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DEPARTMENT OF THE INTERIOR, 

UNITED STATES GEoLoGICAL SuRVEY, 
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SIR: I have the honor to transmit herewith the report of the 

operations of the United States Geological Survey for the 

year ending June· 30, 1896. 

In this connection permit me to thank you for the con­

tinued interest you have manifested in the work of the 

Survey. 
I am, with respect, your obedient servant, 

Hon. HoKE SMITH, 

Secretary of the Interior. 

Director. 
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SEVENTEENTH ANNUAL REPORT OF THE UNITED 
STATES GEOLOGICAL SURVEY. 

CHARLES D wALCOTT' DIRECTOR. 

INTRODUCTION. 

During the fiscal year 1895-96 the organization of tho Geo­
logical Survey as set forth in the Director's last report was 
continued without material change, and the field work of 1895 
was largely a continuation of that of the previous season. 

The most important change made within the year affecting 
the work of the Survey was 'the enactment by Congress of 
legislation providing for the monumenting of the topographic 
surveys. The provision is embodied in the sundry civil appro­
priation act approved June 11, 1896, and is in the following 
words: 

Provided, That hereafter m such survey~ west of the nmety-fifth meridian eleva­
twns above a base level located in each area under survey shall lJe determmed tmd 
marked on the ground lty Iron or stone po"ts or permanent bench marks, at least two 
such posts or ben"h marks to be established In each to"n&hip or equivalent area, 
except m the forest-clad and mountiun aieas, where at least one shall be established, 
and these shall be placetl, whenever practiCable, near the township corners of the 
pnbh~-land surveys; and m the areas east of the nmety-fifth mendiau at least one 
such post or bench mark shall be sinularly established 111 each area eqmvalent to 
the area of a townshtp of the pubhc-land surveys. 

The enactment above quoted does not provide for the pro­
tection of the monuments thus to be erected from removal or 
defacement, but such legislation was incorporated in the Indian 
appropriation act approved June 10, 1896, in which occurs the 
following clause: 

Prov1ded jurthe1·, That hereafter It shall be unlawful for any person to destroy, 
deface, change, or remove to another vlace any sectwn corner, quarter-sectwn corner, 
or meander post, on any Government !me of survey, or to cut down any witness tree 
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or any tree blazed to mark the line of a Government survey, or to deface, change, or 
remove any monument or bench mark of any Government survey; that any perRon. 
who shall offend against any of the provisions of this paragraph shall be deemed 
guilty of a misdemeanor and, upon conviction thereof in any court," shall be fined 
not exceeding two hundred and fifty dollarR, or be imprisoned not more than one 
hundred days. • • " 

Under the provision for establishing the monuments and 
bench mark~, a base monument, connected with sea level 
whenever practicable, will be established at some point in 
each area under survey, and the elevation of all the monu­
ments and bench marks in that area will be referred to the 
base-level monument. In a communication to the· honorable 
the Secretary of the Interior, proposing this legislation, the 
Director made the following statement: 

It is my opinion that the maps of the Survey would be enhanced in value ft1lly 
100 per cent if permanent records were left on the ground, in the form of monu­
ments, to show the position of triangulation points and township corners, and their 
true elevation above sea level or some fixed point. Under existing law there is 
no authority for establishmg such monuments. If the amendment proposed is 
substituted for the clause in the estimates, the Survey will be in position to estab­
lish the monuments as proposed, and thus connect the topographic surveys with the 
land surveys and with the surface of the country. Th1s will give the surveys 
greater usefulness in engineering work of every kind, for the utility and practical 
value of any survey is largely dependent upon the measures taken to preserve its 
results and to render possible the ready identification and practical use of these 
results. 

To accomplish this monuments are. indispensable, and from the experience 
already gained in the field, it is well known that if township corners and land sur­
veys are to be preserved there must be established near them permanent monuments 
whose positions are marked on the maps. It is an indisputable fact that the prac­
tical utility of the surveys in much of the region west of the ninety-seventh 
meridian, in connection with tnining, irrigation, water supply, and to a certain 
extent in the matter of railroau location, llepends upon the practicability of identi­
fying the results of the survey on the ground. In many areas the present system 
of surveying will suffice for the purposes of the geologic map, but for the uses 
mentioned above, and for work in the coal and iron areas of the Appalachians, the 
Lake Superior, and similar regions, the approximate location of contours will not 
suffice. Certain points must be capable of identification by means of monuments 
or bench marks, and this identification, to be of value, must be absolute. 

It should be remembered that all in(lnstrial enterprises in the public land States 
are based upon public-land surveys, and hence the topographic surveys, to be of the 
greatest practical value, must be connected and identified with those land surveys. 
It should also be borne in mind that the addition of permanent monuments con­
nected with the public-land surveys will aid in preserving and identifying the lat­
ter. This is especially true of the western portion of the country, where lack of 
population will prevent private development from perpetuating the monuments 
which are now used to mark the public-land surveys. Many of these marks are 
made of material that is subject to rapid decay; others are so insecurely fixed that 
within the next fifty years all of those outside of cultivated lands or the limits of 
mining districts will have disappear\ld. The establishment of a few conspicuous 
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monuments of durable material will be of great value as a basis for the resurvey of 
the ·public lands, should this ever become necessary. It is not proposed to locate 
the monuments in place of the township monuments, but to put them a few feet 
away from the township monuments, and record in the field notes -l;heir relation to 
the latter. It is not the intention to provide for the reestablishment of lan!l office 
lines or corners, but to mark such lines or corners whenever it is practicable to do 
so, a~ stated above .. 

The cost of doing this and of running more accurate lines of levels than it has 
been the practice in the past to run, will be small as compared with the henefits 
that will accrue therefrom. 

The original object of the topographic map wa;; to serve as a basis for the geologic 
,:nap of the United States, but with tho progress of the Survey from year to year 
the public have become more and more acquainted with the maps, and a strong 
demand has grown up for the topographic maps as such, and I now think it is time 
the topographic surveys should be connected directly with theland surveys in the 
manner proposed, and that permanent monuments should be left in all portions of 
the country where the surveys are made. 

Of the benefit the establishment of the proposed monuments will be to the geolo­
gists of the Survey, to mining interests, and to all engineers engaged in irrigation 
work, I beg to submit the following statement: 

AREAL GEOLOGY. 

In areal geology the geologist endeavors to delineate upon his map as accurate a 
picture as possible of the outlines or boundaries of different rock formations as they 
occur on the tract of ground which the. map represents, in order that from this,areal 
map he may draw deductions as to the underground structure of that and adjoining 
-regions, and construct profiles showing the courses and positions at various depths 
of these different rock formations and of their contained useful minerals, such as 
coal, iron ore, salt, etc. . . 

Topographic maps, even when the result of the most improved methods and greatc 
est skill, are necessarily more or less imperfect representations of the earth's surface, 
and the geologist often finds it difficult to determine the exact location upon his 
map of an important geological feature. In the mountain regions the sharp summits 
of hills or mountains have been used by the topographe~s as triangulation points, 
and (thus located with greater accuracy than other points) may be used by the 
geologist to locate a given point if a monument has bl')eu built. Less accurate loca­
tions may be obtained from intersections of streams, valleys, and ridges, or of arti­
ficial features, such as roads, buildings, etc. In the mountain regions there are 
likely to be considerable areas where such features are entirely wanting or are not 
available. Often triangulation monuments built of louse stones are scattered about, 
and afterward others may be built so that they can not be distinguished from those 
built by the topographers of the Survey. It thus becomes apparent that it will be of 
great use to the geologist in mountain regions to have permanent and accurately 
located monuments within short distances of each other, to which he can refer in 
locating important geologic features and in checking on the ground the accuracy of 
his geological work. On the Great Plains area such monuments are even of greater 
importance. Elevated points that would serve as triangulation points arc generaJ.ly 
wanting; intersections of important streams are not often at hand; and there are 
few natural features capable of representation on the map to which he can tie his 
observations. His only recourse is to township or section corners, when they can 
Be found. Under the present system of marking such corners, however, the stakes 
or stones have often been destroyed or moved, and they have an unknown error of 
location, as they are not connected with. any system of triangulation or exact 
measurement. 
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In the rollmg and hilly arf>as west of thfl Ml8SlSSippl, all(l the mountam a.eas of 
the Appalachian regwn aml New England, the need of exact datum pomts IS fully 
aR great as m the West. This IS parttcnlarly true m the survey of the great mming 
aieas of the Lake Superwr regwn, and the great coal fields of the MtsstsRippi 
Hasm and the Appalachian bystem Thtb will he spoken of more espec1ally under 
the followmg hearlmg. 

MINING &EOLO!_.Y 

In mmmg ~reology, the same advantages wtll .wcrue as m areal geology, but to a 
greater degree. A la1ge part ot the observatiOns of the nnnmg geologist are made 
umler ground, and their locatiOn IS refened to a smgle pomt on the surface Thts 
necessitates a sttll higher degree of accuracy fo1 the locatiOn of such pomts as 
mouthb of shafts 01 tunnels, bee a use any consulerahle error rna) entirely nt1ate the 
deductiOns clrawn as to the probahle locatiOn nuder ground of me bodtes. Rueh 
pomts are located by mmmg surveyors with reference to corners of claims, and 
these m their tmn With reference to some townshtp corner If the township corner~ 
a1e accurately mthcated on the ground and on the ruap w1th refereneo to other topo­
graphical features, the other locatwns <'an be made m the office from the gtven 
startlllg pomts In present practiCe, ma~much as It is known that township corners 
may have a cons1derahle though unknown errol (In some cases of several hundred 
feet, and m one known case of nearly a quarter of a nule), It 1~ found to be nece~­
Rary to make a new surv~>y to determme the locatiOn of such mine openmgs as SPrvo 
to conneet underground workmgs wtth the surface Owmg to thrs, 1t IS often the 
practice at present among local mmmg surveyors to connect then surveys with the 
triangulatiOn pomts of the Government geologiCal surveys, because they are mote 
accurately and permanently located than lantl-sur\"ey marks At the present time, 
howeyer, these monuments are bmlt ot ptles of stone, ancl often, when stones are 
scarce, of a smgle stone With a bottle buned beneath It, contammg a record of the 
pol>ltiOn of tho monument, and agam, thA pomts are more or less wrdely separate{!, 
as they are made With reference only to the triangulatron 

The vertiCal element, or the exact level, IS of the greatest rmportance Ill coal fields 
where the rocks are approxrmatoly horizontal, for upon a correct (letermmatwn of 
the vertiCal element clepend all of the gAologist's stratigraphical and structural 
results Wrthm mobt of the Appalachian coal field the drp rs le's than 2 degrees, or 
200 feet to the mile Now, the geologist must bmld up Ins strattgraphtcal columns 
and h1s structure of the regwn upon the topographiC map which he uses It IS a deli­
cate OJJeratwn, and it IS evident that a slight variatwn In the elevatiOn used as a 
base wtll result m a very great change of structure It Is found Ill practice that 
while th<' coal heels appear to slope regularly from the margm of the basm toward 
the center, this apparently simple structure IS complicated to a remarkable extent 
by &light but very Irregular undulatwns, which traverse the fielclm every duectwn 
If the errors of structure a fleeted only tho value of the sCI en trfic results they would 
be serious ~>nough, but when, sooner or later, tho mmmg engmeer endeavors to make 
n&e of the maps, he Is liable to be mrsled by them It has been the practiCe of the 
geologi~t to rnn levels and c,heck errors m every possible way, but If he had monu­
ments to refer to, the elevatwns of whiCh were already determmerl, he wonld ha\·e 
a constant check upon h1s work. 

Tn the Lake SuperiOr regiOn the monuments and bench marks wrll grve a basts for 
accurate maps winch ts necessary m connectiOn wrth the development of the groat 
mmmg operatiOns there, both the exploitatiOn of the mmcs and the extensiOn of 
ra1hoads and the bmldmg of graded roads. These would also be of great service 
to the trmber mterests, m the establishment of wmter roads, and of special narrow­
gauge Iailroads, whtch are so necessary to carry the tunber to the matn railroad 
hues, I thmk that a standarrl upon which surveys shall be based will be of mestl­
mable value to all nnmng regions. 
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The DIVI~wn of Hydrography of this Survey IS condnctmg 1ts operatiOns under the 
appropuatwn "for gaugmg the streams and determmmg the water hnpply of the 
Umted State>, mcludmg the mvestigatwn of underground currents and. artesian wells 
In arid and oemiauu &eetwns" Its work Is widely u1stnbuted Streams In varwus 
partH of the Umted States are meabured, and the underground conditiOns affeetmg 
water supply aw btuched m portwns of the Great Pl,uns regwn from the Dakotas to 
Texas The Iesults of this work have apphcatwn m questwn~ of water supply for 
IrrigatiOn and for power, and. although the investigatwns relate prunanly to quanti­
ties of water, yet there are constantly ansmg que&twns of the ntihzatwn of this 
water, such questiOns bcmg dependent for their solutwn upon facts of relative ele­
vatiOn That IS to say, In any conbHleratwn of water resources the engmeer has to 
ascertmnfirst the q•(~ntltie~ available and. next the relative elevatiOn of these quan­
titJe~ with respect to the pomt when; the water IS to be usell. either for ungatwn 
or for power The one f:tct IS as necessary as the other, for without "head," or 
difference of elevatwn, water IS to a large extent u&eless 

The profitable employment of the water rPsources, whether from streams or wells, 
IS determmed often by very small differences m elevatiOn A few mches per mile of 
rise or fall may make or mar a proJeCt mvolvmg the reclamatiOn of large area&, or 
may ue the determmmg pomt in the locatwn of a powPr plant Thus It results that 
no sooner IS the public mformecl as to matters of water quantity than an urgent 
appeal Is made for exact Informatwn LOncernmg slopes and elevatwns 

The relative elevatwns of land and water, and of different hocl1es or streams of 
water, are shown In a broad. wa~· on the present topographic maps, lmt the infor­
mation is not sufbmently accurate or detailed, cspecmlly where matters of practical 
apphcatwn depend upon di!ferences m elPvatwn of a few feet, or even mches. The 
value of the topographic maps, as far as the utilization of the water resources IS 
concerned, would ue mcreased many-fold rf, along the prmCipal streams and the 
broad, nearly level valleys, accurate level lines were run and occaswnal monuments 
or bench marks were located at lhstances of 5 or 6 m1les, these bemg shown upon 
the map Then when a 'luestwn as to <livertlllg water from a btream or from wells 
on the low land IS brought up, It Will be possible for any p~>rson of farr mtelhgence 
to take the>e maps and determme m a general way, from mspectwn, the feasibility 
of the proJect, or to go upon the ground and settle at small outlay of time and 
money any doubt as to the ulflerence of elevatwn 

In thrs way many proJects which are rmposs1 ble wouhl at the outset be condemned, 
and on the other haml attentwn would be drawn to feasible schemes for the develop­
ment of the natural resources of the country As the matter now stands, an engmeer, 
havmg determined upon the water supply and noted the general location upon the 
present topographic maps, must rerun many of the hnes 1f he would know the exact 
elevatwn of any pomt. Many thousands of dollars expended. m such work could 
be saved by the srmple provisiOn of placmg a few permanent marks at the trme the 
topographic surveys and the preCise level lines are bemg run. 

In adJition to granting authority for monumenting the topo­
graphic surveys, Congress made provision at its last session, by 
joint resolution approved February 28, 1896, for continuing 
the distribution of the publications of the Survey to two libra-

, ries in each Congressional district and four in each State at 
large, in extension of the Jistribution previously provided for 
Under authority of this provision and of the statutes previ­
ously enacted and in force, all the publications of the Survey 
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except the annual reports are now distributed to four libraries 
in each Congressional district and eight libraries in each State 
at large. The annual reports are distributed by Senators 
and Representatives direct, as public documents are usually 
distributed. The character of these reports is such that it 
seems highly desirable that all libraries which receive the 
other publications of the Survey should receive the annual 
reports also. This, however, can not be brought about except 
by Congressional acfl!;on. 

The operation of tl!ie Civil Service rules as affecting appoint-
. ment, retention, and advancement in the Survey has been 
highly satisfactory during the year and productive of good 
results. By Executive order of July 15, 1895, the positions 
of geologist, paleontologist, chemist, engraver, and all other 
places the ·duties of which are of a scientific or technical 
character, and which had previously been exempt, were made 
subject to competitive examination. The effect of this order, 
taken in connection with previous orders and with the general 
revision and extensi~n of the rules ~ade and promulgated 
by the President Mary 6, 1896, whereby the positions of chief 
clerk, chief disbursing clerk, disbursing clerk, and confidential 
clerk were likewise made subject to examination, was to render 
subject to competitive examination all positions in the Survey 
of every grade and class except, the place of laborer. 

In July, 1895, a conference was held between the Director 
and a number of the members of the staff in reference to. the 
revision of the explanatory text which is printed on the inside 
of the cover of each folio of the Geologic Atlas of the United 
States. It was deen: ed wise to make such a revision, because 
important advances .in petrography and in general geologic 
nomenclature had been made since the text was written.· The 
members of the Survey who took part in the conference and 
the revision were Messrs. T. C. Chamberlin, S. F. Emmons, 
C. R. Van Hise, Arnold Hague, G. K. Gilbert, Henry Gannett,. 
and Bailey Willis. The ehanges that were made may be 
observed by a comparison of the explanatory text of folio 
No. 20 with that of folio No. 21. 

At the time of the resignation of Maj. J. W. Powell from 
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the directorship, in 1894, none of the folios had been pub..: 
lished, though several were under way and the descriptive 
text therefor had been prepared. The first folio was issued 
after the present Director took charge of the Survey, but the 
name of Major Powell was placed upon the title page of the 
first 20 folios in recognition of the long-continued and important 
preliminary work which had rendered the publication of the 
folios possible. 

In this connection mention should be made of the services 
rendered by Messrs. G. K. Gilbert and Bailey Willis in the 
development of the scheme of colors and conventional signs 
used in the folios, and by Mr. S. J. Kiibel, chief engraver, in 
carryi1ig the details of that plan into practical effect and pro­
ducing by extended experimentation results of such.mechanical 
and artistic excellence. 

The Smithsonian Institution, National Museum, Coast and 
Geodetic Survey, General Land Office, and Government 
Printing Office have, as in previous years, cordially cooper­
ated with the Survey in the endeavor to advance and perfect 
its work, and the members of the Survey have rendered 
diligent and faithful service. 

PLAN OF OPERATIONS FOR TilE YEAR. 

In accordance with custom, a general plan of operations for 
the fiscal year 1895-96 was laid before the honorable the Sec­
retary of the Interior on May 22, 1~95, and was approved by 
him on June 8, 189 5. 

The detailed plan of work as approved by the Secretary, 
and in conformity with which the greater portion of the work 
hereinafter reviewed was executed, is on file in the Depart­
ment. ~ general statement of appropriations and of allot­
ments for work in geology, paleontology, and topography 
immediately follows, and where each party worked and what 
each party and office dhision accomplished will be fomid stated 
further on under the head "Organization and work of the 
year." 
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APPROPRIATIONS AND ALLOTMENTS. 

SUMMARY OF APPROPRIATIONS. 

For the fiscal year 1895-96 there was appropriated for the 
work of the Geological Survey the sum of $521,890. Separate 

, amounts were, by the terms of the several acts, set apart for 
specific branches of work and for the salaries of persons con­
nected with those branches. For convenience of reference 
these separate appropriations are here brought together and 
classified, as follows: 
}'or pay of skilled laborers, etc ........................................... $13, 000 
For topograpllic surveys .................................... : ..... $150, 000 
For pay of two geographers and two topographers................. 9, 200 

Total ............................................................... 159,200 

For geologie surveys .............................................. 100, 000 
For investigations in Alaska ........... , . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 000 
Por pay of four geologists ..................................... _.... 13, 700 

Total ..................................................... ; . . . . . . . . . . 118, 700 

For paleontologic researches .................................... :. 10, 000 
~or pay of two paleontologi~ts...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . 14, 000 

}'or chemical and physical researches.... . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 500 
For pay of one ehemist...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 000 

Total . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 500 

For ganging streams, etc ........•....... : ................................. . 
For preparation of illustrations .......................................... . 
For preparation of report on mineral resources ............................. · 
For purchase of books and distribution of documents ..................... . 
For engraving and printing. maps ........................................ . 
!!'or rent ................... __ ... _ ................................. _ ......• 

24,500 
13,000 
18,000 
2,000 

65,000 
4,600 

Total. ................................ ·_ ..................... - ....... 443,500 

Furthermore, there was appropriated in the same act for 
eng1;aving, printing, and binding the publications of the Sur­
vey $37,000, this sum to be disbursed, not by the Survey, 
but by the Public Printer. The items are as follows: ' 

For engraving illustrations for report of the Direetor . . . . . . . . . . . . . . . . . . . . . . $7, 000 
Fo~ engraving illustrations for monographs and bulletins .......... - ........ 10,000 
For printing and binding monographs an<l bulletins .............. - . . . . . . . . . 20, 000 

Total .... · ....... _ .. . _ ............ _ . _ .... _. ___ ................ .'.. . . . . 37, 000 
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Laftly, the legislative, e"xecutive, and judicial act appropri­
ated for the Survey $41,390, in two items, as follows: 

For salaries of Director, chief clerk, chief disbursing clerk, librarian, and 
photographer, together with clerk~. messengNs, et al., to the number of 
twenty-nine persons in ail ................................... _ ....... _ .. $31, 390 

For rent ......... _ .................... _................ . . . . . . . . . . . . . . . . . . 10,000 

TotaL .............. __ ...................... _ ................. _ .. ·.. . 41, 390 

'rhus the aggregate appropriation for the Geological Survey 
for the fiscal year 1895-96 was $521,890. 

ALLOTMENTS TO 'GEOLOGIC WORK. 

As stated above, the total appropriation for g-eologic work 
for 1895-9G, including the special appropriation for wor~ in 

_Alaska, was $118,700. 
The following table exhibits the allotments that were made 

to the heads of the several geologic parties : 

[=. Parly. 

Executive office ... _ .................................. . 

Shaler, N. S. __ ....................................... . 

Emerson, B. K .... .............................. ···'·· 

Dale, T. Nelson ................ ·----- ................ . 

Hobbs, W.H ......................................... . 

Wolff,J. E ........................................... . 

White, C. David ..................................... .. 

Allotment. 

$9,000 

3,500 

750 

2,800 

500 

750 

2,200 

Taff, J. A ................. .' .................. ·......... a, 600 

Campbell, M. R .... :.. .... .......... ...... ...... ...... 4,000 

Hayes, C. W .. ·_... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 500 

Keith, A .... _ ...... ".. . . . . .. .. .. . . .. . . .. .. .. .. .. .. . . .. 3, 000 

Darton, N. H...... . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . 3, 000 

Clark, W. B........................................... 600 

Eldridge, G. II ........ _ . . . .. . .. . . . . . .. . . .. . . .. .. .. .. .. 3, 700 · 

VanHise, C. R .................... .... :.·.. .... .... .... 8,000 

Chamberlin, T. C ..... _ . . . .. . .. . ... .. .. ... . . ... .. . . . . . . 3, 000 

Gilbert, G. IL......................................... 6, 500 

Hill, R. T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 000 

Weed, W. H........................................... 2, 500 

Emmons, S. I<' • • • • • • • . • • • • . . . . . .. • • • • • • • • .. • • • • • . . • • • • • 7, 000 

Hills, R. C .. - . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . I, 000 

Cross, C. W ........... ------ ----- · ·-'- · · · · · · · · · · · · · · · · ~· ~~~ I 
L-H_a_g_u_e_,_A_._·_··_·_·_--_-_ .. _-_-_--_-_--_-_-_--_-_ .. _-_-_-·_-_-_--_·_--_-_-_--_-_ .. _·_·~-~ 
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~ ,~, 
Diller,J. S ...... -------------- ...... -----.-------------

~~=~~-- ::- ._::.-:• :-- --: ••• -: ••• : ::.: •- •• -- ! 

Alln~nn< I 
$5,800 

4,000 

3,500 

500 

:~~:~.~~i~~~::::::::::: _-::::::: :::::: :::: :::: -::: :::-I ~: ~~~ I Conttngnn.t.fund ______ ,,_, ________ , _____ .m u __ _I 1""" I 

Total. ________ -.-------------------. =~~A 11 

ALLOTMENTS TO PALEONTOLOGIC WORK. 

The total appropriation for paleontologic work was $14,000. 
It was allotted to the several branches as follows : 

I - '-_ct-io_n_. ---------I-A-ll-ot_Ill_en_t_. 

Paleo:r.oiC work. ____ ------------------................ $1,500 

Mesozoic work_---- ................ ---- ......... _.... 2,000 

Cenozoic work.-- ____ .............. ---- ........ ------ 2, 300 
Paleo botanic work ......................... _____ .. _ _ _ 4, 600 

Vertebrate paleontologiC\ work .......... ____ .. ___ .. _.. 2, 000 

General assistant's salary_ .... ____ ........ ___ .. ___ .. .. 1, 200 

Contingentfnnd, ____ ------ ...... ____ ---------- ...... ~00 
-. 

Total ................ ,_------ .... __ .... __ ...... 14,000 

ALLOTMENTS TO TOPOGRAPHIC WORK. 

, The sum appropriated under the head of topographic sur­
veys was $150,000. Of this amount the statute specifically 
provided that $35,000 should be expended in the region west 
of the ninety-seventh meridian, in the States of North Dakota, 
South Dakota, Nebraska, Kansas, Texas, and the Territory of 
Oklahoma, and at least one-third of the remainder west of the 
one hundred and third meridian. The following allotments 
were in accordance with these provisions. These allotments 
include certain stated salaries which were specifically provided 
for and which aggregate in amount $9,200, making the total 
appropriation for topography $159,200. 
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~=;~- . Section. 

Allmnnstratwn .. _ .................... . 

Atlantic section ..................................... . 

Central section ................................. _____ . 

Rocky Mountain section ... , ...................... , .. . 

Allotment. 

$6,200 

45,000 

30,000 

30,000 
Pacific section .. .. .. . .. .. . .. . . . .. .. . ............ __ .. 30, 000 

I Contiognnt fomL .... ---- ...... ·.···: ·-- --· .... ,~8,000 1· 
Total, mcln<lmg stu ted sulunc". . . . . . . . . . . . . . . . . 1::>9, 200 

ORGANIZATION AND WORK OF THE YEAR. 

l7 

The general organization of the Survey, by branches and 
divis~ons, remained the same ~s during the pre~ious year. 

The approved plan of operations was executed in all essen­
tial particulars, such slig·ht departures therefrom as were made 
being due to conditions arising during the year which could 
not be anticipated. Follmving is a detailed account of the .. 
work: 

GEOLOGIC BRANCH. 

DIVISION O.F G~OLOGY. 

The geologic field work was carried on by twenty-eight 
parties, each with a geologist or an assistant geologist at its 
head, the heads of parties reporting immediately . to the 
Director. For convenience of administration and reference, 
the field of operations is divided into six grand divisions or 
regions, as follows: The New England region, the Appala­
chian region, the Atlantic Coastal Plain region, the Interior or 
Mississippi region, the Rocky Mountain region, and the Pacific 
regwn. 

As during the previous year, the work of the year 1895-96 
was in the main areal geologic surveying, the distribution 
and relations of the various rock formations being delineated 
upon the topographic base maps. Considerable attention was 
directed, however, to special investigation, including a recon­
naissance of the gold and coal resources of Alaska. 

17 GEOL., PT 1--2 
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NEW J;~NGI-AND REGION. 

This region includes the New England States and the east­
ern portion of New York. In it four parties were engaged, as 
follows: 

Shaler party.-During the field season of 1895, Prof. N. S. 
Shaler completed the survey of the Narragansett coal field of 
Rhode Island and an adjoining area in Massachusetts. The 
work done in this and previous years has now been brought 
to a condition of preparation for publication, and an approxi­
mate determination of the geologic conditions presented by 
an area of singular difficulty has been attained. The eco­
nomic results of this work include a knowledge of the prob· 
able distribution of the coal deposits and the value of the 
same, and determinations relating_ to clays, building stones, 
soils, etc. 

In the office, Professor Shaler's time was given chiefly to 
the completion of the memoir on the geology of the N arragan­
sett coal basin. In this work he was assisted by Mr. J. B. 
W oo~worth and, to some extent, by Mr. A. F. Foerste. Atten­
tion was also given to the preparation and completion of a 
report on the Glacial brick clays of Rhode Island and south­
eastern Massachusetts, which appears in this volume. This 
memoir also includes observations on the Tertiary and Creta­
ceous clays, and on the evidence concerning the subdivisions 
of the Glacial period in the New England section of the con­
tinent. lt is based largely upon observations made by Mr. 
Woodworth and Mr. C. }--.. Marbut. Inquiries touching the 
methods of study and experimentation in road-building mate­
rials, in this country and abroad, were continued at intervals 
during the year. 

Emerson party.-In continuation of the mapping of the 
areal geology of central Massachusetts, Prof. B. K. E~merson 
mapped 95 square miles of the northern half of the Bane 
sheet and 25 square miles of the southern half of the Bear 
Mountain region, on the Pittsfield and Sheffield sheets. A 
resurvey was made of the Becket sheet, the northern half of 
the Sandisfield sheet, the southern half of the Barre sheet, the 
uorthern part of the Marlboro sheet, and a region lying south 
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of the Marlboro sheet; in aU, 505 square miles bf resurvey. 
The work on the Becket and Sandisfield sheets is practically 
completed, and that on the Barre and Brookfield sheets is 
nearly done. Work on the Worcester, Blackstone, Marlboro, 
and Webster sheets has been well advanced; preliminary maps 
have been colored, and it is expected that the sheets will be 
finished next season. In addition to the detailed surveys 
above described, a reconnaissance was extended by Professor 
Emerson over the Winchendon, Fitchburg, and Groton sheets. 

The field work of the season, taken in connection with that 
pre.viously done, has resulted in the determination of the limits 
of the stratigraphy of the pre-Cambrian areas across Massa­
chusetts south of the Hoosac area, the mapping of the crystal­
line rocks across to the Boston Basin, and the study of the 
pre-Cambrian and Cambrian conglomerates on the Rhode 
Island border. The last-named work was executed by Pro­
fessor Emerson's assistant, Mr. Joseph H. Perry. 

The principal economic results of the season were the deter­
mination of the origin and distribution of the Becket gneiss, 
which is a fine building stone, and the study of the verd­
antiques of Westfield and of the soapstone and kaolin deposits 
of Blandford. 

In the office Professor Emerson was engaged mainly in the 
preparation for the press of a monograph on the geology of 
the three river counties of Massachusetts. He also arranged 
and studied, with Mr. Perry's help, the rocks collected in the 
course of their joint work in Worcester County, and thin sec­
tions of the same. 

Dale party.-In eastern New York and western Vermont, 
Prof. T. Nelson Dale, assisted by Mr. L. M. Prindle, Mr. F. H. 
Moffit, and, for a short time, Miss F. Bascom, continued the 
mapping of the areal geology of the roofing-slate belt and the 
study of the structural relations of the different beds of slat{\. 
The areal work included the mapping of 21 square miles, of 
which 4 square .rnileswere resurveys. The work embraced 
portions of the Hoosac, Cambridge, Fort Ann, Pawlet, and 
Whitehall sheets. Professor Dale also made a reconnaissance 
of 8 square miles o~ the Poultney sheet, in Vermont, and 
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upward of 1,800 localities were examined and notes made 
upon them in the field note-books. 

The principal economic result is a collection of data for 
a bulletin on the roofing-slate belt of eastern New York and 
western V erm.ont. This work will show the areal distribution 
and structural relations of the red and green slate belts, and 
the location of the more important quarries. Professor Dale 
expects to elucidate the geologic principles pertaining to the 
slate region, illustrating the structural relations by diagrams 
and the chemical nature of the slate by analyses. This should 
be the means of introducing more rational methods of pros­
pecting for and developing the slate quarries, and thus aid the 
slate industry. 

In the office Professor Dale's time was given largely to the 
study and elaboration of the field notes and material collected 
during the field season, chiefly with a view to the preparation 
of the bulletin on the roofing-slate belt above mentioned. 

Hobbs party.-Prof. \V. H. Hobbs was eugaged in the com­
pletion of the survey of the areal geology of the Corn wall 
sheet of Massachusetts. This work was begun when Profes­
sor Hobbs was connected with the New England division of 
geology, under Professor Pumpelly. When that division was 
abolished, at the time of the reorganization . of the geologic 
branch of the Survey, in 1892, most of the field work was 
discontinued and several sheets were left unfinished. During 
the past summer Professor Hobbs surveyed 93 square miles 
and resurveyed 20 square miles, in a region where the struc­
tural geology is exceedingly complex. In addition a recon­
naissance was made of 49 square miles. 

The most important scientific result was the determination of 
the igneous origin of much of the acid granite and gneiss 
of the southern portion of the Cornwall sheet. The field work 
also confirmed the previous determination of the succession of 
the rocks occupying the Hoosatonic Valley proper. 

In the office Professor Hobbs was ernployed during the brief 
period that he gave to the wprk of the Survey in the prepa­
ration of a preliminary report on the Sheffield sheet of the 
Geologi<? Atlas. 
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By special agreement Dr. F. J. H. Merrill, Director of the 
New York State Museum of Natural History, completed in 
southeastern New York tho areal mapping of the Paleozoic and 
pre-Paleozoic formations of the areas lying between meridians 
73 ° 45' and 7 4 ° and parallels 40° 30' and 41°, and during 
the winter his field notes were written up and a map of the 
area was prepared, which will be included in the proposed 
special New York City folio. 

APPALACHIAN REGION. 

This region embraces the mountain system and adjoining 
hills and plateaus that extend from the Hudson River on the 
north to central Alabama on the south. In it seven parties 
were engaged in field work, as follows: 

WoYJ party.-In continuation of the work of the field season 
of 1894, Prof. J. E. ·wolff began the mapping of the Franklin 
sheet, in the Archean highlands of New Jersey. Almost all his · 
time was given to the gneissic area of the eastern part of the 
sheet, of which 35 square miles were completed. This work 
shows the existence of large areas of eruptive granite along 
the western edge of that part of the highlands. The lime­
stones and other sedimentary rocks of the western part of the 
Franklin sheet will be taken up another season. 

During the winter Professor vVolff prepared maps and other 
data relating to the Lake Hopatcong geologic folio. 

Keith party.-To Mr. Arthur Keith was assigned' the map­
ping of the Frederick sheet, of Maryland, and the special 
study of the crystalline rocks in the vicinity of Washington 
and to the southwest, across Virginia and extending into North 
Carolina. In the mapping of the Frederick sheet 900 square 
miles were surveyed; of the Mount Vernon, 670 square miles. 
Of the Patapsco, 150 square miles were carefully surveyed 
and 300 square miles covered by reconnaissance. To complete 
the Roan Mountain sheet, of Tennessee and North Carolina, 
100 square miles were surveyed. 

The principal scientific result of the work in Maryland and 
Virginia was the subdivision of the pre-Cambrian crystalline 
rocks into twelve formations and the determination of their 
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. . . 
structure. Mr. Keith also found that the J uratriassic structure 
was extended into the adjoining· crystalline rocks, and that it 
was possible to correlate the Blue Ridge crystallines with those 
of the Piedmont Plateau. The crystalline series of northern 
and middle Virginia were also correlated with those of North 

·Carolina and Tennessee. The Middle Cambrian series of Vir­
ginia and those of Tennessee were correlated, and numerous 
cross-shear zones aud base-level periods were recognized and 
traeed in the crystalline rocks. 

The principal economic results were the investigation of the 
mineral resources of the areas mapped in Maryland and Vir­
ginia, and the detailed mapping of tlie marble belts of Mary­
land and the slate, soapstone, sandstone, serpentine, and talc 
deposits of Mary land and Virginia. . 

In the office Mr. Keith was engaged in the preparation of 
the maps and text of the Washington, Briceville, and Wart­
burg folios, of special reports on the largP-r crystalline rock 
groups of the Appalachians, and on the various stages of 
Appalachian erosion, and also on the marble and iron depos­
its of Cherokee County, N. C. In addition, the proofs of the 
Loudon and Morristown folios, in course of preparation, were 
read and corrected. 

Tajf party.-In the coal fields of West Virginia, Mr, J. A. 
Taff, with the assistance of Mr. A. H. Brooks, mapped the 
entire Buckhannon sheet and a portion of the Sutton sheet, 
making a total area of 1,39.5 square miles, of which 1,313 
square miles were included in the Coal Measures. 

As regards the structural geology, Mr. Taff obtained scien­
tific results that will have an important bearing up0n the 
development of the coal resources· of the area. Coal and 
limestone are the economic resources of the region. The 
lower series of Coal Measures contains six workable ·coal 
beds, and the upper series contains two. The stratigraphic 
and areal distribution of these beds was worked out with 
great care. 

Mr. Taff had the assistance ·in the field of Mr. David White 
and Mr. George H. Girty, who collected and studied the 
fossil flora and fauna, respectively. Mr. Stose and Mr. 
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Ljungstedt, of the Editorial Division. also assisted in the 
field work for short periods .. 

In the office Mr. Taft' began work on the Buckhannon folio, 
which includes maps, sections, and text .. This folio was com­
pleted and submitted for publication before the close of the 
fiscal year. Data were also prepared in relation to the Sutton 
folio, and Mr. Taff prepared a structure map of the north 
Potomac coal basin, showing its deformation by contours at 
intervals of 100 feet. · 

Campbell party.-The party in charge of Mr. M. R. Campbell 
continued the survey of the coal fields of West Virginia to 
the southwest of the area surveyed by Mr. Taff. 'l'he field 
work was completed on two sheets, the Raleigh and the 
Kanawha Falls, 938 square miles of the former and 680 square 
miles of the latter being surveyed and mapped. The east­
ern half of the Charleston sheet was mapped also, as well 
as portions of the Oceana and Nicholas sheets. The total 
area.covered during the season was 2,500 square miles. Of 
this, the work on the Oceana and Nicholas sheets was of the 
nature of detailed reconnaissance, to secure· data to correlate 
the geology with the geology of the Raleigh and Kanawha 
Falls sheets, which, as stated, were thoroughly surveyed. 
Toward the close of the season, about 70 square miles of the 
coal fields of the Bristol sheet were surveyed, in order to 
adjust the geologic boundaries to the revised topographic 
map. Mr. Campbell was assisted in the WOlik by Mr. W. C. 
Mendenhall and Mr. B. F. Phillips, the latter as a collector. · 

All of the scientific results of the season's work are not yet 
fully elaborated. One of the most important is the verification 
of Mr. David \Vhite's correlation in the Pottsville series along 
New River. Mr. White asserted a year ago that the Quinne­
mont and Fire Creek coals were one and the same. This view 
was fully borne out by tlH'l structural evidence obtained by 

·Mr. Campbell and his assistants. Data were obtained regard­
ing the changes which the Pottsville series undergoes in the 
middle of the Kanawha basin. They also connected their 
work with that of the previous season in the region of Tug 
Fork of the Big Sandy River. Some important results were 
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also obtained in the study of the physiography of the region 
under survey. 

It is anticipated that the publication of the Raleigh and 
Kanawha Falls folios will ·throw consillerable light on the 
question of the productive and nonproductive coal areas. In 
addition to the well-known fields along the New and Kanawha 
rivers, sever~il other areas of excellent coal seams were care­
fully mapped. 

In the office Mr. Campbell first prepared the material for 
the Tazewell folio, and then work was begun on the large 
geologic section along theN ew: and Kanawha rivers, the results 
of which are embodied in a paper that appears in Part II of 
this Annual Report. 

White party.-As in the preceding year, Mr. David \Vhite 
was instructed at the beginning ofthe season of 1895 to coop­
erate with the geologists engaged in mapping the areal geology 
on the line of the Appalachian coal fields. In this manner he 
assisted Mr. Taff in the areal work on the Sutton and Buck­
hannon sheets, at the same time making extensive collections 
of fossils. Later on, in September, he was with Mr. Camp­
bell in the Kanawha Falls area. 

Mr. White's work was largely for tho purpose of correlating 
the various coal horizons under survey by the geologists, and 
in this connection he did considerable work on the southwest­
ern border of the Tennessee coal field, reexamining a number 
of published sections and making a detailed survey of several 
now sections. This work resulted in showing a now base in 
the Tennessee coal fields and the disappearance of the lower 
Pottsville beds on the west side. The probable synchrony of 
the Sew~nee coal bed in Tennessee and the ~ewell coal bed in 
West Virginia was reduced almost to certainty. 

It is anticipated that tho study of the fossils gathered during 
the season will enable Mr. White approximately to correlate 
some of the lower coals of eastern Tennessee with those of the. 
Tug or New River region of West Virginia, and also to corre­
late the beds of the latter region with those of Coal River, 
and thus to fix the relation of tho coals of that district. It is 
also anticipated that the material collected will furnish the 
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data for the construction of a section, based on the fossils of 
the Kanawha Hiver as far up as the Pittsburg coal. This will 
be of great importance for comparison with the material col­
lected in the various horizons to the north, in the Sutton and 
Buckhannon areas. It is hoped, moreover, that it will serve 
as,a basis for a number of correlatig.ns with the coal beds of 
western Maryland and southern Tennessee. 

In the office Mr. White was engaged in th~ main, for several 
months, in the unpacking and preliminary examination of the 
120 boxes of fossils collected in the course of the summer's 
work. The results of this examination were communicated 
to the geologists, Messrs. Campbell and Taff, that they might 
thereby be aided in making correlations and drawing geologic 
boundaries within the field of work wherein he had cooperated 
with them. In the latter part of the year he was engaged in 
rewriting the text of his report on the flora of the Lower Coal 
Measures of Missouri. This report, which will form the sub­
ject of a monbgraph; is now nearly completed. 

Darton party.-During a portion of the season Mr. N. H. 
Darton was engaged in mapping the Franklin and Monterey 
sheets, of West Virginia. The Franklin sheet lies to the 
southeast of the coaJ field and directly north of the Staunton 
sheet, which has beerr completed and published as a geologic 
folio. It also adjoins the Piedmont sheet, which was surveyed 
by Mr. Darton, conjointly with Mr. Taff, during the previous 
season. The survey of the Franklin sheet bridges the gap 
between the Staunton and Piedmont areas and adds to our 
knowledge of the stratigraphic geology of central Appalarhian 
Virginia. The work also resulted in defining the distribution 
of the Rockwood iron ores awl associated limestones in Pen­
dleton and Grant counties, \V. V a., and the discovery of manga­
nese neat Franklin, which may be of economic importance in 
the future. The area of the Monterey sheet is situated directly 
west of that of the Staunton sheet, and reache:.,;; in its northwest 
corner, the Appalachian coal field. Special attention was given 
to the study of the various iron-ore deposits included within 
the area of the sheet. In this work. Mr. Darton was assisted 
by Mr. J. E. Macfarland. 
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Mr. Darton was also engaged in field work in the Atlantic 
Coastal Plain region, which will be mentioned under the proper 
heading, and in the Interior or Mississippi region, which will 
be described in connection with the work of that region. 

In the office Mr. Darton was employed, in connection with 
the geology of the Appalachian region, in the preparation of 
the Franklin folio. 

Hayes party.-In continuation of the mapping of the areal 
geology of the southern Appalachians, Mr. C. Willard Hayes, 
assisted by Messrs. H. B. Goodrich, R. E. Dodge, and, for a 
time, Mr. J. E. Macfarland, completed the Tallapoosa sheet, 
of Georgia-Alabama, by surveying 892 square miles and resur­
·veying 100 square miles, and he surveyed the Anniston sheet, of 
Alabama, in its entirety-922 square miles. Forty-eight square 
miles of resurvey were executed on the Cartersville and Rome 
sheets, of Georgi~, and 200 square miles were resurveyed on 
the Gadsden sheet, of Alabama. About 250 square miles of 
reconnaissance survey were executed on tho Marietta sheet, of 
Georgia, and 660 square miles on the Columbia, Lindon, and 
Waynesboro sheets, of Tennessee, the latter area embracing 
the most important portions of the Tennessee phosphate field: 

The greater part of the season was devoted to the Talla­
poosa and Anniston speets, above mentioned, which are now 
ready for publication, so far as the field work is concerned. 
The resurveys in the Cartersville and Gadsden areas were 
to supplement and correct former work, and these sheets are 
likewise ready for publication. The reconnaissance work on 
the Marietta sheet was done for the purpose of establishing 
through that sheet the connection between the formations 
mapped on the Cartersville and the "'I~allapoosa sheets, which 
adjoin it on the north and west, respectively. 

The work in the phospate region of central Tennessee was 
clone for the most part in sufficient detail for final publication. 
The maps relating to the phosphate area will be complete 
areal geologic maps. 

In the Georgia-Alabama metamorphic and crystalline 
region Dr. Hayes gave special attention to the mapping of the 
gold-bearing belts and the determination of their. relations to 
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adjacent formations. He found that the gold is almost invari.: 
ably associated with basic eruptive rocks which are intrusive 
in mica-schist or gneiss. The extensive limonite deposits asso­
ciated with sedimentary rocks were studied.and mapped. By 
far the larger number of these deposits belong to one of three 
classes, each characterized by different associations. These 
are (1) deposits occurring at the top of the Knox dolomite 
and the base of the Chickamauga limestone, probably mark­
ing au unconformity and ancient land surface; (2) deposits 
occurring at the top of the Weisner quartzite, where that im­
permeable formation passes under the Beaver limestone, and 
which are probably due to favorable conditions for accumula­
ti~n during the weathering of adjacent rocks; and (3) deposits 
occurring along fault lines, oftenm;t in the Weisner quartzite, 
but not confined to that formation, which also probably depend 
on favorable conditions for deposition) during the weathering 
of adjacent formations, though they may have been formed at 
considerable depths, particularly where there has been much 
replacement of silica and lime by iron oxide. 

In middle Tennessee, all available data were collected con­
cerning the thickness and quality of the bedded phosphate and 
the extent of the nonbedded phosphate. This information will 
enable Dr. Hayes graphically to repres·ent with a fair degree 

/ of accuracy the extent of the workable phosphate. 
A number of points of scientific interest were developed 

during· the field season, especially with reference to the stra­
tigraphy of the Paleozoic formations of the southern Appa­
lachian region. The. succession in the Cambrian formations, 
and particularly the relations of the vVeisner, Beaver, and Rome, 
are believed to be satisfactorily worked out. From the study of 
tho phosphates and associated rocks of middle Tennessee some 
conclusions were reached regarding the physical conditions 
prevailing over a broad area in the southwestern Appalachian 
region during Silurian-Carboniferous time. 

In the office Dr. Hayes platted his field notes and put them 
in shape for publication, so far as the condition 'of the topo­
graphic base maps would permit the completion of the platting 
of the areal geology. The finished manuscript of the Gadsden 
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(Ala.) folio was transmitted for publication and is now in 
press. A report on the Tennessee phosphates, published in 
Part II of this Annual Report, was prepared, embracing a large 
number of sections, together with maps on which the thickness 
of tli.e phosphate beds is shown by a graphic methou. A large 
map was also prepared for the Cotton States ana International 
Exposition at Atlanta, which exhibited the work done by the 
Geological Survey in Alabama and Georgia. 

ATLANTIC COASTAL PLAlX REGION. 

This area embraces the Coastal Plain region extending from 
the mouth of the Hudson on the north to the Gu-lf of Mexico 
on the south. In it three parties were at work. 

Clark party.-Prof. W. B. Clark, assisted by Messrs. R. M. 
Bagg and G. B. Shattuck, continued areal mapping in the 
northern portion of the Coastal Plain region, working on . a 
number of sheets of central New .Jersey. The Pemberton, 
Mount Holly, Hammonton, and Mullica sheets were nearly 
completed, while an area embracing the Lambertville, Prince­
ton, Burlington, and Bordentown sheets was partly mapped, 
but not finished, as its areal geology was far more complex. 
To complete this area part of another field season will be 
required. 

Of the area under survey during the field. season of 1895, 
about 600 squar~ miles required careful detailed work, while 
about as much more required comparatively little study. 

The scientific results consist of a more accurate discrimina­
tion of the Cretaceous-Tertiary series of the northern Atlantic 
Coastal Plain. The economic results consist principally in a 
careful delimitation of the clays and marls. 

In the office Professor Clark was ene-aged in laboratory 
work upon several topics connected with tho geology and 
paleontology of the northern and rnidule Atlantic Coastal 
Plain, the results of which will be of service in the preparation 
of text and maps for geologic folios. 

Darton party.-In connection with the preparation of a 
special map of Now York and vicinity, Mr. N. H. Darton, in 
addition to the work mentioned on a previous page, resurveyed 
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the J uratrias armt of the Paterson, Staten Island, and Harlem 
sheets, eomprising 337 square miles. He also made a reeon­
na1ssanee of the Romney (W. Va.-Va.-lVId.), the Woodstock 
(Ya-W. Va.), and the Trenton (N. J.-Pa.) sheets. 
· In the office Mr. Darton gave eonsiderable time to tho prep­

aration and proof reading of the Nomini (Md.-Va.) geologic 
folio, and considerable progress was made on the ·washington 
and New York City folios. A special map was also prepared 
showing the distribution of the Potomac formation of Virginia, 
the District of Columbia, and a part of Maryland, to illustrate 
Prof. W. M. Fontaine's memoir on the Potomac formation in 
Virginia (Bulletin No. 145). 

Shaler pa'rty.-Late in the season Prof. N. S. Shaler, assisted 
by Mr. J. B. Woodworth, began the survey of the Richmond 
(V a.) coal field. This work was interrupted during the winter 
and was taken up again in June, 1896. 

Eldridge party.-Early in April work was resumed by Mr. · 
George H. Eldridge upon the phosphate areas of Florida, with 
a view to completing the survey to determine the geology, 
extent, and value of the deposits. It is anticipated that this · 
work will be finished· in the late fall. 

Three months in the office were devoted to writing· out field 
'notes and preparing the preliminary text and map relating to 
work already done in the phosphate areas under survey. 

INT~~IUOR OR MISSISSIPPI REGION. 

This region embrace's the area lying within the British. 
boundary on the north, the Gulf of Mexico on the south, the 
Rocky Mountains on the west, and the western slope of the 
Appalachians on the east. In it four parties were at work, as 
follows: 

Van Hise party:-Tho areal work of the Lake Superior 
region, under the charge of Prof. C. R. Van IIise, was main] y 
in the Upper Peninsula of Michigan, though' it extended a 
short distance into Wisconsin. It was confined between the 
meridians 87° 30'- and 89° and the parallels 46° and 46° 30'. 
The geologic work on the two atlas sheets lying between the 
meridians 88° and 89° and the parallels above mentioned was 
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completed, and also the areal work to the Cambrian rocks on 
the third sheet to the east. This work involved the survey of 
470 square miles, and in covering the area about 1,000 linear 
miles of traverse were made. 

The principal scientific result of the areal work in the Upper 
Peninsula of Michigan was the outlining of three arms of 
Huronian rocks which project from the main area into the 
Archean. The chain of work between the Marquette and 
Menominee districts was also completed. Tho principal eco­
nomic results were of a negative .character. It was unknown 
whether east of the main area of Archean, between meridians 
ts8° and H9° and parallels 46° and 46° 30', there were Huro­
nian troughs which might possibly produce iron ore. As stated 
above, such Huronian troughs have been outlined, but appar­
ently none of them contain members so high as the iron­
bearing formation, and therefore there is no promise that 
any of these newly outlined troughs will yield workable 
deposits of iron ore. 

Professor Van Hise was assisted in his work by Messrs. J. 
Morgan Clements, W. N. Merriam, and H. L. Smyth. 

In the office Professor Van Hise and Dr. Bayley were em­
ployed in part until February 1 in the final revision of the 
monograph upon the Marquette iron-bearing district. Professor 
VanHise also gave part of his time to the finl:tl revision of an 
extended paper on the Principles of North American Pre­
Cambrian Geology, which was published in Part I of the 
Sixteenth Annual Report of the Survey. Since February 1 
he has been occupied with the proof reading of the last­
mentioned paper and in the revision of Mr. C. W. Hall's bulletin 
upon the gabbro-schists and associated rocks of southwestern 
Mim1esota, and of Mr.Clements's paper upon the Michigamme 
district, which latter was prepared by Mr .. Clements after the 
close of the field season, Mr. Smyth collaborating with him 
and preparing the report on the eastern half of the district. 
It is antieipated that the joint report of Messrs. Clements and 
Smyth, with an introductory chapter by Professor Van Hise, 
will be made ready for publication during the fiscal year 
1896-97. 
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Dr. Bayley was engaged the latter part of the year in the 
preparation of an abstract of the literature of the Menominee 
iron-bearing district and in describing some petrographic 
specimens for the Educational Series of Rocks. 

Gilbert party.-The party in charge of Mr. G. K. Gilbert 
was engaged the greater part of the field season in work in Colo­
rado and Kansas. It was largely reconnaissance, only about 
25 square miles being surveyed in detail. The detailed work 
was on the Two Butte and Albany sheets of Coloradp. In 
southeastern Colorado a reconnaissance was carried across the 
Catlin, Timpas, Las Animas, Hig·by, Lamar, Two Butte, 
Granada, and Albany sheets, and into parts of western Kansas 
immediate! y to the east of the two last-named sheets. The 
area embraces about 4,000 square miles. 

Of the scientific results of this work the following may be 
said: It was previously known that in the vicinity of Pueblo 
and in the .mapped districts lying immediately to the eastward 
the Cretaceous formations, while locally much flexed and 
folded, have a gentle descent northward. It was also known 
that they descended northward, with gentle dip, in Kansas. 
The work of the past summer shows that the same. structure 
obtains through the eastern part· of the Arkansas Valley in 
Colorado. It was also found that there are in that district 
niany local flexures, and that these disturbances characterize 
the beds quite to the Kansas boundary. In the broadest val­
leys of the district the Cr~taceous rocks are unconformably 
covered by gravels and sands of alluvial origin, spread during 
some part of Tertiary time by streams flowing eastward from 
the Rocky Mountains. These alluvial deposits correspond, at 
least in part, with a formation observed in Kansas and called 
" Tertiary grits." 

A series of terraces flanking the Arkansas River and its ter­
races had been previously observed on the Pueblo and N epesta 
areas. These were traced southward to the base of the moun­
tains at Canyon and eastward for from 30 to 50 miles. It 
was ascertained that the terraces descend eastward, that they 
belong to the Arkansas Valley, and that they are newer than 
the high--level gravels correlated with the Tertiary grits. 
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In the northeastern part of the Two Butte sheet were found 
some bodies of volcanic rock of the character of laccolites. 
Lower Cretaceous and upper Jumtrias beds are thereby 
arched upward in a dome 3 or 4 miles broad and a thousand 
feet high. · 'fhese laccolites are exceptional in the character 
of their lava, which is more basic than any previously reported. 
The associated sedimentarios are hardened near the contact, 
and are thus rendered more resistant than the igneous rocks, 
with the result that the igneous rocks occupy the valleys and 
the sedimentarios the hills, an arrangement the reverse of that 
which obtains in the typical laccolitic localities of Utah and 
western Colorado. 

The economic results of the work are as follows: The arte­
sian water of the Arkansas basin is obtained from sandstones 
of the Dakota formation. These are overlain by shales, with 
some limestones, constituting the Benton, Niobrara, and Pierre 
groups. The Dakota sandstones are variable in thickness, 
quality, and arrangement, but the shale and limestone forma­
tions above them, which must be penetrated by the drill in 
order to reach the water-bearing layers, are remarkably uni­
form in character and thickness throughout the entire distance 
of the above-mentioned re.connaissance. It will therefore be 
possible, when the geology of the district has been mapped 
in detail, to indicate with eonsiderable precision-say within 
100 to 200 feet-the depth to which it would be necessary to 
drill at any point in order to reach the water-bearing rocks. 
Information of this character will be of great value to the 
residents of the Arkansas Valley. It will also be possible, 
after thorough geologic mapping, to indicate approximately 
the regions in which there is reason to believe that the water 
reached by the drill will rise to the surface. 

The exten~ive gravel and sand deposits occupying the 
broader uplands of both sides of the Arkansas Valley consti­
tute a reservoir in which,a portion of the scant rainfall of the 
plains is stored and from which a number of springs arid 
streams are sustained. The body of water is popularly 
known as the "underflow," and there is in some districts a 
mistaken impression that it has an inexhaustible soui'ce in the 
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Rocky Mountains. It will be of ad vantage to the community 
to have the conditions and limitations of this water supply set 
forth. 

In the office the field notes of the prevwus season were 
written out, collections ·were numbered, arrangecl, and dis­
tributed, and a number of reports and scientific papers were 
prepared. 

The detailed mapping by Mr. Gilbert of the Pueblo and 
Apishapa districts, in 1894 and 1895, and the reconnaissance 
of 1896, together furnished a body of information touching 
the underground water to which it seems desirable to give 
immediate publication. A report on this subject has therefore 
been prepared, and it appears in Part II. of this Annual 
Report. This report sets forth the general geologic structure 
of the region and endeavors so to describe the formations 
that an intelligent man, even without technical geologic train­
ing, can obtain by local observation the informatiQn most 
important to him in determining whether or not to bore for 
artesian water. A district is outlined, 4,000 square miles in 
extent, within which the water-bearing layers of the Dakot~ 
sandstone lie less than 1,000 feet below the surface, so as to 
afford artesian water at moderate expense. In another district, 
about 1,500 miles in extent, the same reservoir of artesian 
water lies at depths ranging from 1,000 to 2,000 feet. Already 
a considerable number of successful wells have been drilled in 
this region, but the utilization of this mineral resource will 
probably he greatly extended in the near future. A general 
account of the sources and distribution of the ground water 
of the district is also given in the report. 

The specimens of fire clays collected in previous years were 
exam_ined in the chemical laboratory of the Survey, and those 
that appeared to have a favorable composition were afterward 
subjected to a fire test by Prof. H. 0. Hofman, of the Massa­
chusetts Institute of 'rechnology. Several samples gave favor­
able results, and there is reason to believe that eventually the 
greater part of the fire clays used in the reduction works of 
the Arkansas Valley will be obtained in that reg·ion. 

In addition to the work above described, Mr. Gilbert spent 
17 GEOL., P'l' l--3 
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considerable time toward tho close of the field season, and 
again in May and June, in the study of the Pleistoeene his­
tory of the district about Niagara Falls, the northeastern 
part of N ~w York State from Bangor to Lake Champlain, 
and a district in southeastern Michigan extending from l'ort 
Austin at the north to "\Vya.ndotte at the south. 'J'his work 
pertained aln1ost wholly to features direetly eonnected with 
the history of Niagara Falls, a report upon which will be pre­
pared for incorporation in the Eighteenth Amwal Report of 
the Survey. One of the phases of the suhjeet to whieh espeeial 
attention has been given within the past year is the history of 
the ehanges in the drainage systems of Lakes Michigan, Huron, 
and Superior. Mr. Gilbert considers that he has unquestionable 
evidenee that Lake Algonquin, the geologic ancestor of Lake 
Michigan-Huron, once discharged its waters by a northerly 
route, following the valley of the Trent River, and that the 
Detroit. River, after carving out its ehannel, eeased for a time 
to flow. These results show that the volume of the Niagara 
River has undergone great variation. There is some reason to 
suspect that changes in relative heights of different parts of 
the basin, sueh as were connected with the past history of the 
river, may be now in progress. If they are, and if their 
tendency now is the same as iu the past, they will eventually 
divert the drainage of the upper lakes from. an outlet at 
Niagara to an outlet at Chicago. 

Mr. Gilbert also gave some attention at intervals to the 
question of the determination of the total volume or mass of 
the sedimentary rocks of the globe and the study of the rela­
tive quantities of the more important sedimentary rocks, and 
also to the revision of proof sheets of a bibliography of geo­
log·ic bibliographies, in eourse of preparation. 

Hill party.-The party in charge of Mr. R. T. Hill was 
occupied in work in Texas, though Mr. Hill extended his field 
of observations into Indian Te.rritory for the purpose of study­
ing the relations of the known marginal portion of the Texas 
Cretaceous area to the Ouachita Mountains of that region. In 
company with Mr. Stanton, he examined the formations from 

·Caddo to Denison, Tex., making a. special study of a section 
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in the vicinity of Denison. rrhe same formations were also 
studied in northern Texas, points being visited in the vicinity 
of Fort vVorth, Weatherford, Glencoe, and Waxahatchie. 
From Austin a trip was made by Messrs. Hill, Stanton, and 
Vaughan across the rough and difficult country to Brackett­
ville, by way of Travis Pe~tk, Marble Falls, Round Mountain, 
Frede,ricksburg, and Kerrville,- for the purpose of reviewing 
the lower Cretaceous beds and their relation to the Paleozoic 
rocks of Burnet, Blanco, and Gillespie counties. En route 
the geology and geography of the Edwards plateau were 
st1H.lied, and also the region of the head-water drainage of the 
streams which rise in its southern margin&. Important infor­
mation wa& secured upon the conditions of occurrence of 
underground waters, and several new sources of supply were 
discovered. 

Systematic work was begun upon the Brackettville sheet 
and carried forward until the areal geology was completed. 
The geology of this sheet will serve as the type of a ·large 
extent of country lying· between the Pecos and Colorado riv­
ers, an area of which we have little exact knowledge. After 
completing the Brackettville sheet, Mr. Hill's party took up 
the Nueces sheet, to the north, and completed the areal geol­
ogy thereof. The areal mapping of the season includes about 
400 square miles of resurvey and new work on the Austin 
sheet, 1,040 square miles of survey on the Brackettville sheet, 
and 1,035 s{ruare miles of the Nueees sheet. Reconnaissances 
were made of the Burnet, Blanco, Fredericksburg, Kerrville, 
Chispa, San Carlos, and El Paso sheets. 

The principal scientific results of the season's field work 
are: The completion of the studies of the vast extent of Cre­
taceous formations lying east of the Pecos River, upon which 
Mr. Hill has been engaged, with the aid of his assistants, for 

·a number of years; the obtaining· of paleontologic material 
and stratigraphic data for the comparison and correlation of 
the beds of the uppermost division of the Cretaceous of the 
Rocky Mountain region with those of supposed synchronous 
age in the Eastern and Gulf regions of the United States; the 
final determination of the great Balcones scarp line, which 
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forms such an important topographic feature in the south 
Texas region; the ascertainment of the exact character of the 
line of volcanic hills located approximately along the fault 
just mentioned; the final study of the Edwards plateau; and, 
finally, some comprehensive results relative to the post­
Cretaceous erosion and deposition of the detrital formations 
of the Rio Grande embayment. 

Among the economic results of the work are: The determi­
nation of the character and geologic occurrence of the commer­
cially important asphnltum beds of southwestern 'l'exas; the 
securing of full data touching the occurrence of underground 
waters in the groat thieknoss of Cretaeeous rocks of Texas; 
the determination of the age and position of the new and com­
mercially valuable coal fields of San Cnrlos, in Trans-Pecos 
Texas, which, aecording to the researches of Messrs. Vaughan 
and Stanton, belong to a new coal horizon, so far as reported; 
and the procurement of additional data relative to the struc­
ture aud extent of the upper Cretaceous and lower Tertiary 
coal basins of the Rio· Grande embayment. Important facts 
were also secured bearing upon the origin of soils and the 
occurrence of flints, building stones, clays, ete. 

Mr. Hill's work of the last field season represents the com­
pletion of a long-continued geologic study of the Cretaceous 
formations of Texas, and there are now in the offiee of the 
Survey data for the preparation of accurate geologic maps of 
the region. The material eollected by Mr. Hill and his assist­
ants will enable Mr. Stanton, in whose hands it has been 
placed, to prepare an extended monograph on the Cretaceous 
fossils of the Southwest. "Mr. Frank Burns was employed 
during the field season, under Mr. Hill's instructions, as a 
collector, and he sent in 27 boxes of fossils. 

Mr. Hill was engaged in the office the greater part of the 
winter and spring in the preparation of the text and maps of 
the Austin, Braekettville, and Nueces sheets. He also gave 
com;iderable time to the collection of data for and the super­
intendence of the preparation of. a base map of the 'rexas 
region. ,,This involved the complete revision of the astronomic 
location of various points, the political boundaries, and the 
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drainage m~d physical features of the State. A large part of 
his time was given to the preparation of a monograph on the 
underground waters of Texas. Several special studies were 
also completed. These include a monograph on the gryphre­
at.e oysters of the Cornanche series, and a revision of his pre­
viously published check-list. of the invertebrate fossils of the 
Texas Cretaceous. A study was also made under Mr. Hill's 
direction, by Mr. George B. Shattuck, of Johns Hopkins Uni­
versity, of the fauna· of the Shoal Creek limestone. Mr. 
Vaughan, in addi:ion to his work on the atlas sheets, prepared 
a paper on the Texas coal fields of the Rio Grande region, 
carried to completion a memoir on the Eocene corals of the 
United States, and wrote a short paper on the geology and 
paleontology of northwestern Louisiana, which will be pub­
lished as Bulletin No. 142. 

Darton party.-Mr. N. H. Darton was employed for two 
months during the field season in North Dakota and South 
Dakota, obtaining data. for a report upon the. artesian-well 
prospects· of the region. A general reconnaissance was made 
of all the well areas, and data were obtained touching the topo­
graphic and geologic features bearing upon the artesian water­
supply problem. Mr. Darton was assisted in the work in South 
Dakota by Maj. Fred Coffin. 

During the winter a report was prepared in the office on the 
artesian waters of a portion of the ])akotas, which appears in 
Part II of this Annual Heport. It includes all the available 
data relating to tho wells of South Dakota, and also of the 
southern half of North Dakota, except the Red River Valley. 
The area in which a'rtesian flows may /be expected is indicated, 
and the distribution of head, pressure, and salinity is discussed. 
The structure; depths, and distribution of the water-bearing 
horizons are set forth in such manner as clearly to indicate 
the prospects in all portions of the area. Finally, there 1:::; a 
chapter on well construction and management. 

P.QCKY MOUNTAIN HEGION. 

This area embraces the Rocky Mountains and their foothills 
between the British and Mexican boundaries on the north and 
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south, the margin of the Great Plains on the east, and approx­
imately the line of the one hundred and nineteenth meridian on 
the west. In it :five field parties were at work, as follows: 

Weed party.-Mr. Walter H. Weed was engaged main] y in 
reconnaissance work in the northern part of Montana and 
Idaho and northwestern Washington, in company with the 
Director. Under detail from the Secretary of the Interior, he 
gave a short period to duty with the Commission appointed 
by the President to treat with the Blackfoot and Fort Belknap 
Indian tribes. vVhile thus engaged he made an examination 
of the mineral character of the lands of the Little Rocky Moun­
tains and secured sufficient data to enable him to prepare a 
geologic sketch map of the region. This shows the moun­
tains to be an uplift of the Black Hills type, with an Archean 
core, upon which the Cambrian and other Paleozoic strata are 
upturned, the Mesowic strata resting upon the flanks of the 
uplift. 

The second region of which a reconnaissance was made is 
tho isolated mountain group known as the Bear Paw Moun­
tains. These consist of slightly disturbed Cretaceous beds, 
making a platform through which volcanic material has been 
forced to form a group of volcanics. The region is of great 
interest because it shows an excellent example of dissected 
volcanoes and because the rocks are of rare type and unusual 
association. 

The economic work of tho season consisted in the examina­
tion of tho mineral resources of the region of the Little Rocky 
Mountains, where gold deposits as telluride ores are intimately 
associated with Yolcanic rocks; of the mines of the Bear Paw 
Mountains; of the geologic occurrence of the oro bodies of 
the Camr d'Alene district, Idaho, where Mr. Weed was accom­
panied by the Director; and of the coal seams of the vicinity 
of Havre and Chinook, Mont., which completes the exami­
nation of the coal lands of the State so far as exploited. 

Most of Mr. Weed's time in the office was occupied in the 
preparation of the Yellowstone Park material collected in 
previous years. The text and maps for two of the Montana. 
folios were also advanced, so that they might be ready for 
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publication on completion of the revision of the topographic 
baRe map. Prof. L. V. Pirsson was engaged the latter half 
of the year as a volunteer assistant in making a petrographic 
study of the volcanic rocks of the Highwood Mountains. 

Eldridge party.-Mr. George II. Eldridge was detailed to 
make an examination of the mineral resources of the Uncom­
pahgre and Uinta Indian reservations, in Utah, with especial 
reference to the deposits of hydrocarbon compounds of the 
asphalt series. He found that the area over which these hydro­
carbons are present is about 90 by 150 miles-13,500 square 
miles-in extent, of which he examined in the route of inves­
tigation about 7,000 square miles. The chief deposits of the 
several varieties of asphalt were examined, with the exception 
of the deposits of wurtzilite and ozocerite, which were too 
deeply f:overed with snow to be accessible. 

The scientific result of the investigation is a knowledge of 
the forms in which the hydrocarbons are found and of the geo­
logic structure of the country. Among the economic results 
is a knowledge of the nature of the hydrocarbon deposits and 
a general definition of their extent, particularly with reference 
to uintaite (gilsonite ). 

Returning from the field, Mr. Eldridge proceeded to the prep­
aration of the paper on the uintaite deposits of Utah, which 
he completed. It will be found in Part I of this Annual Report .. 

Emmons party.-'rhe principal field work of Mr. S. F. F~m­
mons and assistants, Messrs. J. E. Spurr and G. \V. Tower, was 
the survey of the Aspen mining district of Colorado. The field 
work at Aspen was done by Mr. Spurr, with the assistance of 
Mr. Tower, except that Mr. Emmons gave some two weekR to 
underground exploration. In the course of the season Mr. ~~m­
mons also visited tho Silver Cliff and Breckenridge districts of 
Colorado, the Butte district of Montana, and the -Crnur d'Alene 
and Id::tlw basin regions of Idaho, the work in all these regions 
being reconnaissance preparatory to future detailed work. 

The investigations in the Aspen district involved a very 
detailed examination of the surface geology and a 'redupli­
cation of those observations beneath the surface to :mch an 
exteut that the underground work far exceeded the surface 
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work. Of areal work, 32 square miles were surveyed of the 
general geology of the mining district, 19 square miles of 
the ·detailed geology, and 3 square miles of detailed maps 
showing all mine workings. Of the above-mentioned areas, 
the first shows the relation of the mineralized area to the sur­
rounding country whieh, for the most part, is not sufficiently 
mineralized to be of economic importance; the second shows 
tho region known to contain available ore deposits, and the 
third includes all of the present productive mines. 

The most important scientific results of the field work arc 
those relating to the structural geology. The are~tl examina­
tion shows the results of intense compression of a series of 
sedimentary beds against a buttress of underlying crystalline 
rocks. The beds are greatly compressed and show reverse 
folds accompanied by faulting, and in the older and more rigid 
beds a varied system of fa,ults, including· strike, dip, and ov'er­
thrust faults and some of an intermediate nature. Most of the 
faulting· took place before the oro depositiou, but a considerable 
amount has oecnrrod since that period, and in several places 
the movement is still progressing. The study and elaboration 
of the field observations will undoubtedly result in the ascer­
tainment of many additional facts of scientifie interest in rela­
tion to the structural geology and tho chemistry of ore deposi­
tion. Although the work at Aspen was uudertaken at so late 
a date that many miners considered the district to be worked 
out, it is eertain that the deductions to be m<1de will be of 
great p'mcti<.lal value.to mine owners in enabling them to trace 
their ore with more certainty and in correetiug certain misap­
prehensions as to the relations of the oro channels to structural 
features. The Aspen ore deposits have formed on fault planes, 
the ore ehannels often following those of more than one sys­
tem of faults. These have been in many cases displaced by 
later faulting, so that their continuation in depth has fi·equently 
been entirely lost. It is anticipated that the deductions drawn 
fi·om the Aspen work will clearly define not only the general 
localities where ore should be sought, hut also those where it is 
not likely to exist. The value of the work in its influence upon 
new districts, by analogy through similar conditions in the 
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Aspen and in the new districts, can not be estimated, although 
it is anticipated that it will be of service to mining engineers in 
this connection. 

At Silver Cliff Mr. Emmons ascertained facts of general 
scientific interest, which have been outlined if not fully 
determined. There is a remarkably rich vein of ore which 
does not reach the surface, but is met with at 1,850 feet below. 
In the 200-foot level of the mine there is a subterranean 
spring carrying in solution most of the metals found in the 
vein, together with other salts and acids. This may reason­
ably he considered to represent, if not the actual source, at 
least the continuation, of the action which formed1 the vem 
materia1s. 

At Newlin Gulch," a small tributary of Cherry Creek, on 
the plains to the southeast of Denver, gold in apparently pay­
ing quantity has been discovered in the gravels of an ancient 
stream bed, at slight elevation above the modern stream. Mr. 
Emmons reports that the material of these gravels is a granitic 
detritus, entirely similar to that which formed the beds of the 
Monument Creek Tertiary, which covers a large area on the 
divid·e between the Arkansas and Platte river basins. This ma­
terial evidently results from the breaking down of the Archean 
core of ·the Front Range of the Rocky Mountains, but neither 
the modern nor the ancient streams now known as Cherry and 
Newlin creeks head among these rocks, but in the Tertiary 
mesas at least 15 miles away. The gold placers, therefore, 
must be simply the concentrations of the Tertiary beds. and 
the original gold must have been carried out to this distance 
from the mountains in the waters of the Tertiary lake. The. 
study of such ~ mode of occurrence of gold is interesting, . in 
view of the mode of occurrence of the gold at present derived 
from the South African conglomerates, which are regarded by 
some as fossil placers. 

Mr. Emmons's examination of deposits of gold at Brecken­
ridge was not completed, because of a heavy fall of snm¥ in 
the latter part Of September. 

Owing to the fact that he had suffered a serious illness in 
the spring, from which he had not entirely recovered,- Mr. 
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Emmons was not able to take the field in July, nnd therefore 
he completed in the office the report on the Mercur mining 
district, and also wrote an introductory chapter for the mono­
graph on the Denver Basin (MonogTaph XXVII). On his 
retm;n from the West, early in October, he resumed office 
work, giving his attention first to a revision of tho monograph on 
tho Denver Basin, which is now in press. The special geo­
logic map of the Ten Mile district of Colomdo was taken up and 
prepared, together with explanatory text, for publication as 
a folio of the Geologic Atlas, nnd a paper was written upon 
the mines of Rosita Hills and Silver Cliff, in Custer County, 
Colo., which is published in Part II of this Annual Report. 

Mr. Spurr, assisted by Mr. Tower, completed the report and 
maps of the Aspen district before starting -for Alaska on J uue 1. 
Mr. Emmons observes that the region treated of, which is not 
of great areal extent, presents a degree of structural complexity 
unequaled by any area of similar extent that has come under 
his observation. Mr. Spurr made a complete microscopic study 
of the various rocks and vein materials, which, supple~ented 
by chemical examinations made in the laboratory of 'the 
Survey, has enabled him to trace out in detail the probable 
process by which the ores have been deposited. This required 
a very elaborate system of maps of the underground workings 
as well as the smface features, upon which the observations 
might bo platted and the results worked out. The surface 
maps upon which the geologic boundaries have been laid down 
and the phenomena of deforrrmtion indicated (such as folding 
and faulting) are as follows: ---· ---·----·-----l 

Class. Num~!er of _maps of Scale of map. !~~~;~~ Wllat it repre.sents. 
. o 10 siZe. mi1es. 

---- ·----- ---------·---·-

{ 
3 whole sheets .... ( 300 feet=l inch ( 

3
.
2 1 

2 half sheets . . . . . 5 or 1 :3,600. 5 

5 3 whole sheets_... ( 800 feet=l inch j ( 
2 

ll half sheet._ .... 5 or 1:9,600. 5 19
'1(j 

r Includes all at present I 
) producti vc mines and 

l shows principal drifts. 

( Incluues all the region 

~ known to contain ,-al­

l ua]Jle ore ileposits. 

[
Shows relation of min-

{ 
2,()40 feet=1 } I 32.W eralizerl area to the 
ineh,or 1 :31,250. l 

------- ----___ surrouuoing country~ 
3 1 whole sheet ..... . 
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It is estimated that 190 miles of geologic boundaries luive 
been laid down on these maps. They will be published in 
atlas form, and each map will be accompanied by one or more 
sheets of transverse sections, showing the underground rela­
tions of the various rock formations outlined in the surface 
maps and the positions of the ore bodies with reference to them. 
The report will be published as one of the monographs of the 
Survey, wit,h an ~ttlas containing about 29 sheets. 

Cross party -Mr. \Vhitma.n Cross w~,s enga.ged in the map­
ping of the areal geology of the 'relluridc disti·ict of Colorado. 
The eastern half of this district ineludes the· high, rugged, 
western front of the San· Juan Mountains, and lies, for the 
most part, 10,000 feet above sea level, while the centra:l-west­
ern part is from 9,000 to 10,000 feet in elev~ttion. Si~ty-four 

mountain points lie above 13,000 feet and four above 14,000 
feet. A few canyons cut to below 8,000 feet in 13everal plaees. 

With the assistance of Messrs. H. S. Gane and E. C. K Lord, 
Mr. Cross mapped 245 square Iniles of the rugged region above 
indicated. He made six divisions of the surfaee voleanic rocks. 
The study of these is the first step toward woi•king out the vol­
canic. history of the great San Juan region. 

The studies of the field season make it clear, from the forma­
tions of the Telluride area, that there must have been at least 
two Cynters of eruption from which the material of these vol­
eanic formations came. rrhe principal formation is a great series 
of well-stratified tuffs and conglomerates, 1,500 to 2,500 feet in 
thickness, which extend over hupdreds of square miles. It is 
th0 first of the series, and apparently a water-laid formation 
throughout. 

Three large laccolites were identified in the Cretaceous rocks, 
and five great, irregular diorite bodies cut up through all the 
formations of th.e region, rising to more than 14,000 feet in sev­
eral cases. One of them forms the core of the Mount Wilson 
group. The Cretaceous and 'rertiary rocks through which the 
diorite penetrated form the lower portion of the mountains. 

The sedimentary formations include the Trias, Jura, Dakota, 
Colorado, Montana ( ~ ), and a probable Eocene formation. 
The base of the Juratrias was not determined, but the formation 
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was identified by the presence of saurian teeth and bones. The 
upper portion of the Jurassic is a series of clays, sandstones, 
and marls, 700 feet in thickness. The Cretaceous includes the 
Dakota and Colorado formations. The Dakota formation is 
about 100 feet thick and contains a workable coal seam. The 

. Colorado is represented by 2,000 feet of shales that occur 
above the Dakota. The .Montana formation has not vet 1eeu 

,; 

clearly defined. The Eocene conglomemte oecurs tmcon-
formably above the D~kot.a-Montaua shales, and varies from 
200 to 1,000 feet in thickness. It traverses the entire section 
unconformably from the Trias to the summit of the Cretaceous. 
It is a coarse conglomerate, consisting of granite, quartzite, and 
schist of Algonkian types, limestones, red sandstones, and an 
eruptive rock unlike any known in plac~ in the district. 1'he 
formation extends beyond all borders of the Telluride area 
and probably overlaps the Paleozoic section to the Algorikiau 
rocks of the Needle .Mountains. It is referred tentatively to 
the Eocene, though no fossils have been found. 

As the work was purely, areal geology, there have been no 
special developments of economic hearing, except in the cor­
rect understanding of the eruptive geology of the district, 
the analysis of which will render possible a recognition of 
either tho differences or tho identity of conditions among- ore 
deposits in different parts of the area. At present mining men 
are more or less c:onfused by the immensity of the volcanic 
formationR of the San .Juan region, and it is anticipated that 
the geolog-ic map will be of ser.vico to them in the development 
of the various silver and gold mines of the area. 

On his return from the field Mr. Cross first completed the 
revision of certain chapters of the mouog·raph on the. Denver 
Basin. He also revised the report upon the geology of Silver 
Oliff and the Rosita Hills, Colorado, which is published in 
Part II of this Annual Report. He likewise advanced the 
bulletin on the geology of the Pikes Peak district, worked up 
the material collected in the Telluride region of Colorado, and 
examined the literature relating to the San Juan Mountains. 

Toward the close of the year steps were taken to establish 
within the Survey, for the use of geologists and petrographers, · 
a comprehensive reference collection of rocks, the expectation 
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being to facilitate tho progress of the work of the Survey and 
raise its standard. 'ro organize this collection, a committee of 
three was a.ppointed by the Director, consisting of Messrs. 
Cross, Lindgren, and Di11er. Mr. Cross was made chairman 
of the committee, and coi1siderable time was given by him to 
tho consideration of tl~at sn bject. 

Hills party.--Mr. R. C. Hills continued the survey of the 
coal and iron areas of southern-central Colorado. He sur­
veyed and· mapped 343 Rquare miles and resurveyed 260 
square miles. Further evidence was obtained on the relative 
age of the successive eruptions of the Spanish Peak region, 
and outlines of the boundaries of the Cretaceous and Eocene 
groups were determined within the area surveyed.. It was 
found that the Dakota terrane overlapped the supposed Juras­
sic rocks, and that the latter, in turn, overlapped the supposerl 
Trias along the southeastern shore border of the Wet Mountain 
Range. 

Among the economic results secured was the revision of the 
boundary of the coal-bearing Laramie terrane on the 'V" alsen­
burg and 'l'rinidad sheets. 0 bservations were also made on 
the silver-lead veins of Spanish Peak, aud tlHl so-called tin 
deposits at the southern extrernity of the Wet Mountnins were 
investigated. In the latte1: investigation no evidence w-as 
found of the existence of the ores of tin. 

Hagnc party.-Mr. Arnold Hague continued in tho office the 
preparation and study of the data and material collected 
during his nine years of survey.r; in the Yellowstone National 
Park. The final work upon the atlas folio was completed and 
the geologic Rheets aud explanatory text are now going 
through the press. 'rhe monograph on the park will be pub­
lished in two parts. Part II, which is mainly descriptive in 
its treatment of the subject, is about ready for 'the press. 
The areas of sedimentary rocks which surround the park 
plateau are developed in the Gallatin, Snowy, and Teton 
ranges and in the region of Huckleberry Mountain and Big 
Game Ridge. The several. chapters were written by Mr. 
W. H. Weed, Prof. J. P. Iddings, and Mr. Hague. A large 
part of the volume is from the pen of Professor Iddings, who 
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deals with petrographic investigations from different points of 
view, and gives an analytical study of the composition of the 
igneous rocks found in the region. He also has chapters on 
the volcano of Electric Peak, in the Gallatin Range, and the 
Crandall volcano, in the Absaroka Range. 

All the invertebrate paleontologic material gathered during 
the progress of the survey is treated in chapters by Mr. 
rr. W. Stanton, Mr. G. H. Girty, and the Director. Mr. F. H. 
Knowlton furnishes a chapter on the fossil flora of the park, 
describing in detail the collections made from time to time in 
this region. They include a limited but characteristic flora 

· from the Laramie and a rich and varied flora from the Tertiary. 
His work is illustrated by 45 plates of drawings of the new 
species described by him in the text. The various chapters by 
the different authors have been submitted. The illustrations, 
which include maps, sections, photographs, photomicrographs, 
and woodcuts, are in an advanced stage of preparation. 

It is anticipated that another season in the field will be 
required to perfect the geologic work necessary to complete 
the areal mapping of the country embraced by the Crandall 
Creek and Ishawooa atlas sheets, lying in the forest reservation 
to the east of the park. 

PACIFIC R~:GION. 

·This region embraces the territory lying between the Pacific 
Coast on the west and approximately the line of tho one hun­
dred and nineteenth meridian on the east. In it six parties were 
at work, as follows : . 

Tttrner party.-Mr. H. W. Turner continued the mapping of 
the areal geology of the Gold Belt of California, being aided 
by Mr, F. L. Ransome, a temporary assistant. Of the Sonora 
sheet, 940 square miles were mapped, and 120 square miles of 
the southeastern portion of the Big Trees sheet. An extensive 
collection of gneisses and granites was made in tho canyon of 
the north fork of the Mokelumne River, in the northern part 
of tho area. 

Among the scientific results may be mention~d the st!'uctu­
ral .features of the Sonora district found in the disposition of 
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the limestone masses about the mouth of the north fork of the 
Tuolumne River. It wa.s also found that the granite was 
younger than the surrounding schists, while the gneisses and 
sheared granites of the northern part of the area of the Big 
Trees sheet appear to show that there is there an older set of 
rocks, possibly pre-Paleozoic in age. 

The Sonora. sheet covers an area in the heart of the Gold 
Belt of the SierraN evada. Numerous gold-quartz mines were 
located and defined, and they will be represented on the eco­
nomic sheet of the Sonora folio. The limestone and marble 
masses will likewise be indicated. The marble has been 
largely quarried and found to be of economic importance. 
There is also an abundance of granite and sandstone suitable 
for building purposes. · 

Since his return from the field Mr. Turner has been engaged 
in preparing a paper er1tit1ea, Further Contributions to the 
Geology of the Sierra Nevada, which is printed in Part I of 
this Annual Report. He has also continued his study of the 
rocks of the areas surveyed, and it is anticipated that the 
Downieville folio will he ready for engraving in a very short 
time. 

During the winter and spring Mr. Ransome was occupied at 
intervals, the greater part of the time as a volunteer assistant, 
in studying thin sections of the_ rocks collected by him in the 
Sonora area and in preparing the text of the Sonora folio for 
publication. · 

Lind/}ren party.-Mr. Waldemar Lindgren, who was a,ssisted 
by Mr. H. C. Hoover, also. worked in the Gold Belt of Cali­
fornia a considerable portion of the season. A reconnaissance 
was made of about 200 square miles on the Sierraville sheet, 
and one of 500 square miles on the Carson and Markleville 
sheets. lu addition to revising about 150 square miles, he 
completed the geologic work on the Colfax sheet. 

The principal results obtained hear on the structural geology 
of the ea.stern slope of the Sierra Nevada. The gTeat faults 
along the eastern base have been map.ped, and data have been 
obtained for determining the amount of throw and the character 
of the dislocation. Two distinct dislocations were recognized, 
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one corresponding to the N eocene baselevel, and the other of 
older date, probably the Cretaceous baselcvel. The seas_on's 
work completed the study of a trip across the Sierra Nevada, 
fi·orn the Sacramento Valley to the Great Basin, between the 
parallels 38° 30' and 39° 30' .. 

In July Mr. Lindgren made an examination of certain 
reported gold-bearing gravels near Tacoma, Wash., under spe­
cial instructions from the Secretary of the Interior, and in the 
latter part of December a reexamination was made of certain 
portions of the same district. The results of these examinations 
have been communicated to the Department. 

Mr. Lindgren's office work was confined to the period between 
January 2.5 and July 1. It consisted principally in tho prep­
aration of the Pyramid Peak shoot for the eugraver and of 
the report on the gold-quartz veins of Nevada City and 
Grass Valley which is published ih Part II of this Annual 
Report. 

Branner party.-Dr. John C. Branner was engaged in recon­
naissance work upon the Palo Alto, San Mateo, San Jose, and 
JVfount Hamilton sheets, California, with the object of obtain­
ing a general knowledge of the geology, to aid him in making· 
a detailed survey of the Palo Alto sheet. The work was car­
ried forwai·d in the foothills and in the mountains s'outh and 
west of Palo Alto and in the Santa Clara Valley, where data 
were obtained by means of artesian-well borings. 

The only office work undertaken was the study of maps and 
tho preparation of field notes. 

La2vson party.--Dr. A. C. Lawson,. assisted by Dr. J. C. 
Merriam and Mr. W. S. rr. Smith, continued the study of the 
geology of the region adjacent to the Bay of San Francisco, 
in California. Three hundred and four square miles of new 
territory were mapped, which practically completes the survey 
of the five sheets in the vicinity of the Bay of San Francisco. 

The work is of scientific and economic importance in con­
nection with the question of artesian water supply to the 
numerous towns within tho areas. The study of the structure 
and stratigraphy will also. advance the knowledge of tho 
nature and origin o_f the oil and asphaltum which abound in 
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the siliceous shales of the region and enable the geologist to 
advise more intelligently in regard to prospecting for these 
products. Information was also acquired touching the distri­
bution of limestone, building stone, clays, etc. 

At intervals during the winter, Dr. Lawson wrote out the 
field notes and studied the material collected in his expedi­
tions to the field. 

Diller party.-'l'he work of Mr. J. S. Diller in Oregon was 
wholly reconnaissance in a new region, as .there were no 
topographic maps ready for complete geologie work. The 
fields of which a preliminary study was made embrace three 
continuous districts: (1) '!'he Coast Range of Oregon, from 
the Columbia to the forty-third parallel, an area of about 
9,000 square miles. (2) The northern border of the Klamath 
Mountains, within ~he region ·covered by the Rosebm;g sheet, 
about 871 square miles. ·· (3) Several distinct points on the 
western slope of the Cascade Range, including about 100 
square miles. 'l'he first-named region was studied chiefly on 
account of its coal fields; the second, on account of its min­
oral wealth and. its nearness to a populous eenter, of which­
a good topographic map has just been completed; and the 
third, to determi1ie the age and cm_nposition of the Cascade 
Range and its relation to the Cretaceous strata bordering 
the Klamath Mountains.· Specimens were collected from 445 
localities, fossils being well represented. 

'l'he prindpal scientific results obtained in the first district 
visited were the three sections made in the Coast Range, the 
Nehalem, the Yaquina, and the Coquille. ·These show the 
position, structure, and history of that portion of the range. 
. In the Nehalem section, well exposed along the Nehalem 
Rive1', the middle portion of the Coast Range is composed 
chiefly of volcanic rocks, with flanks of Tertiary shales and 
sandstones, gently dippfng away from the range. The struc­
ture of the range is essentially anticlinal, with a volcanic core. 
The vol ':lanic conglomerates of the core contain a few fossils, 
apparently of Eocene age, and the association is such that 
two things are evident: (1) During that portion of the Eocene 
period represented by the fossils the Coast Range was not yet 

17 GEOL, P'l' l--4 
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raised above the sea; (2) the locality was then the scene of 
vigorous volcanic activity~ In the Y aquina section the com­
position and structure of the nmge is similar to that on the 
Nehalem, except that it is not symmetrical. ·The Coquille sec­
tion is quite .unlike either of the others. The ·v-olcanie rocks 
are a minor feature of the range, and the older auriferous slate 
series appear just south of the Coquille, where the Klamath 
Mountains begin. -

The history of the Coast Range north of Coquille, as 
recorded in its rocks, shows that a period of volcanic activity 
was followed by a long· period of sedimentation, with more or 
less volcanic eruption and orographic movement, which gradu­
ally culminated, before the close of the Pliocene, in raising the 
Coast Range above the sea. Subsequently the land was reduced 
by erosion to a peneplain, and again uplifted, the successive 
stages being marked by terraces up-on the coastal slope. The 
drowned rivers of the Oregon coast show that the final move­
ment of the laud has been downward, in some cases admitting 
the tide for ~0 miles up the narrow valleys of the rivers. 

The discovery of Paleozoic fossils in the Roseburg region 
is of special interest, as it is the only locality in Oregon west 
of the Cascade Range where such fossils have been found. 
The strike of the rocks throughout the Roseburg district is 
southwest and northeast, at a considerable angle to the gen­
eral trend of the Cascade Range; The gold-bearing slate 
series extend into its western flank, as if passing through that 
range to the Blue Mountains of eastern Oregou, where the 
same rocks occur. 

The examination of the Cascade Range at Ashland, on the 
middle fork of the Willarnette and tho Columbia, shows that 
that portion at least is composed of post-Cretaceous hwas. 
The Cretaceous rocks uilderlie a _large portion of the range, 
and the most vigorous stage of volcanic activity was in Mio­
cene time. 

The economic results of the work consist principally in the 
reconnaissance of (1) the coal fields of western Oreg·on; (2) 
the irou-ore deposits of the Coast Hauge, and (3) portions of 
the auriferous slate series in middle-western Oregon. 
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'l'he (50al field:,; of western Oregon are four iu number, viz, 
the Upper Nehalem, of Columbia County; the Lower Neha­
lem, of Clatsop Cm1nty ; the Y aquiua, of Lincoln County, 
and the Coos Bay, of Coos County. Besides these there 
are numero~s outcrops· of coal of minor importance. 

The Upper Nehalem coal field is drained by the portion of 
the Nehalem River lying east of the Coast Range in Columbia 
County, and the coal has been prospected chiefly in Pebble 
Creek. The field is about 13 miles long and from 1 to 2 miles 
wide, and contains at least two coal beds worthy of considera­
tion. One is 9 feet and the other over 6 feet in thi(_\kness. 
The upper and larger bed, being a,bove drainage and nea,rly 
horizontal, is conveniently situated for economic mining, and 
only awaits greater facilities for transportation to develop 
what may prove to be a,n important source of coal for Port­
land. The chemical analyses of these and the other coals of 
Oregon are not yet completed. 

The Lower N eha1em coa1 field lies near the coast, a few 
miles wuthwest of Nehalem post-office. Its length is 5 miles 
and its breadth one-fifth as great. The quality of the coal is 
good, but its thickest bed is not known certainly to exceed 22 
inches, and lies between :,;oft strata inclined at a considerable 
angle. 

The Y aquina coal field lies just west of Depot Slough, in 
Lincoln County, and covers an area of a,bout 5 square miles. 
It::~ best bed of coal is good, and it i:,; said to be 3 feet in 
thickness. 

The Coos Bay coa1 field has a known area of certainly not 
le::~s than 100 square miles. It contains at least two beds of 
coa1 5 feet or more in thickness, and three mines are in active 
operatiOn. The Newport has been running for more than 
thirty years, and has removed in the last £fteen years 700,000 
tons of coal. It was estimated that the Beaver Hill mine, 
started in 1895, would produce at least 12,000 tons of coal by 
the close of that ymtr; 

Numerous other less prominent coal outcrops have been 
examined in Oregon-notably near Cape Arago in Lincoln 
County, and in Camas Mountain, near Callahans, and on the 



52 REPORT OJ<' THE DIRECTOR. 

north fork of tho Umpqua River in Douglas County-which 
do not promise to be of considerable commercial importance. 

'l'ho iron ores of the Coast Range have been found in work­
able quantities in ·but few places, notably at Oswego and 
Scappoose, near Portland. They have also been found in con­
siderable quantities in several places on the west fork of Dairy 
Creek, in Washington County, and along the upper waters of 
theN ehalem, in Columbia County. Magnetite and similar ores 
also occur in the Klamath Mountains, iu Josephine County, 
but of tho extent and purity of these ores little is yet known. 

Tho auriferous slate series of middle-western Oregon is in 
two large areas, one iu the Klamath Mountains, in the south­
ern portion of the State, and the other in the Blue Mountains 
of Oregon. In those older rocks the preeious and baser metals 
are found-gold, silver, platinum, and nickel. In the Bohemia 
distriet, north of Ashland, a num her of stamp mills are at work, 
and others are under eonstruction. The ore is chiefly free-m111-
ing quartz, which forms numerous veins in the country ruek, 
which is of igneous origin. 

The promising prospects for cinnabar, reported from east of 
Oakland, merit thorough investigation. This district was for­
merly one of considerable mining activity, and it is possible 
that cinnab:-tr mining might be resumed to advantage . 
. In the office Mr. Diller prepared a report upon the geologieal 

reconnaissance in western Oregon, which appears in Part II of 
this Annual Hoport. He also prepared a brief text, with illus­
trations, to be printed as a part of the special map of Crater 
t .. ake. Crater Lake is on the summit of the Caseade Range, 
~nd is in a public reservation. It is encircled by eliffs rang­
ing from 500 to 2,000 feet in height, has a depth of 2,000 feet, 
and is one of the great natural wonders of the United States. 

Mr. Diller was also engaged in the preparation of the text 
to accompany the Educational Series of Rocks. Nearly 50 
rock specimens were described, and the work is now nearing 
completion. In addition to the work already noted, Mr. G. K. 
Gilbert has described the glacial material of the collection (3 
specimens), Mr. Bailey Willis the specimens illustrating rock 
deformation (2) and those of peat and coal ( 4), Mr. \V. S. 
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Bayley a number of specimens of metamoq)hic rocks, Mr. H. W. 
Turner the specimens illustrating contact metamorphism (2), 
and Mr. G. P. Merrill, of the National Museum, the specimens 
illustrating rock decay. During the year 250 specimens of 
each of six kinds of rocks for the Educatiop.al Series have 
been collected, 802 have been trimmed, and 13,508 numbered. 

In addition to his other work, Mr. Diller continued in charge 
of the Petrographic Laboratory, being assisted by Mr. E. G. 
Paul, in immediate charge, and Messrs. F. C. Ohm and vV. S. 
Robbins. During the year 3,970 thin sections of rocks were 
made, and 940 specimens were sawed, polished, or otherwise 
prepared for study. 

vVillis party.-Mr. Bailey Willis, assisted by Mr. G. 0. Smith, 
was engaged principally while ·in the field in reconnaissance 
work in northwestern Washington. He examined the glaciers 
on the northern and western slopes of Mount Rainier, the 
Wilkeson and Green River coal fields, the Snoqualmie section 
of the Cascade Range, the gold and silver districts of Silver 
Creek and Monte Cristo, and the iron-bearing schists and the 
coal measures of the Skagit between Sank and Hamilton. 

Mr. Willis found that the Puyallup glacier had retreated at 
least GOO and possibly 1,000 feet from the position it occupied 
when he examined it in 1883. On the Carbon River glacier 
the evidence of shrinkage observed consisted in the difference 
of level between the diminished glacier and the crest of its 

'lateral moraine. The recession of the glaciers is accounted 
for in part by the fact that there was much less precipitation 
during the last winter than during the previous winters, and 
consequently less snow upon the slopes of Mount Raii1ier 
than had been observed any time since the region was settled. 
In consequence of their great recession the glaciers are partic­
ularly dirty; indeed, portions of the Carbon River glaciers 
are so covered, with stones and gravel as to give the appear­
ance of a river bed rather than an ice mass. Along the lower 
course of the Carbon River glacier there is record of au earlier 
and larger stage of the glacier in the existence of lateral 
moraines, which lie outside of but parallel to the modern 
moraines and are covered by a growth of large trees. 
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The coal-bearing strata of the Puget group are so destitute 
of recognizable horizons that in the presence of the universal 
covering of gravel mul forest it is a hopeless task to work out 
the· stratigraphy without the aid of fossils. Accordingly, two 
well-known sections were carefully examined and collections 
made, which were accurately identified with certain horizons, 
in the hope that their examination might enable tho geologist 
to discriminate between the older and the young·er beds. 

A section was examined on the line of the south fork of the 
Snoqualmie River, fi·om the city of Snoqualmie to the summit 
of the range. At the head of the south folk the vicinity of the 
Snoqualmie Pass furnishes occurrences of magnetic iron ore 
in fissures in the granite. In the immediate vicinity there 
are highly metamorphosed black slates containing leaves of 
Miocene age, and it has not yet been determined whether the 
granite is older or younger. If younger, the metamorphism 
of the slates and the deposition of the magnetic orcs might be 
looked upon as contact phenomena; if older, the metamor­
phism and deposition of the iron ore must be attributed to 
some external cause. The economic value of the magnetic 
iron of this vicinity is likely to prove great, p-rovided it shall 
be shown that the ore bodies arc extensive and that they are 
not seriously contaminated with sulphur. 

The Monte Cristo mining district contains the most exten­
sive development yet made on the precious metals in Washing­
ton. The country rocks are in part black slates, conglom­
erates, and limestones of Mesozoic age, intrusive granites, 
porphyrites, and diorites, and breccias and spherulites of more 
superficial volcanic eruptions. The mii1erals are deposited in 
cavities clue to faulting and brecciation of th8 rocks, and form 
bodies varying from minute stringers to deposits 2 or 3 feet in 
thickness. They consist of sulphides of iron, arsenic, lead, and 
zinc in varying associations, carrying both gold and silver. 
The greater part of the gold is contained in the arseno-pyrite. 
The reconnaissance served merely to indicate the necessity 
for detailed geologie mapping with reference to the different 
kinds of rocks and tho structuralfeatures. The mechanics of 
the rock deformation plays an important part in determining 
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the occurrence of tho minerals, and a careful study of this re­
gion should be helpful to prosi)ectors throughout tho northern 
Cascade Mountains; the distriet is a typical one for that region. 
Gold and silver ores occur on both sides of the range, from 
Snoqualmie Pass to the British boundary and beyond, and 
whatever is done in one locality, like Monte Cristo, will serYe 
as a guide to intelligent prospecting· throughout the whole 
region. As the phenomena appear to be mechanical rather 
than volcanic or sedimentary, a study of the mechanism of 
faulting)s particularly needed. 

The iron-bearing schists of the Skagit form an immense 
body, having a nearly east-west strike and an apparent thick­
ness of several miles. 1-'hoir limits are not well determined. 
The schists and the associated siliceous iron ores are very 
closely related, in character and in the origin of the ores, to the 
Lake Superior siliceous deposits, but they rest upon a massive 
limestone in which fossils are discovered. These appear to be 
crinoids, and. suggest a late Paleozoic age. An effort was made 
to discover localities favorable to the occurrence of the rich, 
soft ores which may reasonably be expected to have been 
formed from the decomposition of the carbonate of iron con­
tained in the schists, but in the absence of maps, and on 
account of the extremely inaccessible character of the region, 
no progress vvas macle in this direction. It will, however, he 
pointed out in a general account of the work, to he published 
later, that these iron ores may be looked -for under certain con­
ditions of structure and along the contact with the limestone, 
and it is hoped that prospecting thus directed may result in 
the discovery of ores which are much neecled in the clevelop­
ment of the State. 

Mr. \Villis's examination of the region abont Mount Rainier 
intensifies his former impression that it is unique in character 
and should be set apart as a national park. 

During the winter Mr. Willis arranged his field notes, and 
Mr. Smith made a petrographic study of the volcanic and met­
amorphic rocks. lVIr. ~Willis's time was given mainly, however, 
to the work of editing geologic maps, which will he reviewed 
on a subsequ.ent page of this repoi't. 



56 REPORT OF THE DIREC'l'OR. 

Becker party.-Dr. George F. Becker, assist~d by Mr. C. ''r· 
Purington, was engaged in the examination of the gold deposits 
of southern Alaska. Associated with Dr. Beeker was Dr. vr. II. 
Dall, who had immediate charge of an examination of the coal 
resources. Tho instructions to the party "\Yere to examine the 
gold and coal deposits in the vicinity of the shore line and 
islands along the coast of the Territory, and not to attempt to 
penetrate into tlw interior. 

Dr. Becker and Mr. Purington examined the Treadwell mine, 
on Douglas Island, and fouml that the mine was in slates of 
sedimentary origin, probably of Triassic age, and that it had 
been penetrated hy a heavy dike of diorite or tonalite and by two 
other intrusive masses. rrhe last of these is a rock of basaltic 
character, and its eruption seems to have occurred at the same 
time as the mineralization. Both the diorite and the slate were 
ruptured along a zone which is at some points several hundred 
feet in width, and the interstitial spaces have been filled with 
ore. In the diorite the masses were in great part reduced to 
fragments, :uid these have been decomposed and impregnated. 
in the r;late the fractures mostly followed the cleavage, and the 
deposit there assumes tl10 form of a "stringer lead." The claims 
to the southward of the Treadwell are controlled by the same 
company, and are profitable, but the T;ext claim to tho north­
·warcl is said to be too poor to pay. The ore of Treadwell 
averages only $2.50 to $3 per ton, but, owing to the enormous 
seale of tho workings, there is a large profit in working it. 

'l'he Silver Bow basin lies about 3 miles north of east of 
Juneau. A considerable number of small veins of rather rich 
ore occur in the southern side 'of the basin. The basin was 
formerly oecupied by a large glaeier. After the retreat of the 
glacier the basin was occupied by a lake, and the lake heels 
are successfully worked for gold by the hydraulic process. 

Sheep Creek basin is separated fi·om Silver Bow basin by a 
divide, and the same series of quartz veins extend into it. 
About 55 miles to the southeast of Juneau, at Sumdum, there 
is a very promising vein which is yielding good bullion, 
although the property is only just being developed. At Sew­
ard City, near Beruers Bay, about 50 miles north of Juneau, 
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there are also veins which are extremely rich at some points 
and are yielding gold. On Admiralty hland, about 30 miles 
from J J.meau, there are prornising veins, on which it is expected 
that mining will he commenced during the summer of 1896. 
Near Sitka, especially along SilYer Bay and in the country to 
the southeast of it, there are numerous veins, some of which 
have yielded a little gold. The conditions do not warrant an 
opinion as to their future. 

At Yakutat Bay, just to the eastward of Mount St. Elias, 
there has been some beach mining, as there has also been 
along the west shore of Kadiak Island. The ease of ·working 
and the unlimited supply of sand make beach mining· ou the 
western coast of North America very attractive, but the capri­
ciousness of the distribution of pay streaks and the difficulty 
of saving the gold commonly rob such undertakings of suc­
cess. The amount of gold which occurs in this manner iu the 
sand is enormous, hut as yet there are few if any reliable 
records uf large profits having been made from beach mines, 
either in Alaska or to the southward. 

On Kadi.ak Island, in Uyak Bay, there are several pi·omis­
ing-looking gold-quartz veins, 2 feet or so in thickness, upon 
whi.eh prospecting is now going on. Stream gravels are also 
being worked ou Turn-again Arm, at the head of Cook Inlet. 
The only successful working ·was on Bear Creek, but according 
to the best information that Dr. Becker could obtain the aver­
age results were not more than 8;5 per day per ~nan. A later 
report, received after Dr. Becker's visit, is that richer gravel 
has been discovered near the head of Turn-again Arm. 

The island of Unga is in the Shumagin Archipelag·o, about 
a thousand miles south of west from Sitka. Near Delaroff 
Bay, on this island, is the Apollo Consolidated mine, which is 
now yielding at the rate of over $300,000 a year. The ore 
occurs in interstitial spaces in a crushed zone of andesite. It 
averages between $8 and $9 per ton, much of the gold being· 
free, though heavy bunches of sulplmrets are of frequent 
occurrence in it. 

Although auriferous quartz has been found on the island of 
Unalaska, nothing like a mine has yet been discovered. 
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Dr. Dall first examined the coal field surrounding- Kootz­
nahoo Inlet, after which he coasted along the south side of 
the Alaskan peninsula to the head of Cook Inlet, and thence 
to Kachcmak Bay, where extensive deposits of brown coal 
occur. rrhence he journeyed via the Shumagin Islands to 
Unalaska, where the investig-ation was virtually broug-ht to an 
end. August 29 fouud Dr. Dall at San Francisco, where he 
spent a short time gathering coal statistics. 

In the GOurse of tl!e journey above outlined, Dr. Dall visited 
all localities where work is or has Ia tel y been in progress, 
either in prospecting or mining the Alaskan coals, south of 
Bering Sea in Alaska. Specimens were obtained for analysis 
and all the accessible economic data were collected. The 
localities bordering on Bering Sea and the Yukon, and .those 
north of Bering Strait, were uot visited, on account of the 
lack of means of transportation. 

The results may be briefly summarized as comprising (1) 
the collection of a large mass of useful economic data and new 
information on the Alaska brown coals; (2) the establishment 
of the fact that large fields of a fairly good quality of brown 
coal exist on the eastern shores of Cook Inlet, and that veins 
of economic value exist on the south shore of tho Alaskan 
peninsula; (3) that the coals of Alaska are all brown coals, 
no anthracite or Paleozoic bituminous coal having yet been: 
discovered; and (4) that, with the usc of sufficient capital and 
proper business methods, a California market for the coals, at 
prices commensurate with their value, should be found. 

Further particulars touching Dr. Dall's work will be found 
in his detailed report in Part I of this Annual Report. 

It is appropriate here to acknowledg·e the courtesy of the 
Secretary of the Navy, and pf Capt. A .. R.. Condon, of tho 
U. S. S. Pinta, for courtesies in convoying the party from point 
to point along the Alaskan coast, and to Captain Moore, of the 
Coast Survey steamer Patter·son, by whose aiel the coal fields 
surrounding Kootznnhoo Inlet were exploreu. 

On his return from the field Dr. Becker began the prepara­
tion of a report i.1pon his field work This work he continued 
until about April J, when, an unusually fine opportunity 
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offering for an examination of the gold fields of South Africa 
and an investigation of the mode of origin of the gold of tha,t 
region, a leave of absence without pay ,was granted him for 
the remainder of the fiscal year. 

GLACIAL IXV:ESTIGATIO'IS U~D~~R PROFESSOR CHA~IREBLIN. ·\ 

· Prof. T. C. Chamberlin was continued in charge of WOfJ{ 

upon the glacial deposits of the United States. Areal work in 
New York resulted in the completion of the survey (280 square 
miles) of tho New York portion of the Greenwood Lake and 
Ramapo sheets, by Mr. C. E. Pect. That assistant also did con­
siderable work on the Staten Island and Tarrytown sheets, and 
extended a reconnaissance up the Hudson and Champlain val­
leys to the Canadian border. 

The scientific results of the complete mapping of the sheets 
mentioned will throw light on some of the problems of the 
drift, prolonging into New York the location of the axis of 
the Hudson River lobe of the ice sheet from that determined 
in New Jersey. It will show tho direction of ice movements, 
the drainage during the retirement of the ice, the temporary 
halting places of the ice front, with an accurate delineation of 
the areas of stratified gravels and sands and of unstratified 
drift, the locations of outcrops of rock, of areas of humus and 
peat, the delineation of the alluvial plains of the streams, and 
the subdivision of some of these classes of deposits. 

The economic results will be those directly resulting· from 
the accurate mapping of the different classes of deposits men­
tioned, the determination of the northward extension of the 
Pleistocene clays of tl18 Hackensack Valley, and the accumu­
lation of a mass of facts relating- to the character and thick­
ness of the deposits mapped. All of these data have an 
important bearing on questions of wate1: supply and on all 
questions pertaining to the utilization of the surface deposits 
in any vvay by the people. 'fhe reconnaissance in the Hudson 
and Champlain valleys determined the orig-in, distribution, and 
thickness of the Hudson River and Lake· Champlain clap. 
Facts were accumulated touching the extent and thickness of 
the clays and the distribution of the sands for tempering clays 
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in the manufacture of brick and terra cotta, and a way was 
prepared for the rapid mapping of these extensive deposits. 
These results are all of economic importance, as New York 
State stands sixth among the States producing valuable day 
products, and the Hudson Valley supplies a large percentage 
of the clay product of the St::tte. The accessibility of these 
clays to the market for the articles produced from them, the 
high price at which the clay lands nearest the market are held, 
and the probability of tl1o clay proving to boa valuable fertil­
izer for certain areas of dune sand along the Hudson, thus 
reclaiming those areas and making them profitable for cultiva­
tion, render the accurate rmtpping of these deposits desirable. 

In Penn§ylvania, Mr. II. B. Kumrnel mapped the Pleisto­
cene deposits of that portion of the Delaware Water Gap and 
Easton sheets which lies on the western side of the Delaware 
River, the portion on the eastern side having been previously 
mapped. 

The scientific results of this work, other than those imme­
diately implied in the mapping· of the formations, are chiefly 
the determination of the difference in age between the 
moraine which crosses the Delaware at Belvidere and glacial 
deposits found on the uplands extending some 25 miles more 
or less to the south of these, which arc much older. 

In Indiana, Mr. A. H. Purdue made a det~tiled map of the 
Pleistocene formations in the Iroquois Valley, embracing 
about 400 square miles. The chief scientific object soug·ht 
was the determination of the mode of origin of the sands 
which abound in that region and their significance· respecting 
the conditions which prevailed during the later Pleistocene 
period. The areal work will also be servicea,ble in delimiting 
the comparatively barren, sandy tracts, distinguishing them 
from the fertile, loamy tracts on the one hand, and from the 
marshy and meadow tmcts on the other. 

The services of Prof. R. D. Salisbury have been chiefly 
devoted to the investigations carried on by the State Survey 
of New Jersey under the system of cooperation: entered into 
between that Survey and the National Survey. He, however, 
gave a short time in June, 1896, to reconnaissance in the 
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territory immediately adjacent to the cities of New York and 
Philadelphia, with a view to rendering advice aml assistance 
in the detailecl mapping of these regions, in progress under 
Mr. Kiimmel and Mr. Knapp, respectively, and to secure a 
more perfect coordination with the work of the New J er:soy 
Survey. 

Mr. H. C. Cowles's work consisted principally in a search 
for fossils in tho inter-Glacial soils and vegetable beds of 
selected points in Iowa and Minnesota. 

Mr. Frank Leverett was employed chiefly in the preparation 
of a voluminous report upon a large area occupied by the Illi­
nois glacial lobe. A few short visits were made to different 
points of the field to obtain additional data. He also prepared 
a map, covering the whole of Illinois, showing the distribution 
of the drift formations. · 

Later in tlie yeai~-1\iii·:·-r-..-e~·erett n'lade ·an- important discovery 
with reference to the ancient drainage of the Virg·inias and east­
ern Kentucky. It has for some years been known that the vari­
ous streams constituting the upper part of the Missouri River 
once sent their waters toward the northeast, and that they were 
diverted in Pleistocene time by the great ice sheet whicli occu­
pied their lower valley:s and caused them to turn southeastward. 
It has aJso been known that the Monongahela and various 
branche:s of the Allegheny formerly discharged toward what 
is now the basin of Lake Erie, and were caused to unite in the 
formation of the Ohio River by a similar interference of the 
Pleistocene ice sheet Mr. Leverett has now found a pre-Glacial 
channel running fi·om the Ohio at Wheelersburg to the Scioto 
at Waverly, and brings to bear a variety of accessory data 
showing that the Kanawha, uniting with other streams in the 
western part of West Virginia and the eastern part of Ken­
tucky, ran northward toward Lake ~rie along a line partially 
coincident with the course of the south-flowing Scioto. This 
makes the Eocene drainage basin of the St. Lawrence include 
the head waters of the New River in northwestern North 
Carolina. 

The most important economic results of the work in Illinois 
contiist of (1) tho mapping of the soils and subsoils, which will 
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furnish a basis for a comparison of the results of farming and 
for the intellig-ent use of ::~gricultural processes, fertili,ers, etc., 
and (2) the collection and classification of very large ~mmbers 
of well sections, fi·om which important generalizatious respect­
ing· the underground courses and the possibilities of water 
supply are being deduced. 

Professor Chamberlin's personal work in field and offiee con­
sisted largely in the supervision of the work of his associates, 
which also embraced the study and criticism of reports sub­
mitted. About one month of his time was spent in the field 
in a study of the Pleistocene formations along the Illinois 
River between the drainage eanal and Lasalle. 

In the office Mr. Leverett was engaged for nearly five 
months, in the early part of' the year, in the preparation of a 
report on the Illinois glacial lobe. This work "\Vas suspended 
in~ December, in order that ·he~n-;igliC]:n:ei)ai·e; --ii~1(ler the imme­
diate direction of Mr. F. H. N mv'ell, the chief hydrographer, 
a special paper upon the water resources of Illinois, which 
paper was completed the last of April .and appears in Part II of 
this Annual Report. The other assistants were engaged from 
time to time in writing out their field notes and preparing data 
for study and publication. 

FmLD AND OFFH;~; WOltK BY THE OIRECTOH. 

'l'he field work of the Director is necessarily more or less 
desultory and largely of reconnaissance character, as it is im­
possible for him to obtain sufficient respite fi·om administrative 
duties to undertake either systematic or areal work. 

In July he visited Marthas Vineyard, Mass., to consult with 
Prof. N. S. Shaler in relation to his work in Rhode Island and 
to examine the drift deposits on the north shore of Marthas 
Vineyard. Numer(ms siliceous pebbles occur along the beach, 
that were tnmsported in Pleistocene time from Now England 
or farther north. 'L'he pebbles contain Cambrian fossils that 
are now known to occur only in the Cambrian rocks of Great 
Belle Island, Conception Bay, N 0\vfciundla.nd. A brief study 
was also made of the sand dunes on the southwestern coast of 
Rhode Island, and of tidal deposits on the same coast. 
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En route to the N orthwest,-in August, attention was given 
to observatious on the general features of the country, from 
Williston, N.Dak., westward on the line of the Great Northern 
Railway. Notes were made ou the geology and the possibili­
ties of irrigation in the Missouri Valley, fi·om ·williston west 
to Milk River, Montana. Sufficient was learned to indicate 
that the control and use of the waters of the Missouri for irri­
gation requi1;es the construction of extensive and elaborate 
works, and that, preliminary to this, first-class topographic 
maps should be made of much of the area of northeastern 
Montana and northwestern North Dakota. 

In company with Messrs. W. H. Weed and F. B. Weeks, a 
trip was made into the Neihart district by the way of Great 
Falls, the return being by White Sulphur Springs and Towns­
end to Helena. The district had been surveyed and mapped 
by Mr. Weed, and the Director's attention was given chiefly 
to the examination ·of several areas of doubtful pre-Cambrian 
rocks. A brief reconnaissance was made about Helena and 
along the line of the railroad from Helena to Butte, with refer­
ence to entering upon the mapping of this region in 1896. At 
Butte the Director was met by Mr. Emmons, and together 
they examined the Butte diRtrict, in order to arrange for its 
geological survey in 1896, the Rpecial topographic map being 
completed at the time of th(;l visit. 

From Butte the trip to Spokane, Wash., was made in day­
time, and notes were taken on the general geology along the 
line of the Northern P~wific Railway. As this region is entirely 
unmapped, even such a hurried glance will be of service iu the 
future in planning work. With Messrs. Emmons and vVeed, 
the Director next visited the Cceur d'Alene district of northern 
Idaho, stopping at Wallace, Burke, and Wardner. The mines 
of the district were found to occupy fissures in tL great ~eries of 
siliceous sh~tes and quartzites of Cambrian age. 

In September a reconnaissance was made, again in company 
·with Messrs. ·w ced and Weeks, of the region about Columbia 
Falls, Mont., and to the north and east, on the line of the 
Great Northern R.ailwav. The area examined included about 

. J 

1,200 square miles, the rocks of which were found to be largely 
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of middle and lower Cambrian age The clata 1;ecured in 
northern Idaho and northwestern .Montana show that more 
than 20,000 flfJHare miles of the area between the crest of the 
Hoddes and the one huuJred and seventeenth meridian, and 
47° 30' and 4!:l 0 north latitude, is underlain by the older Cam­
brian roch. It will he nece1;sary to map the Camr d'Alene 
and Lake MacDonald districts with great care before any reli­
able data can be secured that will be of value in the further 
development of their mining industries and those of districts 
yet unknown that may he concealed in this great forest­
covered area. 

From the examinations made in northern Idaho and about 
Spokane, Wash., it appears best to start with a base line near 
Spokane, aml thence push the work of mapping eastward across 
northern Idaho and northward up the Columbia, River Valley 
to the British boundary. 

In the office the study of the Cambrian faunas, which had 
been suspended in 18!14, was resumed. All the time that could 
be spared from administrative clutieR and the consideration of 
the numerous scientific questions that arif,e fi·om day to clay in 
the course of the general work of the Survey was given to the 
completion of a lhonograph on fossil Meclusre ano, during .June, 
to the study of the Cambrian fossils from thP Yellowstone 
National Park. 

The Director had the assistance in the office work of the year 
of Dr. William F. Morsell, stenographer and general assistant, 
and Miss .T ean P. Kaighn, confidential derk 

DIVISION OF PALEONTOLOGY. 

As iu the preceding year, several of the paleontologists were 
engaged in sef'uring paleontologic evidence in the field to assist 
the geologists in the determination of the various geologic for­
mations, for the purposes both of mapping the distribution of 
the rocks and of determining their vertical range ' 

Stanton p(trty.-Mr. T. W. Stanton cooperated with Mr. R T. 
Hill in the stmly of the Cretaceous rocks of uorthern Texas. 
Fossils wore collected from the section at Denison and at 
other important localities, including Preston, Gainesville, 
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Decatur, Granbury, Comanche Peak, aml Glen Hose The 
exposures about Fort Worth were also examined. A long 
journey was then made westward and southwestward from 
Austin to Brackettville, which gave Mr. Stanton an excellent 
opportunity to study the development of the entire lower Cre­
taceous Comanche series and the region about Fredericksburg, 
which was the seat of Dr. Roemer'::; early studies. Collections 
were made at various localities in the area of the Brackettville 
and N ueces sheets. 

A reconnaissance was also made by Mr. Stanton, in company 
with Mr. Vaughan, from Brackettville to Del Rio, and thence 
along the valley of the Rio Grande to Santa rromas, the 
return journey being by way of Carrizo Springs and Uvalde 
to Brackettville. The section examined on this journey 
begins in the Washita division of the -lower Cretaceous and 
extends through the upper Cretaceous, which has a great 
development here ana includes a coal-bearing horizon. There 
is another workable coal deposit in the supe1jacent Eocene 
rocks. A reconnaissance was also made by Mr. Stanton to 
the Cretaceous coal field of San Carlos, in Presidio County. 

The principal object of Mr. Stanton's work was to gain a 
definite pe!·sonal acquaintance with the stratigraphy and local 
development of variom; areas of the Texas lower Cretaceous 
rocks, and to make as large a collection of fossils from them 
as possible, preparatory to undertaking a monographic study 
of the Cretaceou::; faunas. Mr. Hill has studied the Creta­
ceous formations of Texas for many years, and his and Mr. 
Stanton's data will afford the material for a thorough and 
exhaustive report upon the Cretaceous rocks and faunas of 
the Southwest. 

On returning from the field, Mr. Stanton began the study of 
the lower Cretaceous fossils of the Texas region. This was 
continued at intervals to the close of the year, all the collec­
tions being properly recorded an~ numbered, a considerable 
proportion of them identified, and preliminary lists furnished 
to geologists for immediate use. Nearly all the species of 
cephalopods were critically studied and described He also 
continued the routine work of identifying fossih; and reporting 

17 GEOL, PT I-5 
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upon them for members and correspondents of the Survey and 
National Museum, and during the winter the card catalogue of 
type specimens of the Mesozoic invertebrate fossils of the 
National Museum was revised and brought up to date, with 
the assistance of Messrs. Charles Schuchert and William Whip­
ple, of .the Museum staff. He also prepared and submitted to 
the Director for his use a card catalogue of Mesozoic formation 
names that have been proposed in the United States and 
Canada, with brief definitions and synonymy. Considerable 
time was given also to the preparation of a paper on The 
Faunal Relations of the Eocene and upper Cretaceous on 
the Pacific Coast, which appears in Part I of this Annual 
Report. 

Hyatt party.-Prdf. Alpheus Hyatt was employed at intervals 
during the year in the revision of the manuscript of a treatise 
on the Cretaceous fossils collected in the Tucumcari region of 
New Mexico. The collections, together with descriptions and 
sections of the geology of the region, were subsequently for­
warded to Messrs. T. W. Stanton and R. T. Hill. At the request 
of the latter, Professor Hyatt also spent considerable time upon 
the revision of the remarkable and characteristic Cretaceous 
group of Ammonitinre, hitherto represented by the genera 
Buchiceras, Engonoceras, etc. This work was also laid aside 
for a time in ·order that Professor Hyatt might make a report 
upon a collection of fossils secured by Dr. Dall in Alaska, and 
this is appended to Dr. Dall's paper in Part I of this Annual 
Report. 

Dall party.-The report of Dr~ vV .. H. Dall's field work is 
given on a previous page, in connection with the work of Dr. 
Becker in Alaska. His assistant, Mr. Frank Burns, was at 
work in Texas, under instructions from Mr. Hill, to whom he 
had been detailed for the summer. In June, 1896, Mr. Burns 
was in the field near Suffolk, V a., collecting Tertiary fossils. 

Apart from the usual routine, Dr. Dall's office work con­
sisted in the preparation of the report, mentioned above, upon 
the coal ref?ources of Alaska, which comprises a summary of 
all that is known in regard to these deposits and a comparison 
of the coals with coals from other parts of the world. To this 
was added a summary of what is known of the paleontology 
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of Alaska, in the preparation of which Dr. Dall received con­
tributions from Messrs. Hyatt, Knowlton, and Schuchert. 

Dr. Dall next examined and made a preliminary report 
upon a large collection of Tertiary fossils obtained by Mr. J. S. 
Diller in Oregon and California, after which he prepared for 
the Director a correlation table, with proper references, show­
ing the subdivisions of the Tertiary in the various regions of 
the United States-Pacific region, Central basin, Gulf region, 
and Atlantic Coast-and their equivalents, so far as known, 
and, in the case of the larger groups, their European equiva­
lents also. Such' time as remained was employed in the study 
of the Tertiary fossils of the southeastern United States, in 
continuation of the work which has occupied much of his 
time for several years. 

TVard party.-Prof. Lester F. Ward was engaged in an 
investigation of the distribution of the fossil-plant remains of 
the lower Cretaceous and the Jurassic of the West. He first 
examined the Cretaceous rim on the east side of the Black 
Hills, where he secured some fine specimens of fossil cycads. 
His next investigations were in the vicinity of Gr8at Falls, 
Mont., whence he visited the coal-bearing beds lying between 
the Highwood and Little Belt mountains, making large collec­
tions of fossils from the various coal openings. 

On the 6th of August he joined Mr. Diller's party at Rose­
burg, Oreg. It was there arranged that he should be accompa­
nied and assisted in subsequent journeyings and investig11tions 
by Mr. James Storrs, until that time a field assistant with Mr. 
Diller. With Mr. Storrs, Professor Ward proceeded to Ono, 
Cal., and visited the region about that place and Horsetown, 
making collections in the Horsetown and Knoxville beds. 
Other collections were made on the banks of Cold Fork of 
Cottonwood Creek, some miles farther south, and in the 
vicinity of Lowreys and Elder Creek, and from the plant­
bearing slate at the Banner mine, 5 miles east of Oroville· 
Professor Ward then joined Mr. H W. Turner's party at 
Merced Falls. A careful search was made in the Mariposa 
slates for plant remains, but, owing to the fact that these slates 
are very extensively metamorphosed, only a few traces of such 
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remains were found. He next studied the Sequoia gigantea on 
the Mariposa Big Tree grant. rrhis genus formerly ranged 
over the entire continent eastward as far as the Potomac 
River, but it is now confined to two species found only on 
the Sierras and the Coast Range of California. It occurs 
abundantly in fossil form from the lower Cretaceous to the 
Pleistocene. 

Professor Ward's collections and studies will be of great 
service in the correlation of the Cretaceous and Tertiary strata 
of the Northwest, especially of those beds from which all other 
forms of life are absent. . i 1 

On returning from the field in Colorado, Professor Ward 
unpacked the collections made and prepared them for study. 
He then resumed and continued the detailed study of the 
cycadean trunks from the lower Cretaceous of Mary land and 
the Black Hills, and some time was given to the reading and 
correcting of proofs of the paper in the Director's Sixteenth 
Amiual Report entitled, Some Analogies in the Lower Creta..: 
ceous of Europe and America. 

Prof. William M. Fontaine, who was engaged at intervals in 
Survey work, completed a report on the lower Cretaceous 
flora _of the Hay Creek coal field (Black Hills, Wyoming), 
and transmitted it, with the collections, in March. He then 
took up for study the lower Ct:etaceous fossils collected by 
Professor Ward in Montana. 

Professor Ward was assisted in the offi~:e by Miss L. M. 
Schmidt, who continued, under his direction, the preparation of 
a. bibliography of paleobotany. _, 

Knowlton party.-Prof. F. H. Knowlton's field work was 
restricted in the fiscal year 1895-96 to the latter part of June, 
when he started for Colorado to collect fossil plants from the 
various coal-bearing series in the vicinity of Denver. The 
work .was hardly initiated before the fiscal year dosed. 

In the office a preliminary study was made of the fossil 
flora of the Yeliowstone N ation~l Park, and a report sub­
mitted in September, and this was followed by an exhaustive 
study of the same fauna, which was finished in April. The 
final report embraces 359 pages of manuscript and 45 quarto 
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plates, and will constitute a part of the monograpn on the 
park. This study is of much geologic interest and value, as 
it will serve to fix very definitely the age of the post-Laramie 
volcanic eruptions of the park. By the age of the plants it 
was found that the later, acid series of breccias is of Eocene 
(Fort Union) age, and the younger, basic breccias of Miocene 
(Auriferous Gravels) age. An intermediate age was also deter­
mined by the presence of some 30 species of flora which are 
regarded as of lower Miocene age. . 

Marsh party.-Early in the year Professor Marsh spent 
considerable time in the preparation of a chapter on the 
vertebrate fossils of the Denver region, for incorporation in 
the monograph on the Denver Basin, now in press (Mono­
graph XXVII). This memoir will be illustrated by nearly 
100 figures of characteristic vertebrate fossils, and in jt, is 
a summary of the characteristic fossils found in each geo­
logic horizon. He continued his study of the vertebrate 
collections made by him within the period from 1882 to 
1890, and, finding it necessary to examine the collections of 
dinosaurian remains in the European museums before complet­
ing his monograph, he visited Europe and inspected collec­
tions in the British Museum and in the museums of Holland, 
Brussels, Stuttgart, and Paris. On his return to An:"terica 
he resumed work on the monograph on the Sauropoda, which 
IS now nearly completed 

DIVISION OP CHEMISTRY. 

During the fiscal year 1895-96 the work of the ·Division of 
Chemistry was continued under the charge of Prof. F. W. 
Clarke, who was assisted by Dr. W. F. Hillebrand, Dr. H. N. 
Stokes, and Mr. George Steiger, with ~orne cooperation from 
Prof. Charles E. Munroe, of the Columbian University, and 

· Prof. L. V. Pirsson, of Yale. During the first half of the 
year Ptofessor Clarke was . absl3nt from Washington almost 
contin,uously, in charge of the exhibits of the Department of 
the Interior at the Cotton· S~ates and International Exposition, 
at Atlanta. After his return to ·washington he was largely 
occupied with administrative duties. 
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Apart from the routine work, little was done during the 
year. The purely scientific researches, which are so desirable, 
must give way to the analyses which are more immediately 
in demand. Still, Dr. Stokes made some progress with his 
investigations relative to the phosphoric acids, and will soon 
have some material ready for publication. 

The number of routine analyses completed during tte year 
is 395, and the work is now well up to date. Among the 
analyses reported were some large and important series, such 
as 32 rocks from the Gold Belt of California, 30 rocks from 
Montana, 12 rocks from Alaska, 12 complicated ores from 
Aspen, Colo., 21 limestones and dolomites from Colorado, 13 
borings from an artesian well at Key West, Fla., and 10 slates 
from Vermont and New York. There were also 85 coals, some 
of them from Oregon, some from Alaska, some from West 
Virginia, and some from Texas. 

DIVISION OF HYDROG·RAPHY. 

This division was continued in charge of Mr. Frederick H. 
Newell, whose permanent assistants were Messrs. Arthur P. 
Davis and Cyrus C. Babb. 

During the past year the work of this division has expanded 
unde; the larger opportunities afforded by an increased appro­
priation. Fidd work has been carried on in a manner similar 
to that of the preceding year, but a larger number of streams 
have been measured and a broader area has been covered by 
the investigations of underground waters and artesian wells. 
The field operations have been gradually differentiated into 
three classes of work, the first, of a somewhat strictly engineer­
ing character, having to do with the measurement of the sur­
face streams and the .consideration of water ·supply through 
storage of flood waters in reservoirs; the second, of a geologic 
nature, consisting of detailed examination of the underground 
structure and permeability of the water-bearing rocks, and 
the third consisting of general reconnaissance for obtaining 
information as to the methods of utilizing the water supply for 
power, irrigation, or domestic purposes. Each of these three 
classes of investigation requires for successful results men 
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specia11y trained. In addition to the permanent assistants, 
Messrs. Davis and Babb, the divisio_n has employed a number of 
skilled resident hydrographers, enumerated in a more detailed 
description given ,below. In the conduct of the second class 
of work, the investigation of the underground water supply, 
Mr. G. K. Gilbert has examined and reported upon a portion 
of the Great Plains, and field work with a similar object in 
view hal? also been carried on by Mr. N. H. Darton in North 
Dakota and South Dakota and by Mr. Robert T. Hill in Texas, 
as previously stated. The third class of investigation, consist-

. ing of general reconnaissance and study of methods of utiliz­
ing the water resources, has been carried on by Mr. Newell in 
connection with the office work, which has consisted largely 
of the preparatipn of reports and attention to the constantly 
increasing correspondence. 

In the following description of operations in various parts 
of the country an arrangement is adopted based in a broad 
way upon the physical conditions of the country and the 
method8 which have grown up in keeping the office records. 
First comes the humid region-the New England and North­
eastern States, those of the middle Atlantic slope and of the 
south Atlai1tic slope, and the States and portions of States 
lying at the head waters of the Ohio and upper Mississippi. 
In the next category are the States lying mainly within what is 
known as the subhumid region, these being mmally described 
in order from north to south, beginning with North Dakota 
and ending with Texas. Finally come the States of the arid 
region, these being discussed usually in alphabetic order, 
beginning with Arizona and ending with Wyoming. 

IIUMID REGION. 

Northeastern States.-An attempt has been made during the 
past year to bring together all available information con­
cerning the water resources of this part of the country prelim­
inary to making detailed measurements at important points. 
Although here there has been the greatest development of 
manufacturing interests dependent upon water power, there 
appears to be relatively a small amount of data, and this is 
widely scattered in the hands of individuals and corporations. 
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It is believed that by persistent effort valuable information 
can be obtained, which, when supplemented by field work, will 
exhibit not only the value of the water powers but also bring · 
to public attention many unutilized resources. 

Middle Atlantic Slope.-Within the Potomac basin, lying in 
the States of Maryland, Virginia, and West Virginia, a Jmm­
ber of river stations have been maintained tln:oughout the 
year. The work at these points was transferred by Mr. Babb 
to Prof. D. 0. Humphreys, of Lexington, Va., who has also 
established stations upon the James River and upon tributaries 
of the upper Ohio in West Virginia, and has made a generat 
reconnaissance and study of available water powers. 

South Atlantic Slope.-lu North Carolina and South Carolina 
the river work has been placed in the charge of Prof. J. A. 
Holmes, who, through the assistance of Mr. J. V. Lewis and 
later of Mr. E. W. Myers, has carried on work at a number of 
localities upon the Roanoke, Cape Fear, Y adkin, Catawba, 
French Broad, and other rivers. 

In Georgia, systematic measurements of the Chattahoochee 
River near Atlanta and of the Ocmulgee River near Macon wore 
begun by Mr. Cyrus C. Babb, and later were placed under the 
charge of Mr. B. M. Hall, hydraulic engineer, of Atlanta, Ga. 
A general reconnaissance has been undertaken by the latter 
and considerable information obtained, with the intention ulti­
mately of bringing together the scattered data and preparing 
a report upon the water resources of portions of Georgia, 
Alabama, and Florida. 

Upper Ohio and Mississippi.-The fields of operation of 
Professor Humphreys and Professor Holmes extericl ov~r the 
divide of the Alleghany Mountains, ~1 number of streams tribu-

, tary to the Ohio being measured or examined for preliminary 
reports upon the water power. Farth~r westward, wit~in the 
Mississippi Valley proper, the chief matter ~f public interest 
regarding water supply is the possibility of obtaining it in 
sufficient quantity and of suitable quality for domestic pur­
poses. As a consequence, a knowledge of tho possibilities of 
obtaining wells is of prime importance.· Toward satisfying 
the demands for knowledge, Mr. Frank Leverett has been 
employed in the preparation of a report upon the water 
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supply of Illinois. Data for his paper are based largely upon 
the results of studies of glacial phenomena, made by him dur­
ing several years under the direction of Prof T. C. Chamberlin. 
His conclusions, which relate not only to Illinois but to a por­
tion of Indiana, may be found in Part II of this Annual 
Report, and material has been obtainecl for a further discussion 
of the subject of water supply from wells of portions of Indiana 
and Ohio lying farther to the east 

SCBHUMID REGiON 

North Dakota and Sottlh Dakota.-In these States Mr. N H. 
Darton haR made a reconnaissance of the artesian conditions, 
mainly of the J arnes River Valley, beiug a8sisted in part by 
Maj. Fred F. B. Coffin. The results of this work nuiy also be 
found in Part II of this Annual Report. 

Nebraska.-The measurement of the streams of this State has 
been carried on by Prof. 0. V. P. Stout, of the State Univer­
sity, at Lincoln. He has brought about a general cooperation 
in such work, both with the State board of irrigation and with 
the university, resulting in ~Teater efficiency and economy in 
obtaining results of public value. Prof. Erwin N. Barbour has 
collected a large amount of information relating· to the wells of 
this State, but the funds available have not been sufficient to 
complete the preparation of this material for publication. 

Kansas -Arrangements have been made with the Kansas 
State board of irrigation, through the secretary, Mr. W B 
Sutton, by which the civil engineer of the board, Mr. W. G. 
Russell, has taken charge of many of the river stations estab­
lished by this Survey The observers at most of these points 
are paid out of the State appropriation. In addition to this 
work of cooperation, Prof. E C. Murphy, of the University of 
Kansas, has had charge of river stations in the eastern part 
of the State, and Prof. 0. P. Hood, of the State Agricultural 
College, has made measurements at a point not far from the 
experiment station. 

Texas.-The work of Mr R. T Hill in Texas is described 
on an earlier page. At his suggestion Mr. Cyrus C Babb has 
made a reconnaissance of some of the spring-fed streams, 
measuring these at the time of his visit. 
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ARID RE(HQN, 

Arizona.-A detailed examination of the water resources of 
a portion of the Salt River and Gila valleys has been made 
by Mr. Arthur P Davis, assisted by Mr. Cyrus C. Babb and 
Mr J. B. Lippincott. The primary object was to ascertain the 
water supply for the irrigation of ag·ricultural lands of the 
Gila River Indian Reservation, the amount of $3,500 having 
been allotted from the Indian funds for this purpose. As 
essential to this work, Mr. Davis obtained data concerning the 
water supply of this part of Arizona, with the intention of 
preparing a paper upon the general subject in addition to his 
detailed report for tho Indian Bureau. Systematic measure­
ments haye been made of the Gila River above Florence, and 
figures have been obtained regarding the flow of the Salt and 
Verde rivers. In addition, a few measurements have been 
made of the Colorado River at Yuma. 

Califorma.-'rhe river measurements in this State have been 
continued by Mr. J. R. Lippincott, assisted by Mr. John A. 
V ogleson, field work being conducted mainly in the San 
Joaquin Valley, and later, on account of the expense of rail­
road transportation, concentrated toward the southern portion 
of the State Mr. Lippincott prepared a detailed report upon 
the water supply of the areas exammed, which has been 
printed as a portion of Bulletin No. 140. 

Colorado.-The cooperation of the State engineer of Colo­
rado has been continued through the assistance given by Mr 
F. Cogswell, deputy State engineer. A number of river 
stations have been established and maintained in the southern 
and western part of the State, the expenses being paid by 
this Survey, while other river stations, located chiefly in 
the northern part of the State and accessible from Denver, 
have been supported mainly by the State engineer. The 
principal exception is the series of measurements made on 
Cache la Poudre River by Prof. L. G. Carpenter, of the Agri­
cultural College. In the Arkansas basin, Mr. G. K. Gilbert 
continued his geologic field work, having especial reference 
to the underground water supply. The results obtained by 
him have had immediate practical benefit, as shown by the 
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confidence with which deep drilling has been undertaken at 
varionR points. 

Idaho.-Mr. Gerald F. Sherman has had charge of the river 
stations in this State during the greater part of the year, heing 
succeeded upon leaving the State by Mr. Lyman B. Kendall, 
formerly an assistant hydrographer and later a topographer 
of this Survey. He is working in cooperation with the State 
engineer and is obtaining data not only of general value but 
of special application to the problems of this region. 

Montana -The active oversight of the field measurements in 
this State has been continued by Prof. A. M. Ryon, of the State 
Agricultural College. His operations have necessarily been 
confined to portions of the State easily accessible from Boze­
man and within the drainage basin of tributaries of the 
Missouri. 

Nevada.-During the early part of the year measurements 
were made at various points on the Truckee, Carson, Walker, 
and Humboldt rivers. During the winter a number of these 
stations were discontinued, and on removal of the resident 
engineer, Mr. L. H Taylor, to Battle Mountain, Nev., opera­
tions were concentrated at points along the Humboldt River. 

New Mexico.-The greater part of the examinations in this 
State have been along the Rio Grande, this stream being of 
interstate and international importance as regards questions 
of water supply. Besides the systematic measurements at des­
ignated points, Mr. P E. Harroun has made a study of the 
c0nditions of a portion of the Rio Grande Valley above Albu­
querque, his report being embodied in Bulletin No. 140. 

Oregon.-The investigation of the water supply of the ex­
treme eastern end of this State has been in the charg-e of 
Mr. G. F. Sherman, and later of Mr. Lyman B. Kendall, as 
previously mentioned under the head of Idaho. A recon­
naissance of a few points on the U rna till a River was made 
by Mr. Arthur P. Davis, but it was not found practicable to 
reestablish river stations 

Utah.-The rivers of the northern part of this State have 
been systematically measured by Prof. Samuel Fortier, of 
Logan, Utah, who has also made a thorough study of the 
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question of the return of seepage water, especially along 
the Ogden River. This work is of the utmost importance 
to the development of the agricultural resources of the State. 

Washington.--The observations of fluctuations of height of 
water in the Yakima River and some of its tributaries have 
been continued during a large part of the year, but owing 
to the difficulty of securing systematic measurements of dis­
charge, work has to a large extent been discontinued. The 
water supply of this part of the State is so large that public 
interest has not been manifested in the continuation of such 
investigations. 

VVyorn'ing.-Field work has been continued under the direc­
tion of Prof. Elwood Mead, State engineer, assisted by Mr. 
W. M. Gilcrest. The river stations are mainly upon the North 
Platte and its tributary, the. Laramie Hiver. In the northern 
part of the State, near Sheridan, Mr. Gillette has m.ade compu­
tations of the water supply in Goose Creek. 

LIST OF RIV~]RS MRASUR~]D. 

The following list gives, by drainage basins, the localities 
at which systematic measurements of rivers have been made. 
The list is arranged in a general geographic order, beginning 
with the drainage basins of the Atlantic Slope and· ending with 
those of soqthern California. ·At localities marked with an 
asterisk the work has been carried on, in whole or in part, at 
the expense of individuals or States. 

List of rivers systematically measnred in 1895-96. 

I Potomoo hooi"' 

River. State. 

South branch of Shenandoah River at Spring- West Virginia. 

field. 

Potomac River at Cumberland ... : ........ -~-- Maryland. 

Potomac River at Great Cacapon .............. ! vVes~ Virginia. 

North and South rivers at Port Republic ...... Virginia. 

Shenandoah River at Millville................ West Virginia. 

Potomac River at Point of Rocks............. Marylan<l. 

Potomac River at Chain Bridge..... . . . . . . . . . . District of Columbia. 

James River basin: 

North River at Glasgow....................... Virginia. 

James River at Buchanan..................... Do. 
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L1st of nvei'B systernatwally measu1 ed tn 1895-,96-Contmued 

River StatP I 
--~-t--1 

Eastern Korth Carolmanvers 

Dan and Staunton nvers at Clarksville ....... . Virgmia 

Capo Fear River at Fayettevill<' ............. . North Carolina. 

Yad1.Iu River at Holts burg .................. . Do. 

Catawba RIVer at Fort MilL.................. Do. 

Ge01g1a nvers 

Ocmnlgee River n,t MaC'on......... . . . . . . . . . . Georgia 

Chattahoochee RIVer at Oakdale.... .. .. .. .. .. l>o 

Ohw River tnbntanes: 

Greenbner River at Alderson .............. West Vugima. 

New River .1t Fayette. .. .. .. .. . . .. . .. .. .. .. . . Do 

French Broa<l River at Asheville .............. North Carolm,l. 

Texas riveis (Ieconnaissance). 

Colorado River at Anshn . . . . . . . . . . . . . . . . . . . . Texas. 

San Marcos Sprmg . . .. .. . . .. . . .. .. .. .. .. .. Do. 

Comal River . .. .. .. .. .. .. . .. . . .. .. .. .. .. .. .. Do. 

San Antomo an(l San Pe<lro Sprmgg. . . . . . . . . . . Do. 

Sabmal River .. . .. .. . .. .. .. .. .. .. .. . .. .. . . Do. 

Leona River.... . .. . . . . . . . . . . . .. .. .. .. .. . . .. . . Do. 

San Moras Sprmg .. .. .. .. .. .. . . . .. . . .. .. . .. . Do. 

San Fehpe Sprmgb... .... .... ...... ...... .... Do 

Upper Missoun hasm 

West Gallatm River at Salesville.... . . . . . . . . . Montana. 

Middle Creek above Bozeman . . . . . . . . . . . . . . . . Do 

Gallatm RIVer at Logan.... .. .. .. .. . .. .. .. .. Do. 

Madison River at Three Forks . . . . . . . . . . . . . . . Do . 

. Jefferson Rt ver at Sappmgton . . . . . . . . . . . . . . . Do 

Missonn R1ver at Townsend..... . . . . . . . . . . Do 

Big Goose Creek at Shendau ................. 'Vyommg. 

Platte basm · 

Laranne River at Woods Landmg 

Laramie R1ver at Uva .......... . 

North Platte River at Orm ..... . 

North Platte River at North Platte 

Wyommg. 

Do 

Do 

Nebraska. 

So nth Platte River at [Jeans bury·..... Colorado. 

South Platte River at Denver~...... .. .. .. .. .. Do. 

Bear Creek at Morrison•. ... .... .. . . .. ... . Do 

South Boulder Creek at Marshall'........ . . . Do. 

Boulder Creek at Boulder'. . . . . . . . . . . . . . . . . . Do. 

St Vra,m Creek at Lyons'.................... Do. 

North Loup River at St. PauL ................ Nebraska. 

Maldle Loup RIver at St. Paul ............... . 

Lonp River at Columbus .......... .. 

Do 

Do. 
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List of 11vers systematwally measu1 ed in 1895-96~Contmued 

~- ________ R_'v_"_' _____________________ I-----~--S-ta_t_e _________ 
1 ~~ basm--Contmued 

Platte Rtver at Columbus. ---------- ---- ____ Nebraska. 
Salt Creek at LIDcoln _ __ __ __ __ __ __ __ __ __ __ __ Do. 

Kansa~ basin 

North Fork of Republican River at Benkelman. Nebraska 

South Fork of Republican RIVer at Benkelman. Do 
Frenchman River at Wauneta .. ____________ _ 

Freuclunan Rt ver at Pahsade _ _ _ _ _ _ _ _ _ _ _ __ 

Republican Rtver at JunctiOn City __________ _ 

Solomon Rtver at Beloit ________ _ 
Sahne Rt ver at Beverly__ __ _ __ ____________ __ 

Smoky Hill Rtver at Ellsworth _____________ _ 

Blue Rtver at Manhattan __________________ __ 

Kansas River at Lawrence . _____ _ 

Arkansas basm. 
Arkansas Rtver at Gramte ____ _ 

Arkansas Rtver at Sahda _ _ _ _ _ _ 

Do 

Do 

Kansas. 

Do 

Do. 

Do 

Do 

Do 

Color.tdo. 

Do 
Arkansas Rtver at Canyon____ _ _ _ _ _ _ ___ __ _ __ Do 

Arkansas Rtver at Pueblo .. ____ __ __ __ __ _ _ Do 

Arkansas Rtver at La .Junta._________________ Do 
Arkansas River at Holly____ __ __ __ __ __ __ __ __ __ Do 

Arkansas River at Hutchinson __ __ __ __ __ __ __ _ Do 

Verdtgrts River at Ltberty __ __ __ _ __ __ __ __ _ __ Kansas 

Neosho River at lola___ __ __ __ __ __ __ _ __ __ __ __ Do. 

Medtcme River at Kwwa. ____________ . __ __ __ __ Do 

Cimarron River at Arkalon. _ _ _ _ _ _ _ ___ _ __ ___ _ __ Do 

Mora Rtver at Watrous ... _______________ New Mexico 

Rto Grande basm: 
Rw Grande at Dd Norte ________ -- ____ . ______ New MexH.o. 
Rio Grande at Alamosa _ _ _ _ _ _ _ _ _ _ _ _ _. _ _ _ _ _ _ Do. 

Rio Grande at Embudo __ _ _ __ _ __ _ __ __ __ __ _ __ _ Do. 

Chama Rtver at Abiqum __ _ __ __ __ __ _ __ _ __ __ Do. 

Rto Grande at Rw Grande. _______ _ Do. 
Rto Grande at San MarCiaL Do. 
Rw Grande at El Paso______ __ __ _ _ __ __ __ __ _ Texas 

Colorado basm-
Grand Rtver at Granll JunctiOn_____ _ _ _ _ _ _ _ _ _ Colorado. 

Uncompahgre River at Fort Crawford. _______ _ 

Gunmson Htver Fort Crawford _ _ _ _ _ _ _ _ _ _ _ __ -~ 
Grand River at Gtand Junf'tton. ___________ _ 

Do lot es Rt ver at Dolores __ __ _ __ __________ __ 

I ~an Miguel Rtver at Seymour _ _ _ _ _ _ _ _ _ _ _ _ __ _ 

Lan Juan Rtver at Arboles ... _______________ __ 

Do 

Do 

Do. 

Do 

Do 

Do. 

I 

_j 
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L1st of ?IVers systematwally measured tn 1895-96-Contmued. 

~--- -·---------------;---------. 

Stat.c 

Colorado basm-Con tinned. 

Piedra River at Arboles ...... . Colorado 

Animas River at Durango ... 

Green River at Green River..... . .......... . 

\Vhite R1ver at \Yhite River ..... 

Green R1ver at Blake . . . . . . . . . . . . .... 

Do 

Wyommg 

Colorado 

Utah 

Gila River at Buttes .... . 

Colorado River at Yuma .............. . 

Interwr basm · 

Truckee River at Tahoe ..................... . 

Carson River at Empire ................ ----1 
Walker River at Nordyke .................. . 

Humboldt River at Elko ................... . 

Humboldt River at Golconda ............... . 

Humboldt R1ver at Oreana ................. . 

An zona 

Do 

Nevada. 

Do. 

Do. 

Do. 

Do. 

Do. 

Be.:tr River at Battle Creek... . . . . . . . . . . . . . . Idaho 

Bear River atCollm~on ...................... Utah. 

Ogden River at Og•len.... .... .... ...... .... Do. 

Weber River at Umta .......... ------ .... ... Do. 

Provo River at Provo......................... Do. 

Columbia basm · 

Bmse River at Boise .. _....................... Idaho 

Bmse River at Caldwell...................... Do. 

Payette River at Payette.................. . Do. 

Weisel River at Weiser....... ..... ...... ... Do. 

Bureau River at Grancl VIew*.... . . . . . . . . . . . . Do. 

Snake River at Montgom<'ry Ferry..... ...... Do. 

Owyhee River at Nyssa .. 

Malhenr River at Vale ........... __ .......... . 

'Naches River at North Yakima ............... . 

Yakima River at UmonGap .... . 

TopmiHh Creek at Topmish ..... . 

Satas R1ver at Satas ..... 

Oregon. 

Do 

Washmgton. 

Do 

Do. 

Do. 

TakimaR1verat Kwna .... ................. Do. 

Sacramento and San J oaq mn basm 

Sacramento RIver at Red Bluff... . . . . . . . .. . . Cahforma 

Port TeJon Creek~........................... Do 

Salt and San EmHho Creeks* .... 

Pastoria Creek •.. . . . . . . . . . . . . . . . .......... . 

Tums Creek • . . . . . . . . . . . ...... _ .......... . 

TeJon House Creek at Tejon House ........... . 

Ranrher1a Creek • ..... 

Caliente Creek* .......................... .. 

Do. 

Do 

Do. 

Do. 

Do. 

Do. 
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List of rivers BlfBiematically measured in 1895-96-Continued. 

1

--- "'"·· ,~~ I 
Sacramento and San Joaquin basin-Continued. 

Kern River above Bakersfield ' . . . . . . . . . . . . . . . California. 

Kings River at Kingsuurg............. . . . . . . . . Do. 

Kings River at Red Mountaiu.............. .. . Do. 

San Joaquin River at Herndon ............. _.. Do. 

Fresno River ................ ------ ...... .... Do. 

Merced River .. __ .... -~-...................... Do. 

Tuolumne Hiver at Modesto . . . . . . . . . . . . . . . ... Do. 

Tuolumne Rh·er at Lagrang · _____ . .... ...... Do. 

Stanislaus River at Oakdale . . . . . . . . . . . . . . . . . . Do. 

Mokelumne River at Lodi .... .... .... .... .... Do. 

Southern California streams: 

San Gabriel River at Azus<t............. .. . . . . California. 

Mohave River----· ..... ...... ...... .... .... Do. 

Whitewater Hiver' .................... __ . .. Do. 

Santa Ana River' ...... -.----- ...... ------.... Do. 
San Luis Rey River- . .. .. . .. .. .. . .. __ .. __ ... Do. 

Sweet\\ ater Ri vcr • .. .. .. .. .......... __ .. __ . Do. 

REPORTS PREPARED. 

The results of the field work of the Division of H ydrog­
raphy for the calendar year 1895 have been printed as Bul­
letin No. 140. This gives, without illustrations, the observa­
tions, measurements, and results of computations, the material 
being printed at the earliest opportunity in order to make the 
data available for general use. The papers by Messrs. G. K. 
Gilbert, N. H. Darton, and Frank Leverett have been men­
tioned. These relate respectively to the underground water 
~upply of eastern Colorado, the Dakotas, and Illinois. Mr. 
R. T. Hill is preparing a paper on the water supply of 
Texas. In addition to these, preparations have been made for 
publishing a series of short reports giving the results of stream 
measurements, the ways of utilizing the water resources for 
power and irrigation, the conditions governing the occurrence 
of- water underground, the methods of obtaining this by 
pumps or other devices, and also of storing and applying it to 
agricultural uses. A number of these papers are in prepara­
tion and the data for others are being obtained. 
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DIVISION OF MINERAL RESOURCES • 

. The work of the Division of Mineral Resources, under the 
eharge· of Dr. David T. Day, consisted mainly, during the fis­
cal year just closed, in the correspondence necessary to the 
gathering and compilation of the statistical data for the calen­
dar year 1895 and in the prepanttion of the report embodying 
those data, which is published as Part III of this Annual Report. 

In pursuance of the authority conferred by Congress for the 
immediate and separate publim"ttiou of the various chapters of 
the report on mineral resources, several of the chapters of the 
report for the year 1895 are now in the hands of the printer, 
and in addition a tabular statement of the totals of the several 
mineral products was issued before the dose of the fiscal year. 
Besides tho work involved in the collection and compilation of 
statistical data, considerable time was given during the year to 
the preparation of replies to demands for technical information 
touching the conditions of occurrence and uses of the vatious 
useful minerals found in the United States. Two weeks of 
the spring of 1896 were occupied by Dr. Day in an inspec­
tion of certain now localities in northern Floric!a and south­
ern Georgia where fuller's earth has become an important 
article of shipment within the last year. The examination 
was extended into other parts of F:lorida, and some valuable 
deposits were discovered in the neighborhood of Ocala aud 
Tampa. Similar deposits in North Carolina and Virginia were 
also examined. Comparative tests were made to establish the 
relative values of these several American prouucts and the 
stanuard English fuller's earth. 'l'he results of the inquiry 
are embodied in Part III of this Annual Report. A sample 
from a deposit in South Dakota was tested along with the 
other samples, and will be referred to in tho same connection. 

Dr. Day was assisted in tho work of the division through­
out the year by Messrs. E. W. Parker, W. A. Raborg, and 
Jefferson Middleton, and for longer or shorter periods by a 
corps of statistical experts, employed temporarily. 

The total value of the mineral products of the United States 
for the year 1895 increased nearly $100,000,000 beyond that 

17 GEOL1 P'l' I--ti 
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of 1894, or from $527,144,381 to $622,122,708. This increase 
is a long step toward recovery from the depression to which 
the mineral industry, like all others, has been subjected. The 
total value is slightly less than the greatest ever known, which 
was over $648,000,000, in 1892. In terms of quantities pro­
duced, instead of value received, 1895 is greatest. In other 
words, prices are lower. 

If one considers the total values recorded in these reports 
since 1880, the increase from $369,319,000 to $622,122,708 
is significant, and while it is impossible to select any year as a 
normal one from which to note increases and decreases, and to 
record the permanent increase in the mining industry, still the 
average for these sixteen years gives a fair approximation to 
what our normal mineral product should have been halfway 
between these dates, or in 1888. Comparing this computed 
normal product with the actual products, one sees that the 
average yearly gain due to the general growth of the industry 
should be about $25,000,000, or the product of 1895 should 
have been $670,000,000. The great products of 1892 and 
1895 show the ease with which the mines can respond to any 
unusual demand. They show tliat the capacity is significantly 
greater than the ability to market the product; in fact, it is 
difficult to co:&fine the large capacity to actual requirements. 
With very slight encouragement the product takes a phenom­
enal stride. In 1892 and 1895 the product most difficult to 
hold in check has been iron. This product easily controls the 
variations in the total value, either by the quantity produced 
or by the changes in price. While the coal product is so great 
as to make a significant faqtor in the total value, it is much 
steadijjr, and this in spite of the extra demand for it in order 
to produce any extra supply of iron. The increased output of 
iron in 1895 was necessary because of the great retrenchment 
in 1894. The railroads ordered as little iron as possible in that 
year, but ordered freely in 1895, to take advantage of prices 
while they were still low but advancing. This advance was 
a marked industrial feature of the year, and continued till 
September. 

The United States shared in the general increase in gold 

/ 
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production, the increase being shown in nearly all the gold­
producing States, but coming principally from Cripple Creek. 
and other new camps in Colorado. The gain in the quantity of 
petroleum, but especially the phenomenal increase in its price, 
was one of the great features of the year. 

METALS. 

Iron and steel.-'l'he declining tendency in production in 
1894, noted in the previous report, was changed in 1895 to 
one of the must remarkable increases in the production of pig 
iron known in the history of the in.dustry in the United States, 
it being from 6,657,388 long tons in 1894 to g,446,308 tons 
in 1895, or nearly 42 per cent. This is the largest product 
ever attained in this country, the nearest approach to it being 
in 1890, when the output was 9,202, 703 tons. The value also 
increased from $65,007,247 in 1894 to $105,198,550 in 1895, 
or from $9.76 to $11.14 per ton. The value per ton in 1890, 
the year of nearest approach to 1895, was $16.43.' 

Iron · ores.-The production of iron ores in 1895 was 
15,957,614 long tons, valued at $18,219,684, as compared 
with 11,879,679 long tons, :with a value of $13,577,325, in 
1894. Twenty-five · States and Territories contributed to 
make up this total in 18\J5, an amount exceeded only by the 
outputs of the years 1890 and 1892. A comparison between 
the quantities reported indicates an increased production in 
1895 of 34 33 per cent on the total for 1894, and with but six 
exceptions all of the iron ore producing States participated in 
this advance. Owing to contracts that were made in advance, 
the average price per ton of iron ore was not so high in 1895 
as in years previous to 1894, but the value per ton in 1896 
bids. fair to be much higher. 

Steel.-The total value of all forms of steel in the United 
States in 1895 was $117,500,000. Of this total $31,640,000 
was for steel rails and $85,860,000 for other· forms of steel. 
The value of the steel other than rails is that for the raw and 
intermediate forms, not for the most finished forms. 

Lirnestone for iron flux.--This product naturally followed 
the course of the iron industry and showed a large increase, 
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or from· 3,698,550 long tons in 1894, worth $l,849,275, to 
5,247,949 tons in 1895, worth $2,623,974. 

Gold and silver.-The steady increase in the gold product of 
tho Unite.d States since 1892 was kept up during 1895, increas­
ing from 1,910,816 ounces in 1894 to 2,254,760 ounces in 1895. 
The value of these products was $39,500,000 and $46,610,000, 
respectively. The production of silver also increased from 
49,501,122 ounces in 1894 to 55,727,000 ounces in 1895, with 
coining values respectively of $64,000,000 and $72,051,000. 

Copper.-Coppt'r production followed the upper tendency of 
the other metals and increased from 354,188,37 4 pounds in 
1894 to 380,613,404 pounds in 1895. The value increased 
from $33,141,142 in 1894 to $38,682,347 in 1895. All of the 
foregoing was fi·om domestic ores. In addition, 10,678,434 
pounds in 1894 and 12,026,560 pounds in 1895 were produced 
from imported pyrites. 

Lead.-The production of lead increased from 159,331 short 
tons in 1894 to 161,440 in 1895. The value in 1894 was 
$9,942,254 and $10,655,040 in 1895. 

Zinc.-The rapidly increasing product of this metal, which 
was checked in 1893 and 1894, was resumed in 1895, when 
89,686 short tons were produced, worth $6,278,020, as com­
pared with 75,328 short tons in 1894, worth $5,288,026. 

Qzticksilver.-The increase in production noted in 1894 was 
continued in 1895, the figures being 36,104 flasks in 1895, as 
compared with 30,416 flasks in 1894. The value of this product 
increased from $934,000 in 1894. to $1,33·7,131 in 1895. 

Manganese.-The production of manganese ore increased 
from 6,308 long tons in 1894 to 9,547 in 1895. This increase 
came mostly from two States, Arkansas and Georgia; these 
alone producing more than the entire product of 1894. The 
Virginia product continued to decline. The manganiferous 
iron-ore product declined quite markedly in 1895, or from 
205,488 long tons, valued at $408,597, in 1894, to 125,729 
long tons, valued at $233,9HS, in 1895. The manganiferous 
zinc ores increased in quantity and value in 1895. 

Alwninum.·--Aluminum continued its increased product in 
1895, the quantity rising from 550,000 pou!1ds in 1894 to 
920,000 pounds in 1895. The value increased froni $316,250 
in 1894 to $464,600 in 1895. 
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Antimony --The antimony product increased from 200 short 
tons in 1894 to 450 tons in 1895, and the value from $36,000 
in 1894 to $68,000 in 1895. The product was from California, 
·Nevada, and Montana. This includes the metal produced 
from imported ol.·es, there having been but 86 tons of domestic 
ore raised during the year. 
" Nickel.-The product of nickel in the United States in 1895 
increased slightly over that of 1894, or from 9,616 pounds to 
10,302 pounds, w.hile the value decreased from $3,269 in 1894 
to $3,0!.)1 in 1895. 'rhe Nevada and Oregon mines are still 
nonproducers. There are vague reports of new deposits in 
Minnesota, and two companies have been organized to develop 
them. 

Tin-No tin was produced in tho United States in 1895. 
Plattnum.--'rhe platinum product, all of which come::; from 

the Pacific Coast, continues small, though there was a slight 
increase in the product-from 100 ounces, worth $600, in 
1894 to 150 ounces, worth $900, in 1895. 

~'UELS 

Coal.-The total product of coal of all kinds in 1895 was 
172,426,366 long tons, or 193,117,530 short tons, compared to 
152,447,791long tons, or 170,741,526 short tons, in 1894, an 
increase of 22,376,004 long tons, or 25,061,124 short tons, 
or 13 per cent. The value of the product increased from 
$186,141,564 to $197,769,043, a gain of $11,627,479, or 
about 6 per cent, showing that the percentage of increase in 
value was less than half of that of the increase in product. 
The product in 1895 was made up of 51,785,122long tons 
of Pennsylvania anthracite (against 46,358,144 long tons in 
1894), valued at $82,019,272, and 120,641,244 long tons of 
bituminous coal (against 106,089,64 7 long tons in 1894), 
valued at $115,749,771. The bituminous product includes 
scattering lots of anthracite from Colorado and New Mexico. 

The year was marked by a production considerably in excess 
of the market demands, and values were much reduced in 
.consequence. The average price obtained for the anthracite 
coal marketed was $1.72 per long ton at .the mines, against 
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$1.85 in 1894 and $1.94 in 1893. In arriving at this average 
price the amount of coal consumed at the collieries is not con­
sidered. This factor consists of culm or slack which would 
otherwise be thrown on the dump or wasted. In determining 
the value of bituminous coal, all the coal mined and sold or 
used is included. The average price for this product shows a 
decline from 91 cents per short ton in 1894 to 86 cents in 1895. 
This decline in value was general throughout the United States, 
there being three or four comparatively unimportant States 
where the value was larger in proportion in 1895 than in 1894 .. 

Petroleum.-The most notable features in conn~ction with 
the prod_uction of crude petroleum in 1895 are: (1) The nota­
ble increase in production, especially in Ohio, Indiana, and 
California; (2) the decrease in stocks; (3) the rise in prices, 
and ( 4) the extension southward of the profitable producing 
districts in the Appalachian Range. 

Briefly summarized, the facts regarding these four features 
of 1895 are as follows: 

1. The production of petroleum in the United States increased 
from 49,344,516 barrels in 1894 to 52,983,526 barrels in 1895, 
most of the important producil{g districts sharing in this · 
increase. The production of Pennsylvania increased from 
18,077,559 barrels in 1894 to 18,231,442 barrels in 1895, an 
increase of 153,883 barrels, or 0.85 of 1 per cent; of Ohio 
from 16,792,154 in 1894 to 19,545,233 barrels in 1895, an 
increase of 2,753,079 barrels, or 16.4pereent. · This increase 
in Ohio was fairly distributed throughout the two important 
producing districts. The production of Indiana increased 
from 3,688,666 barrels in 1'894 to 4,386,132 barrels in 1895, 
an increase of 697,466 barrels, or nearly 19 per cent, while 
the production of California, owing to the new discoveries at 
Los Angeles, increased from 705,969 barrels in 1894 to 
1,208,482 barrels in 1895, an increase of 71 per cent, the 
largest percentage increase of any of the States. 

2. The stocks of crude petroleum in the Appalachian oil 
field at the close of 1895 were 5,344, 784 barrels, as compared 
with 6,499,880 barrels at the close of 1894. The largest stocks 
at the close of any one month in 1895 were 5,859,348 barrels 
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in January, as compared with 11,755,219 barrels, the largest 
stocks il} 1894, which were also at the close of January. The 
smallest stocks at the close of any one month in 1895 were 
those of June, the stocks being 4,275,506 barrels, while the 
smallest stocks at the close of any one month in 1894 were 
those of December, as noted above. The average stocks at 
the close of each month in 1895 were 4,879, 770 barrels. 

3. The average value of certificate oil in the Pennsylvania 
field h1 1895 was $1.35~, as compared with 83~ cents in 1894. 
This is the highest average' price since 1877. The highest 
average price during any one month in 1895 was $1.79, in April; 
the lowest, 99 cents, in January. In the Lima field the avemge 
price advanced from 48 cents a banel in 1894 to 71! cents in 
1895. The total value of the 49,344,516 barrels produced 
in the United States in 1894 was $35,522,095, or nearly 72 
cents a barrel, while the total value of the 52,983,526 barrels 
produced in 1895 was $57,691,279, or about $1.09. 

Coke.-The total product of coke in the United States in 
1895 was 13,333,7 41 short tons, as compared with 9,203,632 
short tons in 1894. These two amounts represent the largest 
and smallest product of coke in recent years. The fluctuation 
was caused by the decline and rise of the pig-iron product, in 
the manufacture of which almost the entire coke output is 
consumed. The production of coke-smelted iron, or of iron 
smelted with a mixture of coke and a1ithracite, increased from 
-6,314,891long tons in 1894 to 9,164,365 tons in 1895. 

Natural gas.-This is one of the few important mineral 
products which showed a decline in value in 1895. The value 
decreased from $13,954,400 in 1894 to $13,006,650 in 1895. 
Among the notable features may be mention~d: 

1. The decreasing pressure in all the natural-gas fields, but 
·greatest in Pennsylvania. 

2. Resulting from the above: A large falling off in the 
product of gas per well, which has led to a great. increase in 
the number of wells, so as to maintain the supply. 

3. The life of each well has been greatly shortened. In 
some cases in western Pennsylvania the average life of a well 
is only six months. 
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STHUCTURAL MATERIALS. 

Stonc.-The value of the total product of stone of all kindR 
decreased from $37,055,030 in 1894 to $34,688,816 in 1895. 
All varieties except sandstone participated in thiR decrease. 

Soapstone.-The production of soapstone in the form of 
slabs, etc., in 1 895 amounted to 21,495 short tons, valued at 
$266,495, which was a decrease from 1894, when the product 
was 23,141 tons, valued at $401,325. Tho production of 
fibrous talc ahw showed a slight decrease, or from 39,906 short 
tons in 1894, worth $435,060, to 39,240 short tons, valued at 
$370,895, in 1895. 

Clays.-The value of the brick clays aggregated $9,000,000, 
practically the same as in 1894. The product of all other 
clays, i. e., potters' clays, amounted to $800,000, showing no 
essential change from 1894. The value of the clay products 
in the United States in 1895 was $66,319,806, as compared 
with $64,575,385 in 1894. 

Fullers' earth.-This variety of clay was discovered in con­
siderable quantity near Quincy, Fla., and began to compete 
with the imported material for filtering oils. Six thousand 
nine humh·ed tons were produced up to, the close of 1895, 
worth $41,400 at the point of shipment. Other deposits have 
been located near B.iver Junction, and near Ocala and Tampa, 
Fla;. . Extensions of the Quincy deposits have been found 
along the creeks to the north near Whigham, Ga., and ile­
posits, the value of which has not yet been established, ha;ve 
been noted in North Carolina, Virginia, and South Dakota. 

Cernent.-N atural rock ·cement showed the same slight 
increase which it1 diu in 1894, from 7,563,488 barrels (of 300 
pounds each), worth $3,635,731, in 1894, to 7, 741,077 barrels, 
worth $3,895,424, in 1895. Meanwhile the Portland .cement 
·industry progressed markedly, from a product· of 798,757 
barrels in 1894, worth $1,383,473, to 990,324 barrels in 1895, 
worth $1,586,830. The number of works decreased from 24 
to 22. 

A. BRAS! V~~S. 

Millstones.-These increased from a value of $13,887 m 
1894 to $22,542 in 1895. 
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Grindstones.-This industry shows a slight decline, fr01n a 
value of $223,214 in 1894 to $205,768 in 1895. 

Corundtun and emery.-The year 1895 shows an increase 
froni 1,495 long tons, in 1894, worth $95,936, to 2,102 tons; 
worth $106,256. The industry is still governed largely by 
the importation of low-priced emery from Asia Minor. 

Oilstones.-There is little change iu the trade, the old sources 
of supply increasing the product slightl)c-from a value of 
$136,873, in 1894, to $155,881, in 1895. . 

CHEl\liCA L MATERIALS. 

Phosphate rock.-In 1895, for the first time, the product 
reached a million long tons (1,038,551 ), worth $3,606,094. 
The chief feature of interest is the :fierce competition of the 
river-pebble deposits on Peace River in Florida. It is proba­
ble that the present low prices will gradually rise this year. 
Phosphate rock from western Tennessee has become a perma­
nent factor in the vV estern trade. 

Gypsum.-This product increased from 239,312 short tons 
in 1894 to 265,503 tons in 1895, with about a constant price. 

Salt.-The principal feature of interest was the discovery of 
a very thick deposit of rock salt on.Orange Island, Louisiana, 
near the old mines of A verys Island. The total product of salt 
in the United States increased from 12,967,417 barrels in 1894 
to 13,669,649 barrels in 1895, but the total value decreased 
from $4,739,285 to $4,423,084. · 

Bromine.-The industry shows an increase. Including ~he 
bromine in bromide of sodium, made directly, in 1895 the 
total product was 517,421 pounds, worth $134,343. In 1894, 
379,444 pounds were made, with a proportionate value. 

Sulphur.-The point of principal interest is Sulphur Station, 
La., where the efficiency of the Frasch process has been 
increased by an air-lift pump by which 2,000 or 3,000 tons 
were brought to the surface, partly in 1896, but not yet sold. 
In addition, ~he Utah deposits sold about 1,000 tons .. 

Pyrite.-This industry shows· a decline from 105,940 lor1g 
tons in 1894 to. 99,549'tons in 1895 . 

. Borax.-'-The product declined from ·14,680,130 pounds iii 
18911 to 11,918,000 in 1895, with a similar decline in value. · 
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Fluorspar.-The product decreased in two years from 
12,400 short tons in 1893 to 4,000 tons in 1895. 

Chromic iron ore.-The product declined from 3,680 long 
tons in 1894 to 1,740 tons in 1895. The greater supply is 
imported from Smyrna, but there are prospects of some future 
imports from Canada. 

PIGMENTS. 

Barytes.-The product declined again, or from 23,335 long 
tons, worth $86,983, in 1894. to 21,529 long tons. worth 
$68,321, in 1895. 

Metallic paints.-The product shows a substantial increase, 
both in amount and value, over 1894. rrhe produet in 1895 
was 28,859 short tons, valued at $319,142, against 25,375 short 
tons, valued at $284,883, in 1894, a gain of 3,484 short tons, 
or about 14 per cent in amount, and of $34,259, or some­
thing over 12 per cent in ·value. 

Ocher, ~tmber, etc.-The product of ocher increased in nearly 
the same proportion as that of metallic paint-from 9, 768 short 
tons in 1894, valued at $96,935, to 12,045 short tons, valued 
at $139,328, in 1895, a gain of 2,277 short tons, or about 23 
per cent in amount, but of $42,393, or more than 43 per cent 
in value. The production of umber increased from 265 short 
tons, valued at $3,830, to 320 short tons, valued at $4,350. 
The sienna output increased from 160 tons to 275 tons, with a 
value more than doubled-from $3,250 to $6,950. The 
ampunt of soapstone ground for pigment increased to 270 
short tons, valued at $3,200, from 75 tons, worth $525, in 
1894. Pigment from slate increased from 2,650 tons to 4,331 
tons. 

Venetian reds.-A production of 4,595 short tons, valued at 
$102,900,.is reported for 1895, against 2,983 short tons, worth 
$73,300, in 1894. With the exception of 1892, this was the 
largest product ever reported. 

Cobalt oxide.-The product is limited to the amount extracted 
from the speiss obtained in lead smelting. It amounted to 
14,458 pounds, worth $20,675. 

Zinc white.-The production rallied from 19,987 short tons, 
worth $1,399,090, in 1894, to 20,710 tons, worth $1,449,700, 
in 1895. · 
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MISCELLANEOUS. 

Precious stones.-The rough gems of domestic production 
were valued at $113,621 in 1895, against $132,250 in 1894. 

Mic~.-'1'he industry continues in the unsatisfactory con­
dition mentioned in the preceding. rep.ort, though the value of 
the product was slightly in excess of that of 1894. The mines 
yielded 44,325 pounds of cut mica, valued at $49,218, and 148 
tons of scrap mica,· worth $5,450. Added to this. was about 
40,000 pounds of small-sized shoot mica, worth $1,163, making 
a total value for the product in 1895 of $55,831. The value 
of all kinds of mica produced in 1894 was $52,388. 

Feldspar.-The product increased 35 per cent, or from 17,200 
long tons, worth $98,900~ in 1894, to 23,200 long tons, worth 

. $133,400, in 1895. 
Flint.-The flint used in pottery, etc., in 1895 amounted 'to 

36,-800 long tons, worth $117,760. 
Asphaltum.-The value of the product was about the same 

in 1895 as in 1894, being $348,281 and $353,400 respectively. 
This, taken in connection with an increase in output from 
60,570 short tons to 68,163 short tons, indicates a sympathy 
with the general depression in values. The product was from 
California, Kentucky, Texas, and Utah. 

Infusorial earlh.-The product in 1894 was small, having a 
value of but $11,718, little more than half that of 1893. 
Better conditions prevailed in 1895, and the value of the 
product advanced to $20,514. 

Asbestos.-Owing to the development of asbestos mines in 
Georgia, the product increased considerably, notwithstanding 
a large decrease in California's output. The product in 1895 
was 795 short tons, worth $13,525, against 325 tons, valued at 
$4,463, in 1894; The Wyoming properties have not yet 
assumed comm.ercial importance. 

Magnesite.-· -This product still comes from California, and 
increased from 1,440 short tons, worth $10,240, in 1894, to 
2,200 short tons, worth $17,000, in 1895. , 

Mineral waters.-The product was almost stationary, i. e., 
21,569,608 gallons, sold at $3,741,846, in 1894, and 2.1,463,543 
gallons in 1895, which sold at the higher value of $4,254,237. 
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Metallic products of the United States in 18.95. 

b. Pr~duct. __ -j-~~j 

I 

Pig 1ron ......................... Ion~ tons .. 

Silver ......................... troy ounces .. 

Quantity. _Value. I 
9,446,308 $105, 198, 550 

55,727,000 a 72, 051, 000 
Gold ................................ ,do ... . 2,254,760 a 46, 610, 000 
Copper ............................ pounds .. 3fl2, 639, 964 38,682,347 
Lead ........................... shorL tons .. 161,440 10,655,040 
Zinc ................................. do .. .. 89,686 6,278, 020 
Quicksilver ......................... flasks .. 36, 104 1, 337, 131 

,Aluminum ......................... pounds .. 920,000 464,600 
Antimony ...................... short tons .. 450 68,000 
Nickel. ............................ pounds.. 10,302 3, 091 

I Platinum ..................... troy ounces.. 150 ~~ 

L ___ Total ................................ 
1 

............. ~- 281,3~ 

a Coining value. 

Nonmetal~ic p1·oducts of the United States in 1895. 

!=;= Product. 

Bituminous coal ................ short tons .. 

Quantity. 

135, 118, Hl3 
Pennsylvania anthracite ......... long tons.. 51,785, 122 
Building stone ......................................... .. 

Petroleum. ___ -------- ............. barrels.. 52,983,526 
, Natural gas ............................................ .. 

B~;ick clay ............................... .. 

Clay (all other than brick) ....... long tons .. 

Cement ........................... barrels .. 

Mineral waters ............... gallons sold .. 

Phosphate rock ................. long tons .. 

Salt ............................... barrels .. 

Lim.estone for iron flux ...... __ .. long tons .. 

Zinc white ....... · .............. short tons .. 

Gypsum .............................. do ... . 

Borax ............................. pounds .. 

·Mineral paints .................. short t~us .. 

Grindstones .... .' ......................... .. 

Fibrous talc._ .................. short tons .. 

Asphaltum ............................. do .. 

1 
.Soapstone ... :_ ......... · .. · ......... .' ..... uo .. 

360,000 
8,731,401 

21,463,543 
1, 038, 551 

13,669,649 
5,247,949 

20,710 
265,503 

11,918,000 
50,695 

39,240 
68, 163 
2-1,'495 

Precious stones ......................................... · .. . 

'Pyrites ....................... , ... long tons,. 99,549 

I 

---;:,:.- --~ 

$115,749,771 
R2, 019,272 
34,688,816 
57,691,279 
13,006,650 
9,000,000 

800,000 
5,482,254 
4,254,237 
3,606,094 
4,423,084 
2,623,974 
1, 449,700 

807,447, 
595,900 
621,fi52 
205,768 
370,895 
348,281 
266,495 
113,621 
322,845 

<?~runduru ~nd emery: .. : .. -- .... short tons .. ! 2, 102 106, 256 

-~~j~,~~~~-~·:~~:: :::::~~~:-::: :::::::::::::::I:::::::::: :_:_:_:c_l ___ 

1

~~: ::~ 
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'Nomnetallic products of the United States in 1895-Continued. 

I Product. 

I
! ~es (crude) ...... -. --_-_-_ -. _-_-_ --.-1-on-g-to_n_s __ . 

Bromine .......................... pounds .. 

Fluorspar ...................... short tons .. 

Fehlspar ..... : . ................. long tons .. 

Manganese ore ....................... do ... . 

Flint ................................ do ... . 

Quantity. 

21,529 

517,421 

4,000 

23,200 

9,547 

36,800 

Monazite .......................... pounds.. · 1, 573,000 

Graphite, ............................................ ---. 

Bauxite ......................... long tons.. 17,069 

SnltJhur ....... : . ............... short tons.. 1, 800 

Fullers' earth ........................ do ... . 

Marls ............ , ................... do ... . 

6,900 

60,000 

Infus()rial earth ...................... do.... 4, 954 

·Millstones .................... .' .......................... . 

Chromic iron ore ................. long tons .. 

Cobalt oxide ...................... pounds .. 

1,740 

H,458 

Valuel· 
68,321 I 

134,343 I 
24,000 

133,400 i 
71,769 

1

· 

117,760 

.137, 150 I 
52,582 

44,000 I 

. 42,000 

41,400 

30,000 

20,514 

22,542 

16,795 

20,675 

Magnesite ...................... short tons.. 2, 200 17,000 

Asbestos ............................. do.... 795 13,525 

I RuOJe---- .. --------.-- . -- . -- -----. po=<l•:. 100 f:J~o 

To~al. ........................................ ······I 339,77 
----'------

lUsnme of the mineral proclucfs of the United States in 1895. 

Value. 

Total value of metallic ·product~ . . . . . . . . . . . . . . . . . . . . . . . . . . ·$281, 3'18, 679 

Total value of nonmetallic products....................... 339,774, 029 

1· Estimated value of mineral products unspecified . . . . . . . . .. 1, 000, 000 

~rand total. ........ --~ ... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . 622, 122, 708 

TOPOGRAPHIC BRANCH. 

The organization of the Topographic Branch remained prac­
tically unchanged from the close of the fiscal year 1894-95 
to near the elose of the fiscal year 1895-;-96, when Mr. Henry 
Gannett, until that time at its head, was transferred to other 
duties an~ the Director assumed immediate charge. As in 
the previous year, there were four sections, and they were 
continued, respectively, in charge of the same chiefs. To the 
Atlantic section, in charge of Mr. H. M. Wilson, was assigned 
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all work to be done within the Appalachian Mountain region 
and the Atlantic Coastal Plain ; to the Central seCtion, in 
charge of :Mr. John H. Renshawe, all work within the area of 
the :Mississippi Valley, including Minnesota, the Dakotas, 
Nebraska, arid eastern Wyoming; to the Rocky Mountain 
section, in charge of Mr. E. M. Douglas, all work in the 
Rocky Mountain States and Territories, including Texas; and 
to the Pacific section, in charge of Mr. R. U. Goode, all work 
in the Pacific States, including California, Washington, Oregon, 
and Idaho. The land and topographic surveys of the Indian 
Territory were continued in charge of Mr. C. H. Fitch. 

DIVISION OF TRIANGULA'I'ION. 

In the Atlantic section, Mr. S. S. Gannett established an 
astronomic station at Tuscaloosa, Ala. Observations for time 
and comparisons of chronometers for longitude were obtained 
on four nights, and 44 results were secured for la:titude. From 
the point whose position was thus determined the primary 

· control line was run across the Brookwood atlas sheet. 
In the early part of the season an attempt was made by 

, Mr. W. M. Beaman to obtain control by triangulation of the area 
of the phosphate deposits in western rrennessee, starting from 
triangulation points of the United States Coast and Geodetic 
Sur~ey in the neighborhood of Nashville. This work was car­
ried but a short distance, three stations having been established 
when it was found to be impracticable to continue, and the 
work was abandoned, with the intention of resuming it in 
the near future. 

In the Rocky Mountain section, the triangulation of the 
plains in southern Colorado, commenced during the pre­
ceding season, was continued and extended during the past 
season by Prof. A. H. Thompson, who commenced work on . 
May 20 and continued until the end of October, during which 
time the positions of 45 stations were determined. Thirty of 
these were primary stations, the remainder being classed as 
secondary. These fully controlled nine atlas sheets, besides 
parts of others, making · a total area controlled of about 
10,000 square miles. 
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In the Pacific section, triangulation and other control work 
was carried on during the summer by two parties in several 
distinct regions. In May, Mr. W. T. Griswold commenced. 
triangulation in the Umpqua Valley, with the intention of 
carrying it across the Coast Ranges to the Pacific Coast, for 
the purpose of controlling the Coos Bay sheet. Before the 
completion of this work, however, forest fires began, rendering 
it impossible to continue. Mr. Griswold's party was, therefore, 
withdrawn from the neighborhood and ordered to the State of 
Washington for the purpose of running primary traverse lines 
for the control of the Tacoina and Seattle sheets. This was 
completed in October, whereupon, the smoke having cleared 
away, owing to early rains, Mr. Griswold returned to Oregon 
and succeeded in completing the triangulation needed in that 
area, supplementing it by primary traverse wherever triangu­
lation was impracticable. 

Early in July, Mr. S. S. Gannett proceeded to Ellensburg, 
Wash., for the purpose of initiating triangulation in the Cascade 
region of that State. He determined the position of Ellens­
burg by astronomic observations, obtaining therefor five com­
parisons of time with the accompanying observations, using 
San Francisco as a base, and 63 individual results for latitude. 
Having completed this determination, he measured a base line 
on a tangent of the Northern Pacific Railroad just northwest of 
Ellensburg. This line is about 4i- miles in length, or, to be 
exact, 21,982.371 feet. It was measured twice, at night, with 
steel tape, and the usual corrections were made. From this 
base, triangulation was extended northward and westward into 
the Cascade Mountains. Seven stations were occupied and the 
positions of a number of well-known high peaks were deter­
mined and their altitudes measured. Work was discontinued 
about the· middle of October, owing to severe weather. 

In addition to the work menti~ned above, triangulation was 
carried on in the Indian Territory for the control of the topo­
graphic work there. It was inaugurated by obtaining the posi­
tion, by astronomic observation, of an initial point in the village 
of Savanna, on the Missouri, Kansas and Texas Railroad, 
in the Choctaw Nation. For the determination of longitude 
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connection was had with St. Louis, and comparisons were 
made on five nights, with the necessary time observations. 
Latitude was determined from tho mean of 35 results. A base 
"line was measured on a tangent of the Missouri, Kansas and 
Texas Railroad, just north of Savanna, having a length of 
4. 7146 miles. The base was measured twice with a 300-foot 
steel tape, and the usual corrections were made. From this 
base line, ·triangulation was extended in all directions by two 
triangulation parties, the first iu charge of Mr. S. S. Gannett, 
the second in charge of Mr. U. F. Urquhart. In the latter 

·part of June, Mr. Gannett suffered a severe attack of typhoid 
fever, which necessitated his leaving the Territory, whereupon 

. he was detailed to the State of Washington, as stated on a 
previous page. Triangulation was continued until late in the 
winter by Mr. Urquhart, and upon its discontinuance, in Jan­
uary, he was placed in charge of one of the subdivision parties 
in the Territory. 

The results of the season's work in Indian Territory may be 
summarized in the statement that 49 primary stations have 
been selected, signals built upon them, and angles measured 
from thern. By means of these stations an area of about 
10,000 square miles, or about five-twelfths of the •rerritory, 
has been controlled. 

DIVISION OF TOPOGRAPHY. 

During the season there were in the field thirty-three topo­
graphic parties. Besides these, topographic work has been done 
by four parties in connection with the subdivision of lands in 
the Indian Territory, making altogether thirty-seven parties 
engaged in topographic work, which, with the three employed 
in triangulation, makes a total of forty. 

The entire area surveyed by the topographic parties during 
the season was 48,066 square miles. Of this 42,386 square 
miles was newly mapped area, and 5,680 square miles con­
sisted of revision of maps heretofore made whose scale and 
degree of detail are not regarded as adequate when measured 
by present standards. 
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Classifying the area done by the scales upon which it is 
designed for publication, it appears that 4,030 square miles 
are upon the scale of 1:62500, and 44,013 square miles wore 
designed for the scale of 1:125000, the remainder, 23 square 
miles, being a special map on the scale of 1:15000. 

The following table shows, by States, the areas surveyed 
during the past season, classified by scale of publication: 

Topographic surr;eys by the United States Geological Snrt•ey in 189/i-96. 

State or Territory. 

Scale of publication. I -=l 
-----,--------1 Total area. 

1: 6~500. 1: 125000. 

Alabama. . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . 1, 000 1, 000 
California .........•................. _. _ 1, 388 . . . . . . . . . . . . 1, 388 

Colorado ... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 75 

~~~:~i-~::: ::::::::::::::::::: ::::::::::I:::::::::::: 
[n<lian Territor.\' ........................ ---.- - .... . 

Kansas ................. - ...... -- ......... ---- .. -.-. 

2,142 
1, 620 

860 
9,814 
1,000 

:Maryland ................ · .. ·----- ..... . ----------. 1, 395 
'Michigan ................... __ ........ . 400 ------ ·----· 
Missouri .................... __ ........ . 1,250 

Montana .............. --- .............. . 

"Nehrasl;a .••.• _ ...........•••. , •...... 5,500 

New Hampshire·----------' ........... . 437 

New York ............................ . 1, 113 .... -.----.-
North Carolina ..................... ___ _ 

North Dakota .............. _ .......... . 

Oregon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
South Dakota . . . . . ......... ___ ;. : _. _ ...... _______ _ 

Tennessee ............................. . 

Texas .••••............................ 

975 
1, 350 

890 
3, 150 
1,810 

3,418 
Vermont.------ ________ -----·------ __ _ 217 -- . - ..... -- . 
Virginia ....... ______ ........ __________ ...... _____ _ 

'Vashington ........................... _ ...•...•••.. 

Virginia ... : ................ ·----- ........... . 

ming ........................•................. 
I 

1, 882 
1,182 

1,775 
3,000 

- -----------'-----
a Special scale. 

2,617 
1, 620 

860 
9,814 
1,000 
1,395 

400 
1,250 

a 23 

5,500 
437 

1,113 

975 
l, 350 

890 
:-J, 150 
1, 810 
3,418 

217 
1,882 

1, 182 

1,775 
3,000 

By the foregoing table and by the pocket map (Pl. I) it will 
be seen that work was prosecuted during the year in twenty­
four States and Territories. 

17 GEOL, PT I--7 
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ATLANTIC SECTION. 

This section has remained in charge of Mr. B. M. Wilson. 
Field work was prosecuted by se~enteen parties during the 
season. The output of the section was 12,224 square miles, 
consisting of 1, 767 square miles upon the scale of 1:62500 and 
10,457 upon the scale of 1:125000. Twenty-three atlas sheets 
were completed and work was done upon seven others. 

New Hampskire.-. ·-The work in New Hampshire comprised 
the survey of tho two sheets known as Keene and Monadnock, 
near the southern border of the State.. The work was placed in 
charge of Mr. R. D. Cumrniu, 'vho com~enced on May 14, with 
Mr. James McCormick as assistant. Work was prosecuteu con­
tinuously from that time until the middle of September, when, 
having completed the two sheets mentioned, his party was 
tramlferred to New York for the remainder of the season. 

Vermont.-The work in Vermont was at first placed in the 
hands of Mr. J. H. Jennings, with two assistants, who extended 
triangulation over the Castleton sheet, in the southwestern part 
of the State. In June Mr. Jennings was transferred to the 
Adirondack region, in New York, and the survey of the Cas­
tleton sheet was completed by Mr. E. B. Clai·k. This \York :vas 
finished in August, and upon its completion Mr. Clark was also 
transferred to the work in New York. 

New Yo,rk.--Tho work in Now York, as originally planned, 
. comprehended the survey merely of the Bolton sheet, in the 
eastern part of the State. This was commenced by Mr. E. B. 
Clark on May 17, who was later joined by Mr. W. M. Beaman, 
who completed the sheet about September 1. Meantime, how­
ever, the State engineer of New York allotted ti1e SUJTI of 
$4,000, from an appropriation Imido by the legislature for the 
examination of sites for storage reservoirs in the Hudson River 
basin, for the payment of field expenses of topographic work 
in that region in cooperation with this Survey.. For the pros­
ecution of this work Mr. Jennings was detached from the work 
in Vermont, his place being supplied by Mr. Clark and by Mr. 
Sl,ltton, with two assistants, from work upon the eastern shore 
of Maryland. Those changes were made early in July. Later 
in the season other men were transferred to this fielU-Mr. 
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Beaman in September, upon the completion of the Bolton sheet, 
~essrs. Cummin and McCormick, upon the completion of the 
two sheets in New· Hampshire, and Mr. Clark ·upon the com­
pletion of the Castleton sheet in Vermont. With this large 
force four sheets, viz, Schroon Lake, Paradox Lake; North 
Creek, and Glens Falls, were completed late in October or 
·early in November, making five sheets altogether in New York 
State. · 

Maryland.--Work upon the eastern shore of Maryland was 
commenced on May 11, in charge of Mr. Frank Sutton, with 

· J. W. 'rhom, James McCormick, J. H. Wl1eat, and three tem­
·porary employees as assistants. With this large force work 
was prosecuted rapidly in this region, and by July 1 six 
15' sheets had been completed, thus finishing three 30' sheets, 
which bear the names Tolchester, Choptank, ·and St. Marys. 
Work was thereupon discontinued in this region, Mr. Sutton 
being detailed to the Hudson River basin in New York, Mr. 
Thorn to Alabama, Mr. McCormick to New Hampshire, and 
.Mr. Wheat to Tennessee. 

Yirgin'ia.-vVork in Virginia was prosecuted in two widely 
separated localities. 'rhe Amelia sheet, lying just west of 
Richmond and comprising the Richmond 'l'riassic coal field, 
was surveyed by Mr. A. M .. vValker. He commenced work 
on May 21 and completed the survey late in December. 

The other locality is in southwest Virginia, and consisted of 
the revision of the unrevised part of the Bristol sheet, thus 
completing it, and the commencement of the revision of the 
Abingclon sheet. This work was done by Mr. Gilbert Thomp~ 
son, who commenced the work early in June a,nd completed 
it early in November. 

West Vi1~r;inia.-'l'he work in this region consisted of revision 
of sheets lying along the upper waters of the Kanawha River, 
which was executed by Mr. Hersey Munroe: The first work 
undertaken was the. completion of the revision of the Raleigh 
sheet, which was commenced the year before. Upon its com­
pletion he began the revision of the Oceana sheet, but the 
necessities of the geologica,} work required that the completion 
of this . sheet be postponed, and he devoted the remainder ~f 
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the season to the revision of the Kanawha Falls sheet. This 
was undertaken ai1d pushed forward rapidly, and was com­
pleted in November. 

Tennessee.-The work in Tennessee was prosecuted in three 
different regions. 'rhe revision of the Maynardville sheet, 
which was commenced several years ago, was carried forward 
to completion by Mr. J. H. Wheat, who was ordered there from 
Maryland early in July. Upon its completion, in September, 
he took charge of work upon the Co wee sheet in North Carolina. 

The Standing Stone sheet, which was commenced by Mr. 
A. E. Murlin the preceding season, was completed by him. 
He began work on May 10 and finished the sheet in July. 
Thereupon he was sent to the phosphate region, in the neigh­
borhood of Columbia, in the western part of the State, in the 
survey of which he was occupied during the remainder of the 
season, until late in November. The area surveyed in this 
region was not limited by atlas-sheet lines, and embraced 
localities economically important by reason of their phosphate 
deposits. The area surveyed includes parts of three sheets, 
to be known as Columbia, Linden, and Waynesboro. 

North Carolina.--The work in North Carolina was in the 
extreme western part of the State, and consisted in the revi­
sion of the Cowee sheet. This was commenced by Mr. Charles 
E. Cooke, with One assistant, on May 16. Early in July Mr. 
Cooke was detached from this work and sent to Indian Terri­
tory to take cha~·ge of a subdivision party there, and the work 
was for a time left in the hands of his assistant, Mr. Glenn S. 
Smith. Upon the completion of the revision of the Maynard­
ville sheet, in the latter part of August, Mr. J. H. Wheat took 
charge of the party and carried forward the work to comple­
tion in November. 

Georgia.-The.work in this State consisted entirely of revi­
sion. In the northe~n part of the State large portions of the 
Dalton and Ellijay sheets were revised, Messrs. Merrill Hack­
ett and W. L. Miller being at first assigned to this work. 
Early in July, however, it appeared advisable to make a 
change in the arrangement of the parties in this region, and 
Mr. Hackett was transferred to Rome, Ga., to revise sheets in 
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that neighborhood, Mr. Miller being left temporarily in charge 
of the Dalton work. About August 15 Mr. R. H. McKee was 
transferred from Alabama and given charge•of that work, Mr. 
Miller remaining as his assistant. ~he revision of these sheets, 
with small portions of adjoining sheets in Tennessee, was com­
pleted early in November. 

Iri July Mr. Merrill Hackett commenced revision of the 
Tallapoos~ (Ala.) and Rome (Ga.) sheets. He completed the 
former and about one-third of the latter by November, when 
work was discontinued. 

Alabamct.-Besides the revision of the Tallapoosa sheet, a 
new sheet, the Brookwood, including a part of the Black War­
rior coal field, was surveyed. The work was at first placed 

. in the hands of Mr. R. H. McKee, who was ::;ubsequently 
transferred to Georgia, his place being taken by Mr. J. vV. 
Thorn, who carried the work to comoletion, finishing it in 
November. 

CENTRAL s~;CTION. 

'l'his section bas remained throughout the year in charge of 
. Mr. J. H. Renshawe. Six parties have been in the field engaged 
in topographic work. · . The total area surveyed by the section 
is 15,650 square miles, of which 14,650 square miles consist of 
new work. Classified by scale, 400 square miles are upon the 
scale of 1:62500 and 15,250 square miles upon the scale of 
1:125000. The work of this section completes 26 atlas sheets. 

Michigan.-In 1893 a considerable area was surveyed by 
private parties, with the utmost care and thoroughness, in the 
upper peninsula of Michigan, in the neighborhood of Crystal 
Falls and Iron River. It is of irregular outline, with limits 
which do not conform to the plan of the atlas sheets of the 
Geological Survey. Copies of this work having been fur-

. nished to the Survey, it seemed desirable to extend the work 
upon" the borders in such wise as to complete atlas sheets. 
For this purpose Mr. H. L. Muldrow was detailed, with an 
assistant. Commencing work on June 1, he continued until 
the end of October, covering an area estimated at 400 square 
miles. This completed three quartm·-degree sheets, which bear 
the nanies Iron River, Crystal Falls, and Sagola. 
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JI!IissowrL-In the _zinc and iron regions in the southeastern 
part of Mi88ouri the State geological survey had complete~ 
three 15' sheets. It being desirable to extend the work in 
that region, Messrs. W. H. Lovell and Paul Holman were 
detailed for the purpose of completing two 30' sheets embrac­
iug the area surveyed by the State, viz, the Bonne Terre and 
the Ste. Genevieve. This work was commenced in the latter 
part of May and completed toward the end of December. 

North Dakota, South Dakot{t, and Minnesota.-In these States 
a large number of 15' sheets have been completed, but under 
a recent decision to reduce the scale of this region to 1: 125000, 
thus increasing the area covered by tho sheets to 30' in either 
dii;ection, many of these larger sheets were only partially sur­
veyed. To complete them Mr. H. S. \V allace was detailed, 
with two assistants, Messrs. W. I-I. Griffin and Basil Duke. He 
commenced work on June J,. n;nd by tho middle of September 
had completed- the unfinished portions of nine sheets, an area 
of about 4,000 square mile8. . Upon its completion, Mr. Wal­
lace and his party were ordered to Kansas, where they devoted 
tho remainder of the -season to the revision of the Cottonwood 
Falls sheet, in the central part of the State. They closed 
work in November. 

Nebraska.-The condition of the work above described for 
the Dakotas prevailed in central Nebraska, where numerous 
30' sheets lay unfinished. For their completion Mr. R. 0. 
McKinney "ras detailed, with two assistants, Messrs. Nat. 
Tyler, jr., and C. W. Good love. He commenced work on July 
1, and conti;mecl from that time until early in November, com­
pleting five sheets, known as Loup, St. Paul, David City, 
Wahoo,_ and Lincoln. 

nh. H. B. Blair, with tw() assistants, Messrs. A. B. Searle and 
L. F. Garrard, jr., wa:s detailed for the survey of three 30' sheets 
in the western part of Nebraska, including the valley of the 
North. Platte River. His party commenced work on J nne 1 
and ended about November 1, having nearly completed these 
sheets. · - · · 

Wyoming.-:__Mr. W. S. Post, with two assistants, Messrs. Dun­
can Hanneg'an and J. L. Johnson, was detailed for the survey 
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o{ an area in eastern Wyomirig adjoining that of Mr. Blair in 
Nebraska and comprising a part of the valley of tho North 
Platte River. "This work was commenced about .June 1 and 
closed early in November, three 30' sheets having been sur­
veyed. 

ROCKY l\IOUN~'AIX SECTION .. 

This section has remained through the year in charge of 
Mr. E. M. Douglas, who has had six parties in the field. 'rhe 
party has surveyed an area of 6,058 square miles upon the scale 
of 1:62500, and 5,560 square miles upon the scale of 1:125000. 
About 2, 700 square miles of this area consisted of revision of 
earlier maps, the remainder being new work. Besides the work 
upon these two scales,, a special map, covering 23 square miles, 
has been prepared of the region about Butte, Mont., upon a 
scale of 1: 150C)O. 

JJ;Iontana.-For the preparation of a detailed map of the 
region immediately surrounding Butte, Mont., M1:. R. H. Chap­
man, with one assistant, . was .detailed. He commenced 'the 
work on May 20 and completed it early in September, having 
mapped ·an area of 23 squarQ miles. The work was done with 
plane table and stadia; controlled by triangulation and Y levels. 
Up011 the completion-ofthis workMr. Chapman undertook the 
extension of triangulation mtei· a 30' atlas sheet lying immedi­
ate1y east of Butte,· but the severity of the "\Veather rendered 
it inadvisable to continue this work. He was then ordered to 
Aspen, Colo., to ext.end slightly the detailed map of that region, 
after which he was sent to 'rexas to assist in completing the 
area under survey there. · 

Colorado.-W ork was prosecuted in Colorado in two areas. 
The revision of the plains sheets was continued, Messrs. W. H. 
Herron and W. J. Lloyd being detailed for this work. They 

. commenced work in May and continued it until December, 
completing· two sheets, the Elmoro and Spanish Peaks. 

Early in May Mr. Frank Tweedy was sent to Cripple Creek, 
Colo., for the purpose of discovering the township and section · 
corners and loc~ting them upon the map of that region. Upon 
the completion of this work he proceeded to the San Juan 
country, where. he devoted the remainder of the season to the 
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survey of the. Silverton and La Plata sheets. These were 
finished early in November. 

Texas.- \V ork in Texas was prosecuted in· two areas, the 
central and \vestern parts of the State. Mr. T. M. Bannon, with 
one assistant, was detailed for work in the central part of the 
State, his work consisting in the completion of the revision of 
the Austin sheet. rrhis was undertaken early in May and com­
pleted' in September, whereupon he proceeded with his party 
to the area of the Brackett sheet and surveyed the unfinished 
half thereof, completing it in January. 

The work in western Texas was intrusted to Mr. C. C. Bas­
sett, with one assistant. It consisted in the survey of six 
sheets, most of them fractional, bordering upon the Rio 
Grande. Mr. Bassett commenced work in the latter part of 
May and continued it until. early in December, aided rluring 
the last month by Mr. R. H. Chapman. Mr. Bassett's health 
being precarious, he was ordered to 'Washington before com­
pleting the area assig·ned him, and as the Butte sheet was 
needed by the geologists, Mr. Chapman also was ordered in for 
the purpose of drawing that map. As it seemed desirable to 
finish the area already assigned in this region, and as the 
winter is the bm;t time of the year for working there, Mr. 
W. J. Lloyd volunteered to take charge of the party and com­
plete the survey. He commenced work in January and fin­
ished it in March, ·completing two sheets by the survey of an 
area of a little over 400 square miles. 

PACIFIC ~ECTIOX. 

This section has been throughout the year in charge of l\1r. 
R. U. Goode. An area, of 4~320 square miles has been surveyeJ, 
of which 1,388 are upon the scale of 1:62500 and 2,932 upon 
the tScale of 1:125000. Twelve atlas sheets have been com~ 
pleted, besides portions of other sheets. Seven parties have 
been maintained in the field during the season, as shown in 
detail below. 

Idaho.-The work in Idaho consisted in the completion of 
the Hailev sheet and the survev of about half of the Red Fisl1 
Lake she.~t, both np~n the sc;le of 1: 125000. Mr. Perkins, 
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to whom this 'vork was assigned, took the field with one assist­
ant on June 1 and concluded field work in the latter part of 
October, being driven out by bad weather. 

"Washington.-To Mr. George E. Hyde, with two assistants, 
was assigned the task of surveying practically the whole of the 
Tacoma 30' sheet and the north half of the Seattle 30' sheet. 
He commenced work on May 2() and continued, in spite of bad 
weather, until December 1, succeeding in finishing the area 
assigned him. 

1 

Oregon.-To Mr. E. C. Barnard, with two assistants, was 
assigned the work of completing the Roseburg sheet, in the 
Umpqua Valley, with as much of the Coos Bay sheet, lying 
upon the Pacific Coast to the westward, as the season would 
permit. Mr~ Barnard succeeded in completing the Roseburg 
sheet before trouble was experienced from forest fires, hut 
shortly after commencing the Coos Bay sheet these fires set in 
.and covered the country with smoke to such an extent as to 
prevent any work except traversing. In spite of this difficulty, 
however; Mr. Barnard completed by the middle of November 
about half of the Coos Bay sheet. 

Cal·~fornia.-Two parties were at work in California. Mr. 
R. B. Marshall, with two assistants, which number was increased 
to three toward the end of the season, undertook the survey of 
three 15' sheets lying south of San. Francisco Bay, viz, Palo 
Alto, San Jose, and Mount Hamilton, which include a section 
across the Santa Clara Valley, with a portion of the mountains 
on either side. Commencing the work in June, Mr. Marshall 

. was occupied on it until the middle of December, completing 
the area. A little work also was done by him upon the Mount 
'l'amalpais sheet, just northwest of the Golden Gate, in order 
to complete the area. 

A second party, under Mr. L. C. Fletcher, surveyed an area 
embracing San Luis Obispo and surrounding country. Wit]~ one 

. assistant he commenced work early in June, and completed, by 
the end of November, an area comprised upon four sheets, but, 
since three of them were ,but partial sheets, equivalent in area 
to about three. These sheets bear the names San Luis Obispo, 
Arroyo Grande, Cayucas, and Port Harford 
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During the winter and spring months these parties, with the 
exception of Mr. Lloyd's party in western Texas, have been in 
the office in vV ashington, engaged in the reduction of triangu­
lation and observations for astronomically determined positions, 
in reducing and transferring their plane-table sheets, and in the 
preparation of finished maps. All the field work of the past 
season has been thus put in final shape. 

INDIAN TERRITORY SECTION. 

Under the provisions of an act of Congress approved March 
2, 18£~5, an appropriation of $200,000 was made for the sur­
vey and subdivision of the lands of Indian Territory, and the 
work was placed, in the discretion of the Secretary of the Inte­
rior, in charge of the Director of the Geological Survey. A 
plan of operations was drawn up, which was approved by the 
Secretary of the Interior on March 21, and preparations were 
immediately made to begin the work, Mr. C. H. Fitch being 
placed in immediate charge. The requisite animals and camp 
equipage were purchased and shipped to South McAlester, in 
the Choctaw Nation, the headquarters selected for the work. 
'rowar.d the elose of March two parties were placed in the field, 
and on April 1 w-ork was commenced. One of these parties, 
under Mr. G. T: Hawkins, took up the Indian base at its point 
of intersection with the east boundary of the Chickasaw Nation 
and ran it eastward 50 miles. The other party, under· Mr. 
W. J. Peters, ran the second guide meridian southward as a 
principal meridian. Thereafter these parties continued the 
work of running standard lines. Early in April two parties, 
under Mr. H. L. Baldwin, jr., and Mr: R. 0. Gordon, were 
placed in the field for the purpose of running township 
exteriors, and shortly thereafter eight parties for running the 
subdivision lines of the townships were added. These sub­
division parties were grouped two in a camp, and each such 
gro_up was placed iii charge of a topographer of the Survey, 
whose duties were to superilitend the work of subdivision by 
the surveyors and to map tho country subdivided. The men 

placed in charge of these parties at first were Messrs. Van H. 
Manning, D. C. Harrison, R. A. Farmer, mid R. M. Towson. 
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From time to time this force has been increased, two parties 
for running exteriors h~wing been added, besides eight survey­
ors forthe subdivision parties, so that by October 1 there were 
iu the field ~nd at work two partieR for running standard lines, 
four parties for running exteriors, and ·sixteen surveyors 
engaged in subdividing the townships, the latter class being 
grouped in four parties, in charge of topographers permanently 
employed by this office. The changes in the personnel of this 
section have been so numerous and frequent that it seems 
scarcely worth while to recapitulate them. 

The work was continued through the winter and spring, 
and was stopped only for a brief period beginning June 1, 
because of the expenditure of the appropriation and delay in 
the passage of tho bill carrying a new appropriation for con­
tinuation of the .. work. It was apprehended that, owing to the 
shortness of the days and bad weather, winter work would 
not be economic, but it was found hy experience that, pi·oba­
bly owing to less illness among tho men and the fact that the 
leaves were off the trees, winter work was· much more rapid 
and eco'nomical than work in the warm season. 

The progress in subdiviRion work may be summarized in 
the statement that 21,314 miles of line have been run. Of 
this mileage, 1,339 miles are of standard lines, 3,087 are 
township exteriors, and 16,888 are subdivision or sectional 
lines and meander lines. . The work thus far done completes 
the subdivision of 249 complete townships and 36 fractional 
townships, er.nbracing the Seminole Nation, nearly all of the 
Cre.ek Nation, and the western parts of the Choctaw and 

· Cherokee nations. . 
The mapping of topography has followed closely the work 

of subdivision. Up to this date an area clbsel y estimated at 
9,814 square miles. has .been mapped. 

Since the entire mileage required for the subdivision of the 
Territory is estimated at 47,000 miles, it will be seen by 
the above figures ·that about 45 per cent of the area of the 
Territory has been completed. 

There has been expended upon the Indian Territory survey 
up to the present date the sum of $196,500. Of this, about 
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$20,000 has been expended upon office work, and $25,000 
upon outfitting, leaving as the current expense of field work 
$151,500, and the total expense of field work, including out­
fitting, $176,500. Under the rates allowed by law to con­
tractors for doing this work, the completed mileage, as above 
stated, would have earned to contractors the sum of $198,400 
for field work and the examination of surveys. It appears, 
therefore, that the Geological Survey has not only executed 

· the work of subdivision, but has in addition carried on pri­
mary triangulation and prepared maps of the area subdivided, 
at a total saving to the Government of $21,900, to which 
should be added the value of the outfit, which will be practi­
cally sufficient for the completion of tho subdivision work. 

The office work of this section consists in the rewriting of 
subdivision notes from the rough notes made by the surveyors 
in the field, the preparation of copies of the same, and the 
drawing of plats and maps. The preparation of the first draft 
of the subdivision notes from the surveyors' rough notes is 
done at South McAlester, tho headquarters of the Survey in . 
Indian Territory. The remainder of the office work is dono 
in Washington. 

Of the state of progress of office work in Indian Territory 
it is uot practicable to make a definite report, owing to the 
fact that a large amount of work has been commenced and 
is in various stages of advancement. In the writing of these 
notes many questions which can be answered only by the sur­
veyors continually arise, involving the laying ~side of the 
1vork until correspondence can be had with the surveyors and 
the questions settled. It is only in regard to the notes and 
plats received in Washington that definite st~tements can be 
made. At the present date the notes of 6,407 miles of survey 
have been received. These comprise, besides the notes of 
standard lines and township exteriors, the subdivision notes 
of 78 tow~1ships. Practically all of these have been copied, 
three copies being made, for filing with the Land and Indian 
offices. 

The plats of 42 townships have been drawn and a number 
of others are in various stages of progress. 
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The main reason for the slow progress in office work· has 
been that it was considered desirable to develop and push the 
field work considerably in advance of the office work, and 
not to organize the office force on au extensive scale until 
toward the close of the fiscal year. This is now being done, 
and henceforth the work will progress rapidly and soon over­
take the field survey. It has been found that the office work 
depends entirely upon the progress made in the preparation 
of the first draft of the notes from the surveyors' rough notes, 
and that it is difficult to obtain men sufficiently acquainted 
with the details of Land Office requirements and methods of 
complying with them. This difficulty, however, has been 
largely removed. The second ·reason for slow progress is the 
constant delays caused by the necessity of corr.esponding with 
the surveyors for the purpose of making corrections and sup­
plying omissions in the rough field notes. It is anticipated, 
however, that with the training the men have now received 
this will cause comparatively little delay in future. 

PUBLICATION BRANCH. 

DIVISION OF ILLUSTRA~'IONS. 

Tho Division of Illustrations remained in charge of Mr. 
De Lancey W. Gill, who was assisted throughout the year by 
Mr. John L. Ridgway, Mr. H. Hobal't Nichols, Mr. Daniel W. 
Cronin, Mr. F. W. vou Dachenhausen, and Mr. H. Chadwick 
Bunter, and for the greater part of the year by. Mr. Wells M. 
Sawyer. Mr. ·william A. Wansleben, Mr. W. F. Hopson, and 
Miss Frances Wieser were employed in the work from time to 
time for short periods. 

Mr. Ridgway has assisted Mr: Gill in the general supel'vision 
of the work of the division, and has also made a large number 
of paleontologic drawings. Mr. Nichols's work, as in previous 
years, has been the preparation of geologic and topographic 
landscapes and the retouching . of photographs. l\fr. Cronin 
and Mr. Von Dachenhausen have been engaged in the prepara­
tion of topographic and geologic maps and sections. .Mr. 
Hunter and l\fr. Sawyer have been employed in the prepara­
tion of paleontologic drawings. Mr. Wanslebenwas employed 
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_during the months of April, May, and June in the preparation 
of special maps for the report 01~ the coal and gold deposits in 
Alaska. Miss Wieser has been employed from time to time 
during the year in the preparation of miscellaneous paleon­
tologic drawings. Mr. W. F. Hopson has been similarly 
employed, and has been working under the supervision of 
Professor Marsh, at New Haven, Conn. 

Drawings to the number of 2,077 were produced during the 
year, classified as follows: Geologic landscapes, 50; geologic 
sections and diagrams, 673; geologic and topographic maps, 
106; paleontologic drawings, 930; miscellaneous drawings,318. 

Engraved proofs of 518 illustrntions were received during 
the year from the Public Printer and examined for criticism 
and revision. ~Original drawings representing the illustrations 
for one annual report; two monographs, and nine bulletins were 
transmitted to the Public Printer during the year. These illus­
trations were marked for reproduction as follows: Chromo­
lithography, 127; photolithography, 17; half-tone engravmg, 
187; photoengraving, 418. 

PHOTOGRAPHIC LABORATORY. 

The photographic laboratory has been, as in previous years, 
:in charge of Mr. J. K. Hillers, assisted by Messrs. C. C. J on!=Js, 
John Erbach, and Charles A. Ross, photographic printers. The 
following statement shows the number of negatives and prints 
made during the year: 

Photographic negativeB and prints rnade during 1895-96. 

[~~Size. 
28 by 34 ....... --- - .......... - . -- ... -. 

22 by 28.----. ---- .. -- ---·.: .. ---. ----

Nel!~:.:-~:. ~ 

114 b21 I 
91 419 

20 by 24 ........ - ............ - .... ---. 381 ' 2, 255 

14 by 17 ...... -------- .......... ---- 126 522 

11 by 14 .............. _·_ .... --- ...... . 281 5, 125 

8byl0 .............................. . 351 2, 176 

6 by 8 ----·· ---· ................ ------ 271 2,238 

5 by 8 ..... -.-- ......... -- .. - .... -.-.. . 290 1, 362 
4 by 5 __________________________ "_ _ _ _ _ 937 709 I 

TotaL . . . . . . . . . . . . . . . . . . . . . . . . . 2, 842 15, 427 
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EDITORIAL DIVISION. 

TEXTUAL PUBLICATIONS. 

Mr. Philip C. Warrnan remained in charge of this section, 
and 1vas assisted throughout the year by Mr. George M. Wood, 
and fo11 a portion of the time by Miss A. B. Dawson. He also 
had the assistance for two months of Mr. James I-I. Blodgett. 

The work progressed in a highly satisfactory manner, and 
at the close of the fiscal year no paper that had been received 
remained unedited and no proof remained unread. The work 
of this section is not of current nature, but fluctuates in amount 
from time to time. It is usually at its maximum during the 
smnmer months. Follo,ving are lists of the manuscripts pre­
pared for_ the printer and the proofs read an·d corrected during 
the year: 

)l[anuacript edited during the year 1895-96. 

~;--. -.--_ -_ -._. -, ----Pages. 

S=~~eenth Annual Repor~in part)---=~- --~5~ 
Seventeenth Annuallleport (in part).___________ 3, 552 
Monograph XXVII. .... __ ... ______ .. _____ . ____ .. 891 

~lonogra-ph XXVIII. ..... _______ .. __ .. __ .... __ .. 735 

Monograph XXIX (in part) .... _ ......... __ .. __ .. 1, 036 

Monograph-- (by G. H. Stone, in part) .. _.__ 566 

Monograph --- (by Shaler, W'oodworth, and 
Foerste) ........ _ .. __ .. _ .... ___ .. __ ......... _ . 660 

Bulletin No.l32 ... _ .. _.............. .... .. .. .. .. 45 

l:lulletin No. 13:3. .. · ................ _, .. ____ .. .. .. 150 

Bulletin No.l34 .... _ .................... __ ...... 68 

Bulletin.N o. 135. . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. 250 

Bulletin No.l38 ..... _ .. _ ...... _: .. __ .... __ ...... 426 

BulletinNo.139. ...... ...... ...... .... ...... .... 329 

Bulletin No.140 ............ _ .......... ------ .... 822 
Bulletin No. 141. ........ ____ ................ __ .. 20!J 

Bulletin No. 142 _____ ...... __ ..... _ . . .. .. .. .. .. .. 90 

.Bulletin No.l43 ....... ------ ________ ...... ...... 257 

Bulletin No. 145 .. __ ........... ____ ... ~-- _______ . 303 

Bulletin No. 146 .. __ ........... _ .. _ __ __ __ __ __ __ __ 312 

Text for geologic folio~ Nos. 13, 18, 20, 21, 22, 23, I 

24, 25, 26, 27, 29, 30 .. ------------------- .. -----" ~2-, 882745_1' 

Total number of manuscript pages etlited.. _ 
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Proof 1·ead during the year 1895-.'16. 

i := = -=---= -=--~-- -1- ~"".I 
Sixteenth Annual Report (in part) ...... ----- .. ·I 2, 1 iO ' 
Seventeenth Annual Report (in part)...... . . . . . . ilOO 

Monograph XXVI. .......•.... ------ ...... ·-·--·1 ~60 
Bulletins 126, 127 (in part), 1il0, 131,132, 133, 131, 

135,136, 140 ...... -·-- ·------ --·· ·----· ---- .... 1,843 
Text for geologic folios Kos. 13, 18, 19, 20, 21, 22, 

I 23, 24, 25, 26, 27,29 (all folio pages) ............ . 54 

I Total number of printed pages read ....... --4,627 

L_ ___ ~ ----------~--~-

GEOLOGIC l\IAPS. 

'fhis section was continued under the charge of Mr. Bailey 
Willis, who was assisted by Mr. George W. Stose and Mr. Olaf 
A. Ljungstedt. During Mr. Willis's absence in the field the 
work of the section was in the charge of Mr. Stose. 

_ The textual descriptions of the folios were editecl by Mr. 
Willis and Mr. W annan jointly. Mr. Stose gave his attention 
principally to proof reading, while Mr. Ljungstedt was em­
ployed chiefly in the preparation of manuscript drawings. 

During the year twelve geologic folios have been published, 
Nos. 15. to 26, inclusive. These are listed below~ preceded 
by Nos. 1 to 14, previously published, making the list com­
plete to elate. 

Geologic folios published during the year 1895-96, and previo1tsly. 

!'
NT ~arne of sheet. ----::~e-.. -- Lim_it!nJ! me- Itimiting par_! ~~~~~r~n I Jlrice, in 

) rnhans. allels. miles. cents. 

---- -------- -----------------
1 LiYingst"n .......... Montana.......... uoo-nto 450-46o 3.354 25 

. {Georgia .......... _ } 
2 Rmggold ........... . 

Te11uessce -~---·· 
a l'lacerville.... •. .. . . . Culifornia _ ...... _ 120° 30'-121o 

4 Kingston............ Tennessee ....... _ 84o 30'-85o 

5 Sacramento ......... California........ 1210-1210 30' 

6 Chattanooga......... Tennessee . . . . . . . . 850-850 30' 

7 Pikes Peak_ ......... Co!ora<lo. _........ 1050-JQ5o 30' 

8 Sewanee ............. 'l'enneHsee ........ ~5o 30'-860 

9 Anthracite· Crested Colorado .......... \1060 45'-1070 15' 

Butte. 

{

Virginia .......... } 

1

10 Harpers Ferry ....... ! West Virginia ... _ 

I 
Marylan<L .... _ .. . 

~kson ............ California···-·;·· 

-'----

77° 30 1-780 

120 30'-1210 

380 30'-390 

350 30'-360 

380 30'-39° 

35°-35° 30' 

380 30'-39° 

350-35° 30' 

380 451-30° 

980 25 

932 25 

969 25 

932 25 

975 25 

932 25 

975 25 

465 50 

925 2

5

,5 I 
938~ 

-'----------'----' 
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Geologic folios pnblished during the year 1895-96, and previously-Continued. 

r:::-1 ~ame of shee_t_. -·1--------1-L_i_m_i_ti-·n_g_n_,_•_--IL-im-it-in_g_p-ar--1 Area, in Price in 1- State. ridians. allele. o;;m~~~ cent~. 

~~~ E•tillville ........... {;::::!~~:::::::::} s2o 30'-830 360 30'-37o ----9-57- ___ 2_5_ 

Tennessee ....... _ 

. . {Maryland ......... } 
1d Fredenckshurg...... . . . 770_770 30' 380-380 30' 938 25 

_ VIrginia ......... . 

{
Virginia .......... \ 

14 Staunton .. --"----.. West Virginia .... J 79°-79° 30' 938 

15 Lassenl->eak ......... California----···- 3, 634 25 

{
TennesseA ... _. : . . 

16 Knoxville .. .. .. .. . .. , . } 
-:"! ort.h Carolina .. _ 

17 Marysville ... ____ .... California .. __ .. .. 

18 Smarts ville.......... California ....... . 

{

Alabama ......... } 
19 Stevenson .. .. .. .. .. . Georgia ......... _ 

Tennessee _. _ .... _ 

20 Cleveland .. .. .. .. .. . Tennessee ....... . 
21 Pikeville . . . . . . . . . . . . TenneRsee ....... . 
22 McMinnville . . .. . . . . Tennessee ___ .... . 

. . {Maryland ......... } 
23 Nm!lllll. ·····-- ------ Virginia.····· ... . 

1210 30'-1220 
1210-1210 30' 

85° 30'-860 

84° 30'-850 

. 85°-85° 30' 

85° 30'-860 

35° 30'-36° 

39°-3fi0 301 

390-390 30' 

34° 30'-350 

35°-350 30' 

35° 30'-360 
350 30•-360 

925 

925 

925 

980 

975 

969 

969 

938 

25 

25 

25 

25 

25 

25 

25 

24 Tllree Forks........ . Montana ........ .. 

25 L ud. on .. .. .. .. .. .. .. Tennessee ...... .. 

111°-112° 

84°-84° 30' 

450--460 

350 30'-360 
3,354 

969 

25 

50 

{
Virginia .......... } 

cahontas .......... WestVirginia ... . 810-810 30' 951 

The following folios advanced to the stage of color-printing 
and will issue from the press before the close of 1896: 

Geologic folios in p1'e88. 

I No. Na=f slleet. State. Limiting meridia.ns. 

27 Morristown . ... _. Tennessee 830-830 30' 

28 Piedmont ........ { ~i:~~::,;} 
WestVa. 

20 Nevada City: 

Limiting parallels. 

360-360 30' 

39°-39° 30' 

Nevada City. } { 1210 00' 25"-1210 03' 45" 390 13' :;o;'-39o 17' 16" 
Grass Valley. California 1210 01' 35"-1210 05' 04" 39o 10' 22"-390 13' 50" 

Banner HilL 12oo 57' 05"-1210 00' 25" 390 13' 50"--390 17' 16" 
30 Yellows tone N a­

tiona! Park: 

' ~anyon · · · ·- · Wyoming 

Gallatin __ ... 

1 L:.:::'""~ ! 

1100-1110 

Area, in Price, 
square in 
miles. cents. 

963 25 

925 25 

11. 65} 
12.09 50 

11.65 

Of these, the Nevada City folio contains three maps of dis­
tinct areas, and the Yellowstone Park folio four such maps. 

17 GEOL, PT .i--8 
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The labor involved in preparing each of these was much more 
than that involved in the preparation of any single or ordinary 
folio. 

In addition to the foregoing, there were in hand on J ui1e 30, 
in various stages of engraving, the following folios: 

Geolog·ic folios in an advanced stage of preparation. 

I No :omo o< "''"' 

_____ Briceville ___________ _ 

..... Buckhannon ....... . 

State. 

'I'ennessoo ..... 

West Virginia . 

, . {Virginia ...... . 
----- l!rankhn ······-···:- West Virginia. 

..... Gadsden ............. Alabama··---· 
P ramid reak. _ .. _. _ California ... _ . 

{
Virginia ..... _. 

zewe!L · ·- · ·- - · · · · · West Virginia. 

Limit!ng merid·i Limiting-
1ans. parallels. 

--- 84°-84.0 30' 36°-36° lJO' 

... 80°-80° 30' 380 30'-390 

::-} 790-790 30' 380 30'-390 

... 86°-86° 30' 340-340 30' 

··- 1200-1200 30' 38° 30'-390 

::: } 81° 30'-82° 370-370 30' 

A 
sq r~~/:: rrice, in 
miles. cents. 

963 

932 

,932 

986 

~: :: :1 

During the autumn proof reading was continued on the 
geologic map of the State of New York, which had been in · 
preparation for a number of years, under the general direction 
of Mr. W. J. McGee, for Prof. J q,mes Hall, State geologist of 
New York. In January an edition of 1, 000 copies of this 
map was issued, and the cooperation between the National 
Survey and the State Survey in the matter of the preparation 
of the map in question ceased. 

Mr. Willis's duties as editor of geologic maps have included 
the examination of all original maps and sections submitted for 
publication in the geologic folios, the reading of descriptive 
texts for these folios, and attention to such administrative 
details of the work of the Survey as bear upon the prepara­
tion of material for the atlas. During the winter he canied 
on corresponden~e with the geologists most interested in the 
mapping of the Pleistocene formations, and with their aid de­
vised a color scheme that has met with provisional approval. 
The standard patterns and colors adopted for this scheme have 
.been printed and are available for use as samples in the prep'­
aration of Pleistocene maps. 

TOPOGRAPHIC liiAPS. 

The importance of having within the Survey an editor of 
topographic maps has been fully established by the results 
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obtained during the past two years. Under the present divi­
sion of duties, the editor, Mr. Marcus Baker, is in charge of the 
original manuscript topographic atlas sheets, these being turned 
over to him from time to time as completed. The sheets are 
carefully examined and prepared for engTaving, the examina­
tion consisting in comparing the maps with other maps and 
publisho~ material relating to the regions, when there is such 
published material to make comparison with. The preparation 
consists mainly in the correction of such errors or defects as 
are discovered in the course of this examination and in secur­
ing proper uniformity. After the sheets have successfully 
undergone examination and criticism, they are approved for 
engraving and sent to the Division of Engraving ana Printing, 
through the office of the Director. After engraving, proofs are 
submitted and carefully read, before the sheets are approved 
for printing. 

At the beginning of the fiscal year, viz, on July 1, 1895, 
there were in hand for engraving 96 atlas sheets. Of this 
number,. 26 had been sent to the engraver and work upon them 
was in various stages of progress. The examination and 
engraving of the remaining '(0 had not been begun. These 
sheets comprise surveys made in the field seasons of 1892, 
1893, and 1894. During the year the engraving and printing 
of 43 maps were completed, and more or less progress was 
made on 34 others. All the work of 1893 and 1894 was at the 
dose of the year either completed or far advanced, and of the 
51 sheets submitted as the outcome of tho field season of 1894, 
10 are engraved and printed and more or less progress has 

. been made upon 15 others. 
As the outcome of the field season of 1895, 57 sheets have 

been submitted for engraving. Summarizing the work of the 
year, we have: Number of new topographic sheets whose 
engraving and printing were completed, 42; in hand June 30, 
1896, 26; new sheets in hand for engraving on which·work is 
not yet begun, 82. 

The arrearages in engraving work of 1892 and 1893 were 
nearly brought up to date. Of old sheets out of print, or 
which were needed to serve as bases for folios or for other pur­
poses, 59 were revised. 
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Throughout the year, as in previous years, Mr. Baker 
served as· secretary of the United States Board on Geographic 
Names, the work of which is so closely related to that of the 
Geological Survey and so useful to it. He also prepared a 
map for the Venezuelan Boundary Commission, and on May 11, 
at the request of the chairman of that body, he was detailed 
to the Commission, and since that date has given most of his 
time to its work, continuing, however, to exercise a general 
supervision over the map editing of the Survey. 

Mr. Baker was assisted during the year by Mr. H. W. 
Elmore, and for longer or shorter periods by Miss A. B. 
Dawson and Mr. R. M. Towson, the last-named having been 
employed in the work fifteen days only. Mr. James McCor­
mick assisted in the editorial work in March and April, by 
temporary detail, and in May was permanently assigned to the 
section. 

DIVISION OF ENGRAVING AND ·PRINTING. 

Mr. S. J. Kiibel was continued in charge of this division 
as chief engraver, assisted by Mr. Henry C. Evans, foreman 
of copper-plate engravers; Mr. Robert H. Payne, in charge 
of the transferring to stone ; Mr. Joseph Eckert, in charge of 
the work of the lithographic power presses; and Mr. Oscar 
Schleichert, in charge of stone work. 

Under authority granted in the urgent deficiency bill, addi­
tional space was rented for the use of this division in May, 
1896, and preparations were· at once made to increase the 
plant and force. Four lithographic steam presses and one 
type press are in operation, and two more lithographic steam 
presses are now being installed. The employees now upon 
the rolls number 55, classified as follows: Copper-plate 

· engravers, 17 ; lithographic engravers, 6 ; printers, 32. Addi­
tions are now being made to the force of copper-plate engrav­
ers through tho medium of the Civil Service Commission. 

The energies of the division were directed throughout the 
year principally to the engraving and printing of geologic 
folios and topographic atlas sheets, though considerable atten­
tion was given to collateral and incidental tasks. 

Engraving of topographic sheets.-N ew sheets to the number 
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of 48 were engraved complete, distributed by States as fol­
lows: California, 4; Colorado, 2; Georgia, 1; Kansas, 6; 
Louisiana, 1; Maryland, 1; Michigan, 2; Minnesota, 2; Massa­
chusetts, 1; Nebraska, 4; North Dakota, 4; North Carolina, 2; 
New York, 1; Oregon, 1; Pennsylvania, 4; South Dakota, 3; 
Texas, 4; Wisconsin, 1; Wyoming, 4. Of this number 42 
were printed. Of those engraved, 18 are reproductions and 
combinations, on the scale of 2 miles to the inch, of 72 she~ts 
the originals of which were drawn on the scale of 1 mile 
to the inch. The amount of engraving represented by each 
such resultant two-mile sheet, reduced as it is from four 
one-mile-scale sheets, is fully three times as gre_at as that 
involved in the preparation of a sheet on the one-mile scale. 
The introduction of much detail formerly omitted in the engrav­
ing of one-mile sheets has somewhat lessened the expected 
output of the year. The standard of execution, however, has 
been maintained, and, where possible, has been raised. In 
addition to the sheets completed, 34 had been received and the 
engraving of 19 of them was in hand at the close of the year. 

Engraving of geologic folios.-Lists of the geologic folios 
published during the year and those in press and in preparation 
have been given on pages 112, 113, and 114. 

The editions of the geologic folios completed and delivered 
during the year reached a total of 65,1:557 copies, averaging 
about 5,000 copies each. This total is 31,158 in excess of the 
total number p~·inted during the previous fiscal year. 

Of the standard topographic atlas sheets there were printed 
79,735 copies; of the east and west Washington double or 
special sheet, 3,500 copies; of the .Lake Tahoe speoial map ( 4 
sheets), 500 copies; of the special map of Philadelphia and 
vicinity, 3,364 copies; of the special map of Mount Washing­
ton and vicinity, 960 copies; of the United States nine-sheet 
map, 260 copies of sheet No. 6 and 72 of the accompanying 
index sheet; of the six-sheet geologic map of the State of New 
York (complete), 1,120 copies, and of the base of the same 
map, 416 copies. Besides, there were printed Land Office 
plats for use in Indian Territory surveys to the number of 
1,410 copies, and many cards, diagrams, etc. 
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ADMINISTRATIVE BRANCH. 

DIVISION OF DOCUMENTS, CORRESPONDENCE, .A.ND RECORDS. 

This division was continued in general charge of the chief 
clerk, Col. H. 0. Rizer,, the custody and distribution of docu­
ments and stationery being under the immediate charge of 
Dr. W. D. Wirt, and the files and records of correspondence 
and appointments in charge of Mr. J. R. Walsh until his resig­
nation on account of ill health, near the close of the year, 
when Miss Annie L. Arnold was assigned to the work. 

DOCUMENTS AND STATIONERY. 

The distribution of documents during the year has been 
large, owing to the great number of libraries designated under 
the act of January 12, 1895, to receive the publications of the 
Survey .. Nearly 109,000 volumes·of reports and over 26,000 
geologic folios were distributed during the year, the postal 
authorities having handled this enormous number of packages 
promptly and without. the loss of a single important piece. 
The distribution of the surplus copies of the office editions of 
the topographic maps was continued, as in previous years. 
There is a great demand for these maps, not only for general 
engineering and mining purposes, but also for use as road maps 
by cyclists and tourists. 

The publications received and distributed embrace the Fif­
teenth Annual Report and chapters from the same, printed as 
separates; parts 2, 3, and 4 of the Sixteenth Annual Heport, 
Bulletins Nos. 123, 124, 126, 128, 131, 132, 133, and 134, and 
geologic folios Nos. 13 and 15 to 25, besides the topographic 
sheets and other maps. 

The proceeds from the sale of publications amounted to 
$i,220.85, a sum smaller than that of the previous year. This 
is due in part to the incorporation of the report on mineral 
resources into the Annual Report, which is not a sale publica~ 
tion, and in part to the fact that considerable material which 
under the former practice would have been printed in bulletin 
or monographic form and sold is now also being published in 
the Annual Report. 
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In the distribution of documents the wants of every appli­
cant were carefully considered, and every document sent out 
was properly charged. Few, if any, of the books or maps are 
believed to have fallen into imtppreciative hands, and duplica­
tion has been avoided. 

With the growth of the Survey the demand for stationery 
ttnd office supplies steadily increases, and the keeping up of 
the stock and filling of office requisitions now makes a heavy 
demand upon the time of the force of the section. During 
the year 480 requisitions for stationery and supplies were made 
upon the Departn1ent and about 2, 700 office requisitions were 
filled. · 

Letters relating to documents, stationery, ete., to the num­
ber of 24,976 were received during the year, and 21,051 
letters were sent .. 

CORRESPONDENCE AND RECOUDS. 

The register of general e01-respondence shows that 3,316 
letters were briefed and inJexed. These were referreJ or 
otherwise appropriately disposed of. The record of letters 
sent shows an aggregate of 3,365 pages of typewritten matter 
to have been press-eopied. In addition to the care of the 
records of corresponJence,· the work embraced busines::; con­
nected with appointments and other changes in the force, and 
with leaves of absenee and attendance. The appointment 
records show .that appqintrnents and other changes were made 
in the force during the year as follows: Original appointments, 
33; appointments authorized by the Secretary, 45; renewals 
authorized by the Secretary, 11; promotions, 80; reduction, 
1; resignations and dismissals, 23; transfers to other bureaus, 
7; reinstatement, l. 

THE LIBRARY. 

The library of the Survey was continued under the charge 
of Mr. Charles C. Darwin, assisted by Miss Julia L. McCord, 
Mr. Harry W. Meredith, and· Mr. Thomas K. Gallaher. 

Its total content in books, pamphlets, and maps has increased 
to 127,285 through accessions during the year of 2,140 boo~s, 
9,342 pamphlets, and 250 maps. Of these, 1, 710 b9oks, 
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2,000 pamphlets, and 200 maps were received as the result of 
exchange. The unusual increase in pamphlets results from a 
fortunate purchase of a valuable collection of 7,342 inaugural 
dissertations relating tn chemistry, geography, geology, paleon­
tology, and lithology. These were obtained in Leipsic, and 
,were received in good order last March. Another noteworthy 
addition is a s~lection of 355 books and pamphlets from the 
remarkable and unique geological library of the late M. Gustave 
Cotteau, which was dispersed at public sale in Paris in 1895. 
'rhis has enriched the library with some rare papers not before 
obtainable. 

The growth of the library for the year is shown in detail in 
the following table: 

CONTENTS OF TilE LIBRARY, JUNE 30, 1896. 

ROOKS. 
On hand .June 30, 1895: 

Received by exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 558 
Received by purchase ....................... _......... 10,442 

36,000 
Received during the past year: 

By exchange ...................................... _... 1, 710 
By purchase.......................................... 430 

-- 2,140 

PAMPHLETS. 

On hand June 30, 1895: 
Received by exchange ...................... _ ........ . 
Received _by purchase ................................ . 

Received during the past year: 

~; ;:~~~::ee.::: ~::::::::: ·.::::::::::: ·.::: ·.::::: ~::::: 

MAPS. 
Geologic and topographic maps: 

47,579 
5,6J9 

2,0QO 
7,342 

53,198 

9,342 

On hand June 30, 1895. •••••• ...... ... . .•...... .. . . . .. . ... . ... . 26,355 

38,140 

62,540 

Received during the year..................................... 250 
--- 26,605 

Total number of books, pamphlets, an<l maps ....................... 127, 285 

The regular accessions have received proper author-entry. 
The large purchase of inaugural dissertations has compelled 
the temporary employment of another assistant, Miss Mar­
garet Latimer, who is making good progress cataloguing 
them. With this exception the working force of the library 
remains the same as during the preceding year. 
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DIVISION OF DISBU~SEMENTS AND A.CCOUNTS. 

Thit~ division has remained in charge of Mr. John D. Mc­
Chesney, chief disbursing clerk. Summarized and detailed 
statements of disbursements follow. 

FINANCIAL STATEMENT. 

Amount.< appropriated for and expended by the United States Geological Survey for the 
jiscal year ended June SO, 1896. 

Appropriation for fiscal year 
1895 and 1896-Aets ap· 
provcdMarch2, 1895; Feb­
ruary 26, 1896; April 25, 

ExpenseH Expenses 
Geological Geological 

Survey· Surrey 
1896. 1895-96. 

Engraving · 
Surveying and print- Salaries, 
lands In· ing the office ol 

dian geofogical t+eological 
Territory maps of Survey, 
1895-96. the rr. s. 1896. 

1896. 
1-----' ----- -----

1896; and from other 
sources ................•••• _$_1:28, 91R. 99 ~250, 000~ $~00, 000. 00 $65, 221. 713 $31, 390. 00 $675, 530. 75 

Amounts oxpendod 1 classi-
fied as follows: 

.A. SerYices..... ..... .. .... .. 103,229.84 172,502.28 119,939.18 47,187.83 31,236.20 474,095.33 
B. 'Craveling expenses...... 4, Oi7. 67 16,077.26 2, 223.85 45.60...... ..... 22,424.38 
C. Transportation of prop· 

D. Fi~,i~~~~bsi~i:~~c·~:::::::: 
E. Field supplies and ex· 

penses ___ .... - .... - ... . 
F. Field mttterial. .......... . 

324. 67, 2, 781. 04 828.85 13.29 .......... . 
683.52 17,327.29 30,941.211 ..................... . 

2, 423. 82 23, 031.96 18, 136. 091 ..................... . 
158. 00 2, 895. 38 19, 788. R5 ..................... . 

6, 324.45 .••...•.... 

G. Instruments ............ . 
H. Laboratory material. .... . 
I. Photogt·aphic material .. . 
K. Books and maps ......... . 

L. St~~~:riiL ~~~. -d~~":i.~~. 
1\L Illustrations for reports . 
N. Oftiee rents ............. .. 
0. Offico fnrniturH ......... .. 
P. Office supplies an<l repairs 
Q. 8torage ................ .. 
R. Correspondence ......... . 
S. Materials for engraving 

and printing maps ..... ............. -·-- ---·-· ........... . 
'.r. Bonded railroad accounts 

762. ~0 1, 318. 95 6, 694. 46 .................... .. 
1,313.01 ....................... J .................... .. 
1, 881.99 202.31 7. 201 ..................... . 
1, 053.27 67.50 ................................. . 

142.50 671.86 485.661 .................... .. 

!:~ZUL::::::::: :::::::::::::::::::::::::::::::::: 
23. 50 409. 15 130. 001 ..................... . 

565.21 666.86 240.74 ........... ·.· ....... .. 
14. 71 428. 48 223. 75 .................... .. 
5. 00 16.83 1. 50 .................... .. 

3, 947.85 
48,952.02 

43, 591.87 
22,842.23 
8, 775.61 
1, 313.01 
2, 091.50 
1, 120.77 

1, 300.02 
1, 200.85 
4,499. 88 

562.65 
1, 472.81 

666.94 
. 23.33 

6, 324.45 

settle<lat U.S.'l'reasury: 
Passenp;er............ 251.01 1, 345. 55 .. .. . .. . .. . . . . . . . .. • .. . . . . . .. . .. . 1, 596. 56 
Freight . .. .. .. .. .. . .. . .. . .. .. . .. . 273.54 .. . .. .. .. .. . .. . . . .. .. . . . . .. . . .. . .. 273. 54 

Total expenditures ~ 122,610.65 ~240,_()16· 24 -199,641.34 53,571.17 3f,236.2o647~60 
Balance unexpended July 1, --- - --- -~ I 

1R96.. .... .... ... .. .. .. .. . . . 6, 308.34 9, 983.76 358.66 11,650.59 153. SO 28,455.15 
Probal,leamountreqnired to 

meet outstanding liabilities 6, 308. 34 9, 983.76 358. 6b 11, 650. 59!........... 28, 301.35 

ANALYSIS OF DISBURSEMENTS. 

Under the following hearls appear the total expenditures under the various appropriations: 
I. Salaries, office of Geological Survey .................................................... $31, 236.20 
2. Salarios ofMcientitic a~sistants ..................................... ..................... 29,900.00 
3. Skille<llahorers, and various temporary employees...................................... 12,996.78 

t l;~~~;;;:p.~:.·:::::::::::::::: .·:::::::::::::::::::::::.:::::: .·:::::::::::::::::::::::::::: 1~~: i~~ .. ~: 
6. Paleontology . .. .. . .. . . . .. . . . . . .. .. .. .. . .. .. . . .. . . .. . .. . . . . .. .. .. .. .. . .. .. . . .. . .. .. .. . .. . 8, 937. 30 
7. Chemical and physical researches....................................................... 8, 148.01 
8. Preparation of illustrations............................................................. 12,747.13. 
9. Mineral resources of the Unit11<l States ................. ~............................... 17,941.91 

}t ~:~t~~~~~~~:~?.:~E:: ::::::::::::::::::: :~::::::: ::::::::::::::::::::::::::::::::::::: 2t m: ~: 
13. Coal anrl p;old resonrce.s of Alaska...................................................... 4. 570.64 
H. En1->Taving an<l printing geological nmps of ~he United States.......................... 53,571.17 
15. Surveying lands in the Indian Territory ................................................ 199,641.34 

TotaL ................................................................................ 647,075.60 
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DETAILED STATEMENT OF EXPENDITURES. 

Abstract of disbursements made by John D'. McChesn.ey, chief d·isbursing clerk, United 
States Geological Survey, from April11, 1895, to June SO, 1896. 

Date of 
payment. 

-----
1895. 

uly J 
A ug. 

31 
31 

Sept. 30 
Oct. 31 
Nov. 12 

30 
D ec. 14 

31 
1896. 

Jan. 31 
F eb. 29 
Mar. 9 

31 
A pr. 30 
May 31 
June 30 

.... ..; 
<0] 
eg 
~" ~ --

1 
1 
1 
1 
1 

2 
1 
2 

1 
1 
1 
2 
1 
1 
1 

SALARIES. OF.FICE OF GEOLOGICAL SURVEY . 

To whom paid. Ji'or what paid. Amount 

Pay rol 
..... do 

Services, July, 1895 ...... .. 
Services, August, 1895 ..... . 

1 of employees ...... . 

..... do· Services, September, 1895 .. 
Services, October, 1896 ..... 
Services, Sept. 23to Oct. 22, 

$2,643.60 
2,643.60 
2,543.91 
2,607.77 ..... do 

Wm.M. Pippen ........... .. 48.91 

Pay rol 1 of employees ...... . 
H.l\f. D 
Pay rol 

oyle ................ . 
1 of employees ..... .. 

1895. 
Services, NovAmber, 1895 .. 
Services, Dec. 1 to 11, 1895. 
Services, December, 1895 ... 

2,560.30 
• 17.93 
2,607.16 

Pay rol 1 of employees...... . Services, January, 1896.... 2, 673. 05 
. . .. .. . .. .. .. .. .. .. .. Services, February, 1896... 2, 494. 81 
F. Harvey.......... Services, Mar. 1 to 9, 1896... 11. 87 

1 of employees....... SArvices, March, 1896 .... --~ 2, 551.71 
. . .. ... . .. .. . . .. . .. .. Services, April, 1896....... 2, 571.44 
. .. .. .. .. .. .. .. .. .. .. Services, May, 1896.... .. .. 2, 672. 84 

.· .... do 
Samuel 
Pay rol 
..... do 
..... do 
..... do . ..... .... . .. . . .. .. .... Services, June, 1896....... 2, 587.30 

T otal ........................................... ·1"31,236.2() 

ENGRAVING AND PRINTING THE GEOLOGICAL MAPS OF THE UNITED STATES. 

1895. 
July 1 

5 
31 
31 
31 

Aug. 12 
22 
15 
31 
31 

Sept. 12 
14 
20 
23 
27 

9 
30 
30 
30 

Oct. 4 

5 
10 
10 
25 
26 

1 Ross E. Gra.y... .... .. .. .. .. Services, July 1-5, 1895 ... .. 
2 John Metzeroth ................. do· .................. .. 
3 James Callahan ............ Services, July 1-15, 1895 .. .. 
4 Pay roll of employees ....... Services, .July, 1895 ...... .. 
5 ..... do .......................... do .................. .. 
1 Mutual Dist. MAsRenger Co .. Rnrglar-ala,rmservices .... . 
2 Fuchs & Lang Mfg. Co .... ·I Engravers' snpplies ....... . 
3 Pay roll of employees....... Sen'ices, August, 1895 .... . 
4 ..... do .......................... do ................... . 
5 1"1. Martell .. .. .. .. .. .. .. .. Services, Aug. 1-2!), 189i', .. . 
1 L. H. Schneider's Son . . . . . . . Engravers' supplies ....... . 
2 E. Sherwood Morgan...... . . Electric motor ............ . 
3 Department of the Interior.. Engravers' supplies ....... . 
4 Z. D. Gilman ..................... uo .................. .. 
5 Ernest J(iibel............... Roulettes a.ncl electrotyping 
6 Frederick .J. Sherer......... Sen·ices, Sept. 1-16, 1895 ... 
7 W. D. Evans................ Services, September, 1895 .. 
8 Pay roll of employees . .' .......... do .................. .. 
9 ..... do .......................... do .................. .. 
1 A. D. Farmer & Son Typo Engravers' supplies ....... . 

Foundry Co. 
2 W. P. Robinson............. Services, Sept. 1-30, 18H5 .. . 

·3 C.& W.PyleCo ............ Engravers'supplies ...... .. 
4 E. C. Fuller & Co ........... Stitching machine, etc .... . 
5 Lansburgh & Bro . . . . . . . . . . Engravers' supplies ....... . 
6 Hugh Riley ..................... do ................... . 

$15.00 
16.25 
30.60 

2,095.00 
1,774.65 

8. 00 
1.50 

2,069.70 
1,815.65 

47.28 
103.01 
170.00 
27.18 

8.08 
478.60 

6.00 
97.80 

1,888.13 
1,648.80 

71.33 

58.80 
152.32 
464.50 
47.tl2 
2.20 
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.Abstract ·of disbtirsements made by John D. McChesney, chief disburBing clerk, United 
States Geological Sztrvey, etc.-Continued. 

ENGRAVING AND PRINTING THE GEOLOGICAL :MAPS, ETC.-Continuetl. 

~~ 
Date of O,Q 

'" payment. zg 
"~ 
--

1895. 
Oct. 31 7 

31 8 
31 9 
:n 10 

Nov. 9 1 
H 2 
14 3 

' 23 4 
26 5 
26 6 
30 7 
30 8 
30 9 

Dec. 7 1 
9 2 

12 3 
12 4 
13 5 
14 6 
14- 7 

_23 8 
28 9 
31 10 
31 11 
31 12 

1896. 
Jan. 8 1 

8 2 
8 3 
8 4 
9 5 

11 6 
15 7 
15 8 
16 9 

231 
10 

28 11 
28 12 
28 13 
28 14 
28 15 
28 16 
28 17 
28 18 
28 19 

Feb. 14 1 
14 2 
14 3 
14 4 
14 5 
15 6 
18 7 
18 8 
18 9 
20 10 
20 11 
20 12 
21 13 

---,---------- --.---
To whom paid. For what paid. 

------------- ---------

Paul A. 
Walter 

Kuhnel....... .. . . .. Services, Sept. 30, 1895 .... . 
D. Evans...... .. .. .. Services, October, 1895 .... . 

Payroll 
..... do. 
Departt 
J<'. Wesc 
W.D.Cl 

of employees ............ do .................. .. 
......................... do ................... . 

nent of the Interior.. Engravers' supplies ....... ·I 
lMfg.Co ................ do .................. .. 
ark& Co ................ do .................. .. 

W.A.Pa te ....................... do .................. .. 
W.C.Ne wton & Co .............. do ................... . 
E.E . .Ta 
W.D.E 

ckson & Co ......... Bed block for press ...... .. 
vans ................ Services, November, 1895 ... 

Pay roll 
..... do. 

of employees. . .. .. . .. ... do .................. .. 
......................... do .................. .. 

Mackall 
IL Hoc 

Bros. & Flemer _. . . Engravers' supplies ....... . 
&Co .................... llo ................... . 

Robert 
Harold 

Mayer & Co .............. do ................... . 
E. Pine ............. Services, Dec. 1-12, 1895 ... 

Depart ment of the Interior.. Supplies ................ .. 
Ernest I 
Mutual 
Geo.F. 
S. J. Kii 
Walter I 

{tibel............... Copper plates ........... .. 
Dist. MesRengcr Co.. Burglar-u.Iarm service .... ·. 

Muth &Co .......... Supplies ................ .. 
bel...... .. .. . .. .. . . Traveling supplies ....... . 
>.E\•ans ............ Services, December, 1895 .. 

Pay roll of employees ............ do .................. .. 
..... do. ......................... do ................... . 

Aflams 
U.S. Ex 

Express Co .......... Freight charges ......... .. 
press Co ................. do ................... . 

Gco. \V. Knox Express Co ........ do .................. .. 
Louis G ehlert .. .. .. .. .. .. .. Supplies ................ .. 
Shoemal ier & Busch ............. do ................... . 
Bureau 
C. Schue 
H. Hoffa 

Engraving&Printing gngraving on steel .... _ .. . 
ider...... .. .. .. .. . . Engraving supplies ..... .. 
......................... flo ................... . 

Dcpartn 
.J. H. Ch 
Woodw 
M. \V. B 
Ern eAt 
Bureau 
W.C.N 
Lansbur 
Walter 1 
Pay roll 
..... do .. 
Geo.J<'. 
Mackall 

1ent of the Interior.. Supplies ................. . 
esley & Co .......... I __ ... do ................... _ 
ard & Lothrop ....... '--·- .no .................. .. 
everidge ........... ·[--· .. do .................. .. 

Kiibel ............... 
1 

Coprer plates ........... .. 
Engraving&.Printingj Steel plate .............. .. 
ewton & Co.... . .. .. Supplies ................ .. 
gh & Bro ................ do ................... . 
). Evans ........... -~ Services, January, 1896 ... . 

~~- ~~:~~:~~~:: ::::: :::: :~~ :::::::::::::::::::: 
Mnth &. Co .......... Engravers' supplies ...... . 

Bros. & J!'leruer ......... do .................. .. 
Lansbu 
Burchn.r 

rgh & Bro ............... do ................... . 
d & Co .................. do .................. .. 

Mutual 
Depart 
Wm.D. 

Dist. l\Ics~enger Co.. Burglar-alarm service ..... . 
meutof the Interior.. Supplies ................ .. 

Castle ................... do .................. .. 
J.E. Hn 
Geo. Mei 
W.B.M 
W.A.P 

rley ................ Repairs ................. .. 
er & Co............ Lithographic stoiles ...... . 

oses & Sons......... Supplies ..... : .. ........ .. 
ate ....................... do .................. .. 

'l'hos.W . Smith .................. rlo ................... . 
Herman Baumgarten . . .. . .. R.epairs .................. . 

Amount. 

$2.50 
101.10 

1,958.50 
1,862.10 

167.50 
60.86 
20.56 
42.00 
40.84 
8. 00 

97.80 
1,898.00 
1,860.70 

78.63 
24.26 
33.48 
7.50 

31.70 
267.75 
24.00 
15.75 
20.75 

101. 10 
1,958.50 
1,928.()0 

2.20 
.25 

4.20 
15.00 
30.58 
14.70 

. 75 
73.25 

501.12 
.!J8 

3.00 
.14 

267.75 
6.65 

150.75 
13.21 

102.20 
1, 878.60 
2,112.00 
. .45 

13.02 
96.89 
2.50 

24.00 
77.59 
4.85 
9.88 

197.05 
2.00 

24.88 
19.80 
1.50 
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Abstract of disbursements made by .TuTm D .. McChesney, chief disbursing clerk, Dnited 
States fieoloyical Survey, etc.-Continued. 

ENGRAVING A~D PRINTING THE GEOLOGICAL MAPS, ETC.-Continued. 

----,--,--- --· ·----

~~I Date of 
}Hlyment. 

Zo 
~ 

To whon1 paill. For what }mid. 

---- --- ------- ------

1896 
Fe h. 21 14 

29 15 
R.ooert Mayer & Co ......... Supplies ................. . 
E. E. Jackson & Co .............. do .... .' ............. .. 

29 16 R. Hoe & Co ..................... do .................. .. 
29 17 
29 18 
29 19 

Walter D. Evans ............ Services, February, 1896 .. . 
Pay roll of employees ............ do .................... . 
..... do ........................... do .................. .. 

Mar. 7 1 Maurice Joyce Engraving Co. Correcting block and mak-

7 2 
11 3 
12 4 
13 5 

., ing ~ type. 
L. H. Schneider's Son ....... :Supp.hes ................ .. 
Meyer Bros. Drug Co ............ do ................... . 
Department of the Interior ....... do .................. .. 
E. C. Fuller & Co ................ do .................. .. 

18 6 Hugh Heilly ..................... do .................. .. 
13 7 
21 8 
23 9 

Mutual Dist. Messenger Co .. Burglar-alarm services ... . 
Shoemaker & Busch.... . . .. Supplies ................ .. 
W.A.Pate ....................... do ................... . 

21 10 Paul A. Kuhne I....... . .. . .. Services, Mar. 1-20, 1896 ... 
21 11 
21 12 

U.S. Express Co ............ Freight charges .......... . 
Adams Express Co ............... do .................... . 

21 13 
31 14 
31 15 
31 16 

Gco. W. Knox Express Co . . . Freight charges aud hauling 
Fuchs & Lang Mfg. Co . .. .. Supplies ................ .. 
\V.D.Evaus ................ Services, March, 1896 .... .. 
Pay roll of employees ............ do .................. .. 

31 17 ..... do ........................... do ................... . 
Apr. 8 1 

8 2 
10 3 

Ernest Kiibel............... Electrotyping bassos ...... . 
Z. D. Gilman............... Supplies ................. .. 
Mackall Bros. & Flemer .......... do .................. .. 

11 4 Shoemaker & Busch ............. do .................. .. 
8 5 Z. D. Gilman .................... do .................. .. 

10 6 Department of the Interior ....... do .................. .. 
10 7 Chas. A. Muddiman......... Gas stoves ............... .. 
8 8 

22 9 
24 10 

U.S. Express Co .......... --~ Freight charges ......... .. 
.J. II. Che~ley & Co ......... Supplies ................. .. 
Hugh Reilly ..................... tlo .................. .. 

25 11 
30 12 
30 13 
30 ' 14 
30 15 
30 16 

Harry C . .Jones .............. EngravP<i blocks ......... .. 
Andrew B. Graham .......... Photolithographic transfers 
Ernest Kiibel. .............. Supplies ................. .. 
Beuj. S. Stewart ............ Services, Apr. 2'1, 30, 1896 .. . 
\V. D. Evans ................ Services, AJlril, 1896 ...... . 
Pay roll of employees ............ do ................... . 

30 17 ..... do ......................... flo ................... . 
6 1 
6 2 
6 3 

May Ernest Kiibel. .............. Copperplates ............ .. 
J. H. Chesley & Co ......... Supplies .................. . 
W. C. Newton & Co .............. do .................. .. 

6 4 Mackall _Bros. & Flemer .......... do ................... . 
11 5 
13 6 
13 7 

Mutual Dist. MeRseng<Jr Co .. Rnrglar-alarm service .... .. 
Shoemaker & Busch........ Supplies ................. .. 
The Celluloi<l Co ................. do ................... . 

16 8 Chas. Hellmuth .................. do .................. .. 
16 9 Thos. \V. Smith .................. do ......... · ......... .. 
18 10 Z. D. Gilman .................... do .................. .. 
18 11 Department of the Interior ....... do .................. .. 
19 12 Geo . .F. Muth & Co .............. do .................. .. 
22 13 ·wm. D. Clark & Co .............. do .................. .. 
26 14 
29 15 
29 16 

Wm. D. Castle.............. Supplies and repairs ...... . 
Lansbnrgh&Bro ................ do .................. .. 
W. D. Evans ................ Services, May, 1896 ....... .. 

29' 17 
29 18 

Pay roll of employees ............ do ................... . 
Pay roll of employees ........... do .................. .. 

Amon11t. 

$13.75 
13.86 
30.39 
95.60 

1, 757.80 
1,988.85 

3.50 

7.-37 
1. 20 

30.40 
1. 35 
1. 40 
8.00 
1. 60 

30.48 
30.00 
2.38 
2.15 
1.11 
4.75 

102.20 
2,494.60 
1,37fi.80 

272.10 
1. 00 

41.fi2 
3. ·14 

. 70 
481.68 

6.15 
1. 00 
. 96 

1. 40 
24.08 
25.20 
47.38 

9.00 
98.90 

2,390.95 
1,440.75 

267.75 
3.93 

87.44 
19.43 
8.00 
1. 44. 

85.00 
15.00 

106.00 
2.58 

26.90 
3.04 

32.69 
18.10 
3.60 

102.20 
2,409.57 
1, 461. 65 
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~bstmct of disbtwsements made by John D. McChesney, chief disbursing clerk, United 
States Geological Snrvey, etc.-Continued. 

ENGRAVING' AND PRINTING 'l'HE GEOLOGICAL MAPS, ETC.-Continuer]. 

..; 
.... " Dato of o_, 

payment. ~g ... 
To whom paid. .For what paid. Amount. 

---- --
18!)6 

,Juno 6 1 
9 2· 

12 3 
13 4 

Andrew B. Graham • . . . . . . . . Photolithographing maps.. $14, 00 
Department of the Interior. Supplies .......... , . . . . . . . 102.15 
S. J. Kuhl. ................. Traveling expenses........ 24.85 
II. Hoffa . .. . . . . .. .. . . .. .. .. Supplies . . . . . . . . . . .. .. . .. .. 18. 00 

20 5 Mackall Bros. & Flemer .......... do . . .. . . .. .. .. .. . . . . . . 19. 43 
20 6 
20 7 

Melville Lintlsay ................ clo ...... .... .... ...... 5.50 
Mutual Dist. Messenger Co .. Services................... 8.00 

20 8 Eruest Kiihel............... Machinery, etc . . . . . . . . . • . . 517.75 
15 9 Thomas Solan.............. Services, June 1-15,1896... 10.00 
26 10 John C. Parker ............. Supplies.................. 31.50 
30 11 
30 12 
30 13 
30 14 
30 15 

Shoemaker & Busch ............. do .................... 
1 

37.80 
Gco. I<'. Muth & Co ............... flo ...... ...... ........ 15.00 
W. D. Evans ................ Services, June, 1896 ........ 1 98.90 
Pay roll of employees ............ do .................... ) 2, 339. 35 
..... flo .......................... do .............. -----·\ 1,468.25 

-----
Total ............................................ I 53,571. 17 

----'---'--- ---- ------- ·---- ---------~--

GENERAL EXPENSES OF TilE GEOLOGICAL SURVEY, 1896. 

JULY, 1895. 

--.----------------,------------------
July 18 

18 
18 
18 
19 
18 
18 
22 
22 
22 
25 
24 
25 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

1 I L. H. Taylor...... . . . . . . . . . . Services, July 1-3, 1895 ..... I 
2 Cyrus C.llabb ............. , Services, July 1-15, 1895 ... . 
3 1<'. H. New~ll ................ Field services ............ . 
4 Chas. L. Conclitt............ Publication ...•........... 
5 B. F. Phillips............... Services, July 1-6,1895 .... . 
6 Flormwe Pollock........... Services, July 1-9, 1895 .... . 
7 Charles E. :Munroe ......... Analyses ofrocks ......... . 
8 A.M. H~·on................. Services, July 1-6,1895 .... . 
9 \V. G. Pnrssell .............. Services, July 1-16,1895 ... . 

10 Elwood Meacl............... Services, July 1-18, 1895 ... . 
11 Philac:lelphia &Reading R.R. 'l'ransportationofassistant. 
12 Frances Wieser ............. ~rawil~gs ................ . 
13 G. K. Gilhert ............... lravehng expenses ....... . 
14 C. C. \Villard ............... Rentofofficerooms,.July,'95 
15 C.KirchhofL ............... Services, July, 1895 ....... . 
16 .James M. Swank ................. do ....•..•............ 
17 T. M. Stanton ................... .clo .................. .. 
18 ]<'.Berger ........................ do ................... . 
19 L.P.l:lnsh ....................... do ................... . 
20 Bailey Willis .................... do ................... . 
21 R. U. Goode ..................... do ................... . 
22 Gilbert Tl1ompson. ~ ...... __ ....... do .. _. _ .. ____ . _ ... _. _. 
23 Frank Burns .................... do ................... . 
2-i Pay roll of employees ...... _ ..... do ............ _ ..... .. 
25 ..... do .......................... do ................... . 
26 ..... do.··--·· ................... do ...... ---- ........ .. 
27 ..... do ............... : .......... do ................... . 
28 ..... do .......................... do ................... . 
:!9 ...•. do .......................... do ................... . 
30 .•.•. do .......................... do ................... . 
31 ..... do .......................... clo ................... . 
32 Marvin.J. Welch ................. do ..... · .............. . 

Total .............. .. 

----~-------------~---------~------------------

$16.00 
6ti. 00 
69.65 
7.50 
7.74 

16.00 
48.00 
30.00 
78.00 
90.00 
30.30 

105.00 
41.00 

349.99 
135.00 
135.00 
132.06 
80.00 
65.00 

252.70 
210.60 
168.50. 
50.50 

901.40 
817.10 

1,042.27 
336.90 
471.70 
850.70 

1, 080.10 
558.63 
25.50 

8,268.84 
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Abstract of disllursements rnade by John D. McChesney, chi1f disbursing clerk, United 
States Geological Snrvey, etc.-Continued. 

GENERAL EXPENSES. 01'' THE GEOLOGICAl, SURVEY, 1896-Cont.inued. 

Date of 
payment. 

Aug. 3 
3 
8 
6 
9 
9 
9 

10 
9 
9 

13 
13 
14 
14 
14 
14 
13 
13 
13 
14 
15 
15 
12 
20 
19 
21 
21 
23 
26 
26 
26 
26 
26 
26 
26 
26 
26 I 

26 
26 
26 
24 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

. 31 
31 
31 
31 

AUGUST, 1895. 

To whom Jmicl. For what pr.id. Amount. 

1 G. N. Saegmnller..... . . . . . . Instruments and repairs . . . $190. 00 
2 ..... do .......................... do.................... 100.00 
3 G. K.Gilbert ............... Fieldcxpenses............. 57.86 
4/ W. T. Gri~wold ............. ~ervic~s, July, 18fl5.... .... 168.50 
5 A. P. Dav1s ................. fravclmg exper.scs.... .... 87.50 
6 ..... do . . . . . . . . . . . . . . . . . . . . . Field expenses . . . . . . . . . . . . 82. 20 
7 F. H. Newell .................... do.................... 35.00 
8 Cyrus C. Babb ............. Traveling expenses........ 36.20 
9 G. F. Sherman.............. Services, .July 15-Aug.1,'95. 96.00 

10 D. C. Humphreys........... Services, July 22-Aug. 3,'95. 72.00 
11 W. G. Russell . . . . . . . .. . . . . . Services, July 18-31, 1895... 72.00 
12 A. M. Ryon. .. . . . . .. . . . . . . . . Services, July 19-24, 1895... 30.00 
13 J.B.Lippincott ............ Services,July6-16,1895.... 59.50 
14 P. E. Harroun.............. Services, July 1-22, 1895.... 96.00 
15 ..... do ..................... Services,.July23-Aug.2,'95. · 60.00 
16' O.V.P.Swut .............. Services,July2-17,1895.... 75.00 
17 G. K. Gilbert....... . .. . . . .. Field expenses . .. . . . . . .. .. 48.76 
18 T. W. Stanton ................... do.................... 25.76 
19 Henry Romei ke . . .. . . .. . . . . Press clippings . . .. . .. . . . .. 8. 12 
20 Edgar A. ·werner........... Publications .. . . .. . ... .. . . 16.25 
21 }'red J. Lung. . . . . ... . . .. . .. . Record case . . . . .. .. . . .. . . . 125. 00 
22 De Lancey W. Gill...... . . . . Traveling expenses . . . . . . . . 22. 20 
23 Adams Express Co.......... Freight cnarges . . . . . . . . . . . 5. 70 
24 John S.Arndt .............. Report.................... 10.00 
25 Cyrus C. Babb .............. Field expenses . . .. .. .. . .. . 41.25 
26 .James B. Lambie........... Supplies . . .. .. . . .. .. .. .. . . 51.80 
27 Wm. A. Rahorg. . . . . . . . . . . . . Traveling expenses........ 3. 75 
28 H. 0. Hofman...... . .. . . . .. 'rests of tire olay.......... 15. 00 
29 John Reynolds . .. . .. . Services, July 20-26, 1895... 9. 00 
30 Eugene Cobb .................... do.................... 9.00 
31 ·wm.C.Day ................ Services,.Jnly1-Aug.10,'95. 175.00 
33 1 Fillmore Cogswell .......... Servioes, July 8-18, 1895.... 60.00 
33 K C. Murphy .. . . . . .. .. .. .. Services, July 13-27, 1895... 81. OO· 
3,1 L. H. Taylor ............... Services,July10-Aug.l3,'95 48.00 
35 P. E. Harroun.......... . . . . Services, Aug. 5-14, 1895.... 54. 00 
36 J. S. J. Lallie .. .. .. . . .. . . .. Repairs to meters...... .. . . 39. 70 
37 W. T. GalliheT.............. Supplies .. . . . . .. .. . . . . . . . . 91:86 
38 F. H. Newell.. .. .. . . . . . . .. . . l!'ield expenses .. .. .. . . .. .. 26. 00 
3fJ ••••. do .......................... do . . . . . . . . . . . . . . . . . . . . 9. 00 
40 Stephenson's Express....... Hauling laboratory material 18.00 
41 U.S. Express Co............ Freight charges .. .. . . . . .. . . 80 
42 C. C. Willard............... Rentofofficerooms,Aug.,'!J5 349.99 
43 L. P. Bush...... . . . . .. .. .. .. Services, August, 1t:95...... 65. 00 
44 .Jno. R. Hudson .................. do . .. . . . .. . . .. . . . . . . .. 60. 60 
,15 \V. T. Griswold .................. do ............. :.. .. .. 168.50 
46 GilbertThompson ............... do.................... 168.50 
47 H.U.Good.A ..................... <lo ...... _ ....... o...... 210.60 
48 Bailey Willis .................... do . . .. .. .. .. . . . . . . .. . . 2i:>2. 70 
Ml Payrollofemployees ........... do.................... 901.,10 
50 ..... do .......................... do . . . . . . . . . . . . . . . . . . . . 817. 10 

H ~ ~~ II.,.~ ) ~ !~ ~ ~ :; ! !!] ! !!f!_ ~! ~: !!! ::: !!~~ !•!! -::-1-t-i~-!-! 
I 
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Abstract of disbttrstmwnts made by John D. McChesney, chief disburBing clerk, United 
States Geological Survey, etc.-Continued. 

GEN"ER.A.L EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continneu. 

SEPTEMBER, 1895. 

----~~~~ ---~ ~--~ ~-------~ ... ..: 
Date of '=:~ 

payment. z g 
~ 

To whom paid. For what paid. Amount. 

------------ -------1----

Sept. 9 
9 
9 
9 
9 

10 
9 
9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 I 10 
10 
10 
10 
10 
w 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
14 
14 
14 
14 
14 
21 
20 
20 
20 
23 
27 

25 
30 
30 
30 
30 
30 
30 
30 

1 T. \V. Stanton,._.... . . . . . . . . Services, August, 1895 ..... . 
2 P. H. Newell. .. .. .. .. .. .. .. Traveling expenses ...... .. 
3 ..... do ..................... Fieldexpenses ........... .. 
4 ..... do .......................... do .................. .. 
5 Cyrus C. Babb ................... <lo .................. .. 
6 ..... do .......................... do ................... . 
7 G. K. Gilbert .................... do .................. .. 
8 ..... do ..................... Traveling expenses ....... . 
9 J .. Jardine .................. Services,July andAng.,1895 

10 .J. L. Prentiss .................... do ................... . 
11 S. P. Brown ................ • ..... do ................... . 
12 Henry V. Smith ............ ' ..... do .................. .. 
13 Frank Jacobs .................... do .................. .. 
14 .John Murdock ................... do .................... 

1 

~~ i: ~-- ~~~~~: :::::::::: :::::: :::: :~~ :::::::::::::: ::::::I 
17 R. L.Holder ..................... do .................. .. 
18 Frank Roper ..................... do .................. .. 
19 T. F. Burke ..................... do .................. .. 
20 Chas. 8. Davis .................. do .................. .. 
21 Frank Adair ..................... do ................... . 
22 J.II. Schofield .................. do ................... . 
23 R.N. Gill. ....................... do ................... . 
24 George Robertson ............... do .................. .. 
25 Mary}), Smith ................. do ...... ------ ...... .. 
26 B. W. Vedder. .......... _ ........ do .................. .. 
27 J. P. Lippencott,............ Services, July 22-31, 1895 .. . 
28 ..... do .. .. . .. .. .. .. .. .. .. .. Services, Aug.1-16, 1895 .. .. 
2-9

1 

'V. G. Russell ............. _- Services, Aug. 1-20, 1895 .. .. 
30 0. V. Stout................. Services, Aug. 6-28, 1895 .. .. 
31 P. E. Herroun .............. Services, Aug.15-31, 1895 ... 

1 - 32 L. II. Taylor_............... Services, Aug.17-25, 1895 .. . 
33 D. C. Humpheys ...... _..... Services, Aug. 20-31, 1895 ... 
34 Francis Weiser ... '.......... Original drawings ....... .. 
35 S. A. Newberry ............. Repor.toncemcnt ........ _. 
36 L. H. Schneider's Son. .. .. .. Supplies ................ .. 
37 Leon Sloss, agent . . . . . . . . . . . 'frausportatiou of asRistants 
38 St. L. & San Fran. R. R. Co ....... do ................... _,_ 
39 A. P. Davi8 .. .. . .. .. . .. . .. .. Fiehl expenses ...... : .. ... \ 
40 ..... do ..................... Traveling expenses ........ ' 
41 Lester F. ·ward .................. do .................. .. 
42 Geo. H. Girty .................... do .......... , ......... . 
43 ..... do .. .. .. .. .. .. .. .. .. .. . Field expenses .......... .. 
44 Mary Bryant . . . . . . . . . . . . . . . Services, Sept. 1-16, 1895 .. . 
4.!) 'I'. W. Stanton ........ _. ..... . Traveling expenses ....... _ 
46 Department of -the Interior .. Illustration supplies ...... . 
4 7 . _ ... do .......... ' ............ Paleontologic supplies ... .. 
48 Z. D. Gilman .. .. .. .. .. .. .. . Supplies ................. .. 
49 D. McRae . . . . . . . . . . . . . . . . . . Boxing and hauling speci-

mens. 
50 N.H. Darton ............... Traveling expenses ........ 

1

. 

51 F. II. Newell ................ Field expenses .-.......... . 

~~ -i\/L~,~i~~:::: :::::::::::: -s~~~~~e;;:A~i;: -1~io,' is95:::1 
54 Fillmore Cogswell .......... Services, Aug. 26-31, 1895 .. 
55 A.M. Ryon ................ _ Services, Sept. 2-9, 1895 _ .. . 
56 P. E. H:uroun .· ............. 

1 

Services, Sept. 2-10, 1895.--1 
57 .John Birkinbine . .... -.: ..... Traveling expenses ........ 

$134.80 
48.85. 
23.00 
11.00 
52.95 
25.80 

262.93 
14.80 
6.00 

10.00 
6.00 

14.00 
6.00 

10.00 
15.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 

63.00 
98.00 
99.00 

117.00 
90.00 
48.00 
66.00 

105.45 
50.00 
15.60 

111.50 
24.50 

175.70 
92.60 

106.80 
16. 10 
2.50 
7.83 

109.60 
199.37 

1. 20 
79.07 
5.00 

40.53 
21.00 
49.74 
99.00 
33.00 
42.00 
48.00 

103.43 
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Abstract of disbursement8 made b_y John D. McChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

Date of 
payment. 

GENl<oRAL EXPENSES OF TTIF. GEOLOGICAL SURVEY, 1896-Continue<l. 

SEPTEMRRR, 1895-Cont.inued. 

-------------------------

To wbom pa.id. For what paid. ..Amount. 

-------1----------------------------

Sept. 30 
30 
30 
30 
30 
:~o 
30 
30 
30 
30 
30 
30 
30 
30 

58 Wm. C. Douglass . . . . . . . . . . . ServiceR, Sept. 2-5, 1895 ___ _ 
5[) Cyrus C. Babb .. __ . __ ..... _. Services, September, 1895 __ 
60 Bailey Willis. ___ ...... _._ ....... do . _ .. _. __ . __ . __ . _ .. _. 
6t R. U. Goode·---·----------- ____ .do. _____ -----·------ __ 
62 Gilbert Thompson .. _ .. _ ......... do .. ____ . ____ . _____ . _. 
63 W. '1'. Griswold ___ ....... __ ...... do . _. ___ . ____ . ______ .. 
64 Pay roll of employees ...... _ .... do ____ . _ . ___ . ________ _ 
65 _._._do .......... , ............... tlo ______ .. ___ .. ____ . __ 
66 _ .. _ . do __ .. _ ..... _ ... -... __ ...... do . __________ . _______ .-
67 ____ .do.-------------------- ____ .do------ _____________ _ 
68 ..... do ........................ __ do .. __ . _____ .. _ .. ___ . _ 
69 . ___ .do_. ______ .. _. __ .... _._ .... _do . _____ . _____ . ______ _ 
70 ..... do ..................... ____ . do ___ .. ___ .. ________ __ 

$6.00 
97.80 

244.60 
203.80 
163.00 
163.00 
872.20 
790.80 

1,030.11 
556.60 
456.60 
802.39 
977.50 
492.00 71 _ .... do ___ .......... -- -- -- -- .. -- -do - -- -- - -- .. -- -- -- -- -- \ 

·---
9,667.05 Total ______ . __ .. _ . .. . _____________ .. _ .. _ ... ____ --I 

----~-~----- -~--

---
Oct. 2 

2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 

10 
10 
10 
10 
J1 
11 
10 
10 
12 
12 
12 
12 
12 
14 
14 
14 
11 
25 
25 
25 
25 
25 
25 
25 
26 
28 

OcTOBER, 189J. 

1 N. American Commercial Co. Boartl and lodging, etc __ ._/ 
2 ___ .do . __ .. ___ .. __________ . Transportation ?fassistants I 
3 ..... do ......... __ .... -- .. '. . Board ancllodgmg ______ __ 
4 .. do .. __ ........ __ -- __ .. Hire of transportation .... _ 
5 Joseph D. 'Veeks ........... Services,July1-Sept.H,'95. 
6 R. R. Gurley .. __ .... ____ .. _. Traveling expenses .. ------~ 
7 Oreg., S. L. & U.N. Rwy.... T:ansporta.t_ionofassistants 
8 Filmore Cogswell .. .. .. .. . . Fwld matenal. ___ .. __ ..... 
9 C. C. Willard. __ .. _.... .. .. . Rentofofticerooms,Sept., '95 

10 Francis ·wieser ...... ------. Origiut~l drawings .... ____ . 
11 ~·.H. Newell. ..... ------ .... Field expenseR ------ ____ __ 
12 U.S. Express Co .... ---- ..... Freight; charges .......... _ 
13 Robert Heall . ____ .... __ .... Pn hlications ...... __ .... .. 
14 L. P. Bush .. __ .......... __ .. Services, Sept. 1-30, 18[)5 .. _ 
15 Fred F. B. Coffin .. _. __ .. _ .. _ Services, Sept. 16-30, 1895 _. 
16 John Birkinbine .......... _ Rervic':s, .Jnly1-Sept. 30,'95.

1 

18 Wm. H. nan . __ .... .. .. .. .. Travelmg expenses .... __ .. 
19 Chester W. Purrington .. ___ .... _do ...... ____ • __ .... __ . 
20 Southern Pacific Co---- .... Transportationofassistants 
21 Northern Pacific R. R. Co -- -~---- -do ------ ------ ------ --
22 Cyrus C. Babb. ------ ...... Traveling expenses ...... .. 
23 ... _do ...... _ .. .. .. .. .. .. .. Field expenses ........... . 
24 G. K. Gilbert ...... __ .. __ .. _ Traveling expense~ .. __ .. .. 

~~ . ::: : ~~ :::::: :::::: :::: ::::: . ~~i~~~0e~=~-n_s_e_s_:::::::::::: 
27 N.H. Darton·-------------- ..... do--------------------
28 Oreg. Rwy. & Navigation Co 'l'ransportation of assistants 
29 Adams Express Co .. __ .. .. . Freight charges .......... _ 
30 T. Wayland Vaughan .. __ .. _ Traveling expenses ...... .. 
31 Department of the Interior__ Illustration supplies. __ . __ _ 
32 Herman Baumgarten ...... _ ..... do .................. .. 
33 Fred. J. Lung ...... -- ........ __ . do ................... . 
34 James B. La.m hie . __ .... .. .. Supplies ______ ........... _ 
35 F. H. NewelL ........ _ .. __ .. :E'ield expenses .. ____ ..... _ 
36 .... do--------------------- ..... do--------------------
37 .... do ... _ .................... __ do .... _ .. _ ... - .. -----. 
38 E. C. Murphy ....•... __ ... ,: Services, Sept. 4-14, 18!-15 ... 
3!} A. P. Davis .... __ ........ _ __ '!'raveling expensea---- . --. 

$!}58.88 
300.00 
48.00 
75.00 

330.00 
80.21 
26.55 
18.25 

34!}.99 
66.70 
30.00 

5. 80 
25.75 
65.00 
50.00 

395.00 
!}2.64 
87.76 
10.35 
48.95 
88.10 

109.15 
3.25 
2. 00 

210.77 
109.4~ 

6.!14 
13.15 
6.!.30 
1.()2 

11. GO 
23.;)0 
13.75 
12.00 
16.00 
12.00 
60.00 
80.65 
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Abstract of disbursen~ents made by John D. McChesney, chilj disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continued. 

OCTOBER, 1895-Continued . 

.._.,.; 

Dateof C::~ 
payment. z 5 ,. 

To whom paiU. For what paid. 

Oct. 28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
28 
28 
29 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

40 A. P. Davis ................. Triweling expenses ....... . 
41 .•.•. do . . . . • . . . . .. . . . . . . . . . . Fiehl expenses ...•.••..... 
42 ...•. do •...................•..... do .........••......... 
43 J. B. Lippincott ............ Services, Aug. 23-31,1895 .. 
44 ..... do .. . . . . .. . . . . . .. .. . . . . Services, Sept. 2-30, 1895 .. . 
45 ..... do . . . . .. . . . . . . . .. . . . . . . Services, Oet. 1-21, 1895 ... . 
46 J.D. Bush.................. Services, July 1, Aug. 31, '95 
47 D. C. Humphreys........... Serviees, Sept. 2-12, 1895 .. . 
48 Samuel Fortier....... . . . . . . Services, Sept. 7-23, 1895 .. . 
49 0. V.P. Stout .............. Services, Sept.16-26, 1895 .. 
50 W. G. Russell............... Services, Sept.20-0ct.12, '95 
51 Geo. H. Girty. . . . . . . . . . . . . . . Traveling expenses ....... . 
52 ..... do . . . . . . . . . . . . . . . . . . . . . Field expenses .......... .. 
53 Missonri Pacitic Hwy. Co... Transportation of assistant. 
54 F. H. Newell . . . . . . . . . . . . . .. Field expenses ........... . 
55 CyrusC.Babb ............. : ..... do ................... . 
56 N.H. Darton ............... Traveling expenses ....... . 
57 Fred F. B. Coffin ................ do ................... . 
58 ..... do .......................... do .................•... 
59 C. C. Willard ....•......... Rentofofficerooms0ct.,'95 
60 F. B. Scott................. Services, October, lb9G .•..• 
61 Geo. H. Eldridge ................ do ................... . 
62 R. U. Goode ............... : ..... do ................... . 
63 Gilbert Thompson ............... do ................... . 
64 W. T. Griswold ................. do ................... . 
65 Pay roll of employees ........... do .......... ··'··· ... . 
66 ..... do .... : ...........•......... do ................... . 
67 ..... do ...................... : ... do .............•...... 
68 ....• do .......................... do ................... . 
69 ..... do ........................... do ................... . 
70 ..... do ..•....................... do ................... . 
71 ..... do .......................... do ................... . 
72 ..... do . . . . . . . . . . . . . . . . . . . . . . .... do ..................•. 

Amount. 

$7.1. 85 
33.70 
33.15 
56.00 

175.00 
126.00 

6.00 
57.00 
90.00 
60.00 
62.00 
45.88 
3.67 
3.00 

15.00 
31.40 

124.70 
41.80 
15.10 

349.99 
50.50 

227.40 
210.60 
168.50 
168.50 
926.70 
817.10 

1, 055.60 
579.70 
471.70 
777.61 

1,019.50 
607.60 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 12, 385. 31 

Nov. 7 
7 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

11 
17 

NovEl\lllER, 1895. 

1 David T.Day ............... Traveling expenses ...•.... 
2 ..... do .......................... do ................... . 
3 Cyrus C. Babb ...... ------ ...... do ................... . 
4 ..... do ..................... Field expenses ........... . 
5 F.H.Newell ..................... do ................... . 
6 .•••. do .......................... rio ................... . 
7 ..... do------····-----·-···· ..... do-·-···--------------
8 ..... do .......................... do ................... . 
9 G. P. Sherman.............. Services, Sept. 5-7,1895 ... '. 

10 L. H. Taylor...... . . . . . . . . . . Services, Sept. 5-30, 1895 .. . 
11 A. M.Hyon . . . . . • . . . . . . . . . . . Services, Sept. 28-0ct. 7, '95 
12 Porter J. Preston . . . . . . . . . . . Services, Oet. 7-11, 1895 ... . 
13 J<'illmore Cogswell.... . . . •• . Services, Oct. 4-15, 1895 ... . 
14 ~- S. ~itchi~ & Sons........ Repai:s .................. . 
15 :E ranms Wmscr ............. Drawmgs ................ . 
16 Meyer Bros. Drug Co .... _.. Illustration supplies ...... . 
17 F. Lymond Garrison ........ · Report ................... . 
18 Department of the Interior. Supplies ................. . 
19 L. P. llush...... .. . . .. .. . . . . Services, October, 1895 .... . 
GEOL1 PT I-. -9 

$16.45 
24.65 
91.79 
78.60 
25.52 
35.00 
26.00 
26.00 
18.00 
54.00 
25.40 
23.00 
57.00 
48.50 
27.20 
3.78 

25.00 
5.31 

65.00 
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.Abstract of disbursements made by John D. McChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continued. 

Date of 
payment. 

Nov. 11 
11 
11 
1l 
11 
11 
11 
12 
12 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
18 
1il 
18 
18 
18 
19 
19 
19 
19 
19 
20 
20 
19 

20 
20 
21 
16 
23 
26 
23 
30 
30 
30 
30 
30 

NOVEMBER, 1896-Continued. , 

For what paid. Amount. To whom paid. 

.._.,; 
o.JS 
~g < 0 

I> 
~--i~------~-------------1--------------------- -------

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
1>2 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

P. E. Harroun . . • . . . . . . . • • . . Services, Sept. 13-30, 1895 .. 
W. & L. E. Gurley .......... Instruments .............. . 
Charles E. Munroe .......... Assay of ores ............. . 
Schoemaker & Busch ...•... Laboratory supplies ...... . 
..... do .......................... do .................. .. 
..... do . .. • ... .. . .. . . . .. . . .. Illustration supplies ...... . 
..... do .......................... do ................... . 
Baltimore & Ohio R. R. Co.. Freight charges ........•.. 
Bur. &Mo. Riv. R.R. in Nebr. Transportntionofassistant. 
J. L. Prentiss............... Services, Sept. and Oct., '95 
James !:;torrs ............... Services withoutfit ....... . 
..... do .......................... do ................... . 
N.H. Darton ............... }'ield expenses .......... .. 
..... do ..................... Traveling expenses ...... .. 
J. V. Lewis ....•... , . . . . . . . . Services, Sept. 2-20, 1893 .. . 
J. S. Reagan...... .. .. .. . .. . Services, Sept. and Oct.,1895 
Fred F. B. Coffin.. . . . . . . • . . . Services, October, 1895 .... . 
Thomas Somerville & Sons.. Snpplies and repairs ...... . 
Wm. D. Clark & Co......... Illustration supplies ....••. 
Baltimore & Ohio R. R. Co .. Transportation of assistant. 
PennsylvaniaR.R.Co ........... do .................. .. 
S.P. Brown ............ , .... Eervices, September, 1895 .. 
J. H. Schofield.... . . . . . . . . . . Services, Sept. and Oct., 1895 
FrankAdair ..................... do .................. .. 
George Robertson ............... do ................... . 
John Davis ...................... do __ ................ .. 
F. F. Burke ...................... do ............ ____ .. .. 
Mary D. Smith .................. do ................... . 
R.L. Holder ................ ____ .<lo .................. .. 
.J.N. Lane ....................... tlo .................. .. 
Frank Hoper .................... do ................... . 
B. W. Vedder ................... do .................. .. 
J.D. Bush ....................... do ...... ____ ...... ___ _ 
Elwood Mead.............. Services, Ang.l-12, 1895 .... 

.... ."do . .. . . .. . . .. .. .. . . .. . . Services, Sept. 25-27, 1895 .. 

..... do . . .. . .. .. .. . . .. .. .. . . Services, Oct.18-23, 1895 .. . 
F. H. Newell................ Field expenses ........... . 
..... tlo. ----"· ................... do .................. .. 
..... do .......................... do ................... . 
Samuel Fortier............. Services, Oct.12-16, 1895 .. . 
G. F. Sherman ...•.... _. . . . . Services, Oct. 16-24, 1895 .. . 
P. E. Harroun .......... _... Services, Oct. 15-31, 1895 .. . 
R. N. Gill ........•... _ .•.. _. Services, Sept. all(l Oct. ,1895 
F. H. Newell...... .. . . . . .. .. Traveling expenses ....... . 
Cyrus C. Babb.... .. .. .. .. . . Field expenses ........... .. 
Henry Rorueike ....•.. _..... Clippings, An!l"ust, Septem· 

ber, and. October, 1895. 
Heinrich Reis .. .... .. .. .. .. Report on clay industry.--. 
}'.H. Newell ................ Field expenses ........... .. 
Fred !<'.B. Coffin ......... ___ Traveling expenses ...... .. 
Alpheus Hyatt . . . . • . . . • . . . . Services, Sept. and Oct.,1895 
;/,,D. Gilman ............... Supplies .......... ---- ... . 
E. E. Jackson & Co .............. do------ ............. . 
Richard M. Webster ........ Services, Nov. 1-10, 1895 ... 
S. 1<'. Peckman...... . . .. .. . . Heport on petroleum ...... . 
C. Kirchhoff................ Report on copper, etc .... .. 
H. Gibb .................... Services, November, 1895 ... 
L. P. Bush .... -----· ............ do ______ ...... --------
W.T. Griswold .................. do ................... . 

$90.00 
300.00 
15.75 
10.20 
2.48 

68.78 
129.58 

1.74 
19.70 
10.00 
57.00 
87.00 
53.50 

104.95 
102.00 
15.00 

1oo.oo· 
4.60 
1.00 

46.30 
11.50 
3.00 
6.00 
6.00 
G.OO 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
_6.00 

70.00 
21.75 
37.25 
9.00 
9.00 

50.00 
24.60 
43.75 
86.00 
6.00 

155.80 
48.65 
21.40 

50.00 
21.83 
6!.70 

150.00 
103.25 
12.74 
24.46 
50.00 

415.00 
70.00 
ll5.00 

163.00 
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.<tbstract of disbursements made by John D. McChesney, chief disbursing clerk, United 
States Geological Snrvey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continued. 

NOVEMBER, 1896-Continued. 

c._.~ 
Date of ': ~ 

payment. o " To whom paid. For what paid. Amount. 
I>; I= 

----1 

Nov. 30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

Dec. 3 
4 
7 
7 
7 
7 
7 
9 
9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
12 
12 
12 
13 
13 
13 
14 
17 
17 
17 
17 
18 
18 
19 
20 
21 
21 
21 

~~ I 21 
21 

78 Geo. H. Eldridge........... Services, November, 1895... $220.20 
79 Pay roll of employees ............ do ................. __ . 2, 054. 20 
80 ..... do .......................... do ................. :.. 1,023.80 
81 ..... do ................... , ...... do.................... 506.60 
82 ..... do .......................... do .. . .. . .. . .. . .. . . .. .. 456. 60 
83 ..... do--------------·------ ..... do.................... 831.60 
84 ..... do .......................... do .. . .. . . . . .. . . .. . .. . . 1, 104. 50 
85 ..... do-------------· ............ do ............ -------- 539.38 
86 C. C. Willard ............... Rentofofficerooms,Nov.,'95 349.99 
87 E. J. Pullman.............. Illustration supplies....... 92.69 

]----

Total . .. . .. .. . . .. .. .. .. . • • . .. .. .. . . . . .. .. . . .. .. .. 10, 929. 52 

DECEMBER, 1895. 

1 Wm. C. Day............ .. . . Services, An g. 12-Nov. 30,'95 
2 A. C. Peale ................. Services,Nov.25-30, 1895 .. . 
3 Mackall Bros. & Flemer. .. .. tlupplies ................ .. 
4 Stephenson's Express....... :Freight and hauling ...... . 
5 ..... do ......................... do .................. .. 
6 G. K. Gilbert ............... Field expenses .......... .. 
7 ..... do . .. .. .. .. .. .. .. .. .. . Traveling expenses ...... .. 
8 Baltimore & Ohio R. R. Co .. Transportationofassistants 
9 Oreg. S. L. & U.N. Ry. Co ........ do ................... . 

10 W. G. Russell ............... Services, Nov. 1-15,1895 ... . 
11 Fillmore Cogswell.......... Service~, Nov.l6-26, 1895 ... 
12 J. B. Lippincott ............ Services, November, 1895 ... 
13 Fred F. B. Coffin ................. do .................. .. 
14 J. S. J. Lallie ............... Supplies, etc .............. . 
15 Smithsonian Institution .... Transportationofexchanges 
16 J ohu Mitchell .. .. .. .. .. .. .. Repairing sink .... __ ..... . 
171 Chas. E. Munroe .... __ .·..... Assay of ores ______ .... ____ ( 
18 Chic., St. P., M. &0. Rwy.Co Trans1wrtatiouofassistants 
19 F. H. Newell..... .. .. .. .. .. .. :Field expenses ........... .. 
20 .Jefferson Middleton . . . . . . . . Traveling expenses ....... . 
21 Henry Romeike . .. .. .. . .. .. Press clippings .......... .. 
22 Department of the Interior. Illustration supplies ...... . 
23 Charles E. Munroe.......... Analyses of coals ......... . 
24 Bur. &Mo. H.iv.R.R. inNebr. Transportationofassistants 
2!l W. H. Loudermilk . . . . . . . . . . Publications ............. . 
26 Joseph D. Weeks........... Services, Sept.16--Nov. 5,'95 
27 R. R. Gurley................ Services, Nov. 1-5, 1895 .... . 
28 G. N. Saegmueller........... Repairs .................. . 
29 .Fred F. B. Coffin. .. .. .. .. . .. Traveling expenses ....... . 
30 D. C. Humphreys ...... __ ... Services, Oct. 1-Nov. 2,1895 
31 F. H. Newell...... .. .. .. .. .. Field expenses .......... .. 
32 Library Bureau . . . . .. . . . . . . Library supplies ...•...... 
33 E.W.Parker ............... Traveling-expenses ...... .. 
34 Chicago & N. ·w. Rwy. Co ... Transportationofassistants 
35 Fremont.Elk.&Mo.Val.Rwy ..... do ................... . 
36 Alphcns Hyatt ........... , . Services, November, 1895 .. . 
37 Wm. C. Day ............ ----~ Services, Dec. 2-14, 1895 .. .. 
38 Samuel Fortier ............. Services, Nov.4-12, 1895 .. .. 
39 P. E. Harroun.............. Services, Nov.4-30, 1895. , .. 
40 E. C. Murphy ............... Services, Oct.2-Nov.l4,1895 

$480.00 
30.00 

151.71 
3.). 71 
6.78 

204.48 
59.15 
37.10 
28.70 
75.00 
42.00 

182.00 
100.00 

17.31 
57.50 
6.60 
5.00 

18.78 
15.00 
26.10 
5.40 

166.50 
76.50 
6.35 

40.00 
220.00 
16.00 
11.25 
72.05 
12.50 
12.00 
33.40 
9.40 

54.11 
18.00 
50.00 
60.00 
25.60 

144.00 
42.00 



132 REPORT OF THE DIRECTOR. 

Abstract of disbursements made by John D. McChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continued. 

Date of 
payment. 

Dec. 21 
21 
21 
21 
21 
23 
23 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Jan. 4 
7 
8 
8 
9 
9 
9 

9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
10 
10 
11 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

DECEMBER, 1895-Continued. 

To whom paid. For what paid. 

41 F. H. Newell................ Field expenses ............ . 
42 ..... do ..........•............... do ................... . 
43 ..... do ..........•............... do ....•............... 

!i li:}?r~~i~> :::::::::::::: :~~~~~L; :~~~:_:~~~,: i~~~:::: 
471 Geo. I<'. Mnth & Co ....•.... Supplies ................. . 
48 Leon S~oss, agent...... . . . . . Trausporta~ion of assistants 
49 Chas. E. Munroe............ Analyses of coal. ......... . 
50 I C. C ·willard ........•••.... Rentofofficerooms,Dec., '95 
!'i1 AlthaT. Coons ............. Services, December, 189:5 .. 
52 H. Gibb ...•.....••.•...•........ do ..••.•.............. 
53 L. P. Bush ....................... do .......•...........• 
M Pay roll of employees ............ llo ................... . 
55 •••.. llo .......................... rlo ................... . 
!'i6 ..... do ................•......... do ................... . 
57 ..... do ..................••...... rlo .•••.....•.....••... 
58 ..... uo .......................... do ..........•......... 
!'i9 ..... do .......................... do ................... . 
60 ..... do .......................... clo ................... . 
61 ..... do .......................... llo ................... . 

Total. .............. .. 

J ANUAHY, 1896. 

1 Robert Beall . . . . . . • . . .. . . .. Publications ............ .. 
2 J. B. Lippincott .. • •.• . . . . .. ServiceH, December, 1895 .. 
3 U.S. Express Co ............ Freight charges .......... . 
4 Allam~ Express Co ............... do •................... 
5 Geo. W. Knox Express Co ... Freightchargesandhauling 
6 Shoemaker & Busch........ Laboratory supplies ...... . 
7 ..... do ....••.......... : .... Laboratory and illustration 

supplies. 
8 H. H. Fish .................. Hire oftransportation .... . 
9 A.M. Ryon ................. Services, Nov. :m-Dec.14,'95 

10 P. E. Harroun ..........••.. Servi"es, Deo.ll-21, 1895 .. 
11 F. Cogswell . . . . .. . . . . .. • . . . Services, Dec. 23-27, 1895 .. 
12 Burr Bosse II...... . . . . . . . . . . Services, Dec. 23-31, 1895 .. 
13 A.P.Davi8 .................. Fieldexpenscs ........... . 
14 F.H.Newell ..................... do ................... . 
15 ••••. do .......................... do ................... . 
16 ..... do .......................... do ................... . 
17 ..... do .......................... do •......•..........•. 
18 ..•.. do .......................... do ................... . 
19 .Tulin8 Bien & Co ........... Publications ............. . 
20 Devereux & Gag han........ Repairs ................. .. 
21 F.H.Newell ...•......•....• Fieldexpenses ........... . 
22 ..... do .......................... do .............•...•.. 
23 •.... do .......................... do ................... . 
24 ..... do .....................•••.. do ................... . 
25 ..... do .......................... do ................... . 
26 .•... do .......................... do .................. .. 
27 ..... do .......................... do ..•.....•••......... 
28 Cyrus C. Babb ................... do ................... . 
29 B. M. Hall .. . • . • .. . . . . .. . . • . Services, Dec. 13-23, 1895 .. 
30 Samuel Fortier...... . . . . . . . Services, Dec. 9-127 1895 ... 

Amount. 

$58.00 
25.00 
42.50 
49.50 
87.00 
24.00 
35.93 
57.00 
63.00 

349.99 
52.00 
70.00 
65.00 

2,518.80 
1,055.60 

521.70 
471.70 
775.00 
927.50 
660.14 
421. !:?0 

10, fl84. 54 

$85.10 
175.00 

70.02 
16.61 
2.08 
1. 80 

24.05 

57.00 
28.00 
56.00 
21.00 
28.00 
18.05 
26.00 
45.58 
12.00 
50.00 
33.00 
30.09 
20.85 
17.00 
19.00 
17.00 
36.90 
10.00 
26.00 
15.00 

114..35 
10.00 
21.00 
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Abstract of disbursements ntade by John D. McChesney, chief disbul'sing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAl~ SURVEY, 1896-Continued. 

...... 
Date of ~~ 

payment. zg 
I> 

Jan. 15 31 
15 3Z 
15 33 
15 34 
15 35 
15 36 
16 37 

16 38 
16 39 
16 40 
16 41 
18 42 
18 43 
20 44 
23 45 
23 46 
23 47 
25 48 
28 49 
28 50 
31 51 
31 52 
31 53 
31 54 
31 55 
31 56 
31 57 
31 58 
31 59 
31 60 
31 61 
31 62 
31 63 
31 64 
31 65 

JANUARY, 1896-Continued . 

To whom paid. For what paid. 

G. F. Sherman...... . . . . . . . . Services, Dec. 10-H, 1895 .. 
L. H. Taylor_ ••• ____ .. ___ .__ ServtceR, Dec, 24-31, 1895 _ -~ 
W. G. Russell ... _ •. _________ Services, Dec. 4-31, 1895 ... . 
R.R. Bowker ............... Publications---------- .... 

1 
L. P. Siebold . .. . ... .. . . .. .. Freight, etc .... ___ ...... .. 
James M. Swank. ____ ... __ .. Services, Nov. 18-Dec., 1895 
Wm. C. Day ........... _ .... Services, Dec.16, 1895-Jan. 

15,1896. 
D. C. Humphreys ....... __ .. Services, Dec. 26-28, 1895. __ 
Department of the Interior.. Supplies ............. ___ .. 
..... do ... ------------ ______ ..... do------------------ .. 
..... do ......... ------------ ____ .do------------------ .. 
Royce & Marean _____ ------ ____ .do .. ------ ...... ------
Missouri Pacific Rwy. Co .. _ Freight _ .... ____________ .. 
Herman Baumgarten ... _ .. _ Supplies __ ............... . 
Charles E. Munroe .... ------ Assay of ores ............ .. 
American Journal of Science Publications __ .. _ ... ___ .. . 
David T. Day .. .. .. .. .. .. .. Traveling expenses ...... .. 
E. \V. Parker ..... __ .... __ ... : . .. do ................ __ .. 
M. W. Beveridge .. __ .... __ .. Laboratory supplies _____ __ 
Southern Pacific Co .... __ .. Transportation of assistants 
J. Schultzbach. ------------ Supplies------------------
Chas. E. Munroe ........ __ .. Analyses of coaL ...... __ .. 
\V. Amlrew Boyd. ____ .. ____ Publications ___ . __ ... _. __ _ 
C. C. Willard ........... ____ Rentofofficerooms,Jan.,'96. 
H. Gibb .... ____ ------ ______ Services, January, 1896 .. .. 
L.P.Bush ............ ------ ..... do-----·-----· ...... .. 
Altha T. Coons ... __________ .... _do ....... ___________ .. 
Pay roll of employees .. ______ ... do ... __ .. ____ ....... .. 

_ .. __ do .......... _ ...... __ .... _ _ do _______ ........... .. 
..... do ...... ____ ----------- ____ .do------ ____________ __ 
..... do __________ ----------- ..... do------ ............ .. 
..... do ................ ____ . ____ .do .. __ .. __ .. ____ .... .. 
..... do ______ .... ----------- ..... do ................ __ __ 
____ .do------ _______________ ..... do------ ______ ...... .. 
..... do-----· .... ----------- ..... do ...... ------ .... __ __ 

Amount. 

$31.25 
43.00 

138.00 
5.00 
4.35 

165.00 
125.00 

15.00 
101l.09 
19.81 
1.00 

24.50 
1.10 
4.05 

22.00 
6.75 

24.08 
105.60 

.95 
27.20 
30.50 
1.50 

25.00 
3!9.99 
70.00 
65.00 
54.00 

2,546.30 
1,066.50 

477.00 
477.00 
783.50 

1,046.10 
808.20 
425.90 

Total ................ ____ .................... __ .. 10, 185. 61 

FEBRUARY, 1896. 

Feb. 4 1 W. F. Hillebrand ....... ____ Traveling expenses .... ___ _ 
5 2 Robert Beall ...... _ .... __ .. Pn blications __ ... __ . ____ __ 
7 3 P.E.Harroun ---------- ____ Services, Jan. 9-30, 1896 .. .. 
7 4 J. B. Lippincott .......... __ Rervices, Jan. !l-31, 18H6 .. .. 
7 5 Cyrns C. Babb ...... ---- .... Traveling expenses ....... . 
7 6 F. H. Newell ........ __ .. __ __ Fie In expenses .. _ ........ .. 
7 7 ..... do .......................... do .. ________ .. __ .. __ __ 
7 8 ..... do ......... __ ..... __ ........ do .................. __ 
7 9 ----.do-----·.------ .... ____ ..... rlo ------ ............ .. 
7 10 ..... do--------------------- ____ .do---------------- __ __ 
7 11 A. C. Peale ..... :.------ ____ Services, Jan. 21-31,1896 ... 
7 12 F. H. Willis ................ Report_ ..... _ .. _ ...... __ .. 
7 13 Baker & Co ................ Laboratory supplies ..... .. 
7 14 ..... do ................. ____ ..... do .................. .. 
7 15 HenryRomeike ............. Press clippinO'S ...... : ____ _ 
7 16 Shoemaker & Busch........ Supplies _ ... ~ ___ .. _ ..... .. 

$16.60 
33.10 

114,10 
182.00 
117.85 
26.00 
26.00 
26.00 
61.67 
25.00 
60.00 
25.00 
38.61 
W.61 
11.52 
62.97 



134 REPORT OF THE DIRECTOR • 

.Abstract of disbw·sements m.ade by John D. McChesney, chief disbursing clerk, Uniied 
-States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continucd. 

Date of 
payment. 

Feb. 12 
12 
14 
14 
14 
14 
14 
14 
15 
15 
17 
17 
18 
18 
18 
20 
21 

21 
18 
27 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

Mar. 5 
7 
7 
7 
7 

10 
11 
12 
12 
12 
12 
13 
13 
13 
13 

FEBRUARY, 18g6-Continne<l. 

To whom paid. For what paid. 

17 Chic., St. P., M. &0. Rwy. Co Transportation of assistant. 
18 B. M. Hall .................. Services, Jan. 15-29, 1896 ... 
19 Mackall Bros. & Flemer ..... Illnstratiou supplies ...... . 
20 Geo. F. Mnth & Co .......... Supplies ................ .. 
21 E. 1!'. Brooks Co .................. do ................... . 
22 W. G. Russell ............... Services, Jan. 13-31,1896 .. . 
23 G. F. Shennan .............. Services, .Jan. 23-31, 1896 .. . 
24 D. C. HnmpLre~·s ........... Services, Jau. 24-31, 1896 .. . 
25 Department of the Interior.. Supplies ................. . 
26 ..... do .......................... do .................. .. 
27 Wm. C. Day ................ Traveling exvenses ...... .. 
28 ..... do ..................... Services, Jan.16-~'eb. 15.'96 
29 John Birkiuhine ............ Service~, November, 1895 .. . 
30 .Tno. C. Parker.............. Publications ............ .. 
31 M. W. Beveridge............ Illustration supplies ...... . 
32 Shoemaker & Bn.,ch ............. do ................... . 
33 Herman Baumgarten.... .. .. Ganging streams and sup-

plies. 
34 Z. D. Gilman....... . . .. .. . • Supplies .. _. ............. . 
35 Smithsonian lnRtitntion _.... Transportation of exchanges 
36 E. W. Parker ............... Traveling expenses ...... .. 
37 DavidT.Day .................... do .................. .. 
38 John C. Parker............. Supplies ................ .. 
39 E. E. Jackson & Co .............. do .................. .. 
40 Edwar1l Kiilwl ............. Repairs .................. . 
41 Thomas '\V. Smith ........... Supplies ................ .. 
42 C. C. Willard............... Rentofofficeroorns, Feb.,'96 
43 H. Gibh .................... Services, February, l!l96 ... 
44 L. P. Bush ....................... do .................. .. 
45 Payrollofemployces ............ do ................... . 
46 ..... do .......................... do .................. .. 
47 ..... do .......................... do .................. .. 
48 ..... clo .......................... do .................. .. 
49 ..... do .......................... do ................... . 
50 ..... flo .......................... do ................... : 
51 ..... do .......................... do .................. .. 
52 ..... do .......................... do .................. . 

Amount. 

$7.30 
28.00 
42.22 
12.55 
3.00 

78.00 
49.00 
30.00 
44.. 28 

1. 92 
10.21 

135.00 
100.00 
179.75 

3.23 
49.18 
10.65 

111.60 
30.30 
45.70 
34.26 
3.75 

18o10 
29.50 
2.50 

349.99 
70.00 
65.00 

2,382.40 
1, 002.00 

446.00 
446.00 
733.00 
967.80 
743.78 
460.70 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 572. 60 

MARCH, 18~6. 

1 Robert Beall ................ ~nblica~io~s .............. 1 

2 Henry Home1ke ............ Press chppmgs .......... .. 
3 L. H. "chncider's Son ....... Supplies ................ .. 
4 Thos. Somerville & Sons ......... do .................. .. 
5 Baker & Co .. .. .. .. . . .. . .. . Repairs .................. . 
6 G. F. Becker ............... Traveling expenses ....... . 
7 Meyer Bros. Drug Co ....... Illustration supplies ..... .. 
8 Departmentofthelnterior ....... do .................. .. 
9 .... do ........ , . .. . .. .. .. .. Mincr!-'1 resource supplies .. 

10 R. R. Bowker .. .... .. .. .. .. Publicatious ............ .. 
11 J. A. Udden ................ Services, Nov.ll-23, 1895 .. . 
12 L. II. Taylor ............... Services, Jan. 7-Feh.,18!l6 .. 
13 P. E. Harroun .............. Services, Feh. 13-20,1896 .. . 
14 W. G. Russell.............. Services, Feb.l0-15, 1896 .. . 
15 D. C. Humphreys.,........ Services, Feb.l0-29, 1896 .. . 

$48.75 
5. 72 

10.09 
5.20 

48.10 
101. 58 

3.15 
4.32 

23.25 
3.50 

30.00 
96.25 
39.00 
36.00 
48.00 
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.Abstract of disbtn·sements made by John D. McChesney, chief disbursing clerk, t'nited. 
States Geological Su1·vey, etc.-Continued, 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continuecl. 

~~I Date of oJl 
payment. ~g 

> ----
Mar. 12 16 

13 17 
12 1~ 
13 19 
13 20 
13 21 
13 22 
13 23 
14 24 
14 25 
14 26 
14 27 
14 28 
21 29 
21 30 
21 31 
21 32 
21 33 
21 34 
21 35 
21 36 
21 37 

23 38 
23 39 

21 40 
21 41 
21 42 
31 ·13 
31 44 
31 45 
31 46 
31 47 
31 48 
31 49 
31 50 
31 51 
31 52 
31 53 
31 54 
31 5iJ 
31 56 
31 57 
31 5~ 
31 59 
31 60 
31 6L 
31 62 

Apr. 

MARCH, 1896-Continuc<l. 

To whom paid. For what paid. 

J. B. Ltppincott ............ Services,Feb.1-29,18B6 ... . 
G. F. Sherman.............. Sen· ices, Feb. 29, 1896 ..... . 
F. H. Newell. . . . . . . . . . . . .. . Fiel<l expenses ........... . 
..... do ..•....................... do-----·-----· .......• 
..... do .......................... do ................... . 
----.do .......................... do ................... . 
----.do.·----·.------ ............. !lo .................. .. 
..... rlo .......................... do ................... . 
..... !lo .......................... do .................. .. 
..... tlo .................... : ..... do ................... . 
..... do .......................... do ................... . 
Mackall Bros. & .Flemer.... Laboratory supplies ...... . 
F. \V. Clarke ............... Traveling expenses ....... . 
F. H. NewelL .............. Fieluexpenses .......... .. 
..... do .......................... do ................... . 
..... do ........................... do ......... : ......... . 
..... do .......................... do .................. .. 
..... do .......................... do ................... . 
Shoemaker & Bnsch.... . . . . Laboratory snppli~>s ...... . 
DaviuT. Day ............... •rravelmg expenses ...... .. 
Altha '1'. Coons............. Services, February, 1896 ... . 
W. C. Day ................. Services, Feb. 17-Mar. 14, 

1896. 
C .. J. Korwood .............. Services, .January, 1896 ... . 
L. P. Siebolil...... .. .. . .. . . Freight storage and cus-

tom charges. 

Amount. 

$140.00 
5.00 

37.00 
22.00 
49.00 
20.00 
55.13 
58.00 
25.50 
53.70 
42.50 
8.95 

28.5() 
33.90 
58.11 
54.0() 
13.80 
54.50 
8.85 

54.45 
50.00 

120.00 

30.00 
16.92 

U. S. Express Co .. . .. .. .. .. Freight chargeR . . . • • . .. . .. 23. 29 
Adams Express Co ............... do .. .. .. .. . . .. . .. . .. .. 34.91 
Geo. \V. Knox Express Co ... Freightchargcsamllmnling 5. 72 
StephenRou's Express ............ do .. . .. . .. .. .. .. .. .. .. 1. 12 
F. H. Newell. ............. Fiehl expenses............ 21.00 
'Vm. A. Wausleuen ........ Prepamtion of maps ...... 50.00 
\Vm. C. Day .. _............. Traveling expen>eH........ 13.38 
..... do .......................... do.................... 12.83 
P. J. Ryon ................. Supplies.................. 4.00 
Shoemaker & Bnseh . _ ........... do .. . . .. .. . .. . .. .. .. .. 37. 21 
R.R.Bowl<er .............. Pnl\lications .............. 3.50 
l{obert Beall ............. : ...... do.................... 53.60 
C. C. \Villuru .. . . .. . .. . .. .. Reutofofficeroomsl\f:tr., '96 349.99 
H. Gihb.................... Serviecs, March, 1806....... 70.00 
L.P.Rnsh ...................... do.................... 65.00 
Payroll of employees ........... do .................... 2,546.30 
..... do .......................... do.................... 1,066.50 
..... do .......................... do ...... ...... .... .... 527.00 
..... do .......................... do.................... 477.00 
..... do .......................... do . . .... .. . ... .... .... 783.50 
..... do .......................... do .................... 1,041.30 
..... clo ..................... 

1 

..... do ...... .... ...... .... 638.20 
..... do .......................... do . . . . . . . . . . . . . . . . . . . . 4BO. 90 

----
Total ................. 

1

...... ...... ...... .......... 9,808.97 

APltiL1 189G, 

$70.69 
38.92 
10.32 
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.dbsl!·act of disbu1·sen1ents made by John D. McChesney, chief disbursing clerk, United 
Stales Geological Su1'Vey, etc.-Continued. 

GENERAL EXPENSES OF TRE GEOLOGW.AL SURVEY, 1896-Contiuue<l . 

.APRIL, 1896-Continued. 

-----~---------------------.-----------------.-------.,....: 
Dutn of ci~ 

payment. ~ 5 
~ 

Apr. 8 4 
10 5 
10 6 
10 7 
10 8 
10 9 
10 10 
10 11 
10 12 
10 13 
10 14 
10 15 
10 16 
11 17 
16 18 
16 19 
16 20 
16 21 
22 22 
16 23 
15 24 
18 25 
18 26 
16 27 
21 28 
21 29 
21 30 
21 31 
22 32 
22 33 
24 34 
27 35 
30 36 
30 37 
30 38 
30 39 
30 40 
30 41 
30 42 
30 43 
30 44 
30 45 
30 46 
30 47 
30 48 
30 49 
30 50 
30 51 

May 5 

I 
1 

6 2 
6 3 I 

To whom pai<l. l<'or what. paid. Amount. 

Tho E. F. Brooks Co ........ Supplies ....• ··--·-···--- $3.40 
Department of the Interior . ..... do .................... 59.58 
..... do ..................... ..... do ··------------------ 2.42 
E. J. Pullman -------- -----· ..... do --·--- -------------- 22.20 
Herman Baumgarten ...•... ..... do .................... 3.00 
Jno. C. Parker .............. ..... do ......... · ........... 1.50 
Wm. C. Day ................ Services, Mar.16-31, 1896 · .. 70.00 
Altha T. Coons ............. Services, March, 1896 ...... 52.00 
Col., Hock. Val.& T.l{wy Co. Transportation of assistant. 9.95 
RobertL. Pollard ........... Report on nickel and cobalt. 100.00 
F. H. Nowell ................ Fiehl expenses ............ 35.00 
Shoemaker & Busch ........ Supplies .................. 99.04 
Mackall Bros. & Flemer .... ..... do .................... 33.72 
\V. F. Hopson .............. Original drawings ......... 250.00 
Z. D. Gilman ............... Supplies .................. 2.60 
KE.:Tackson & Co ......... ..... do .................... 25.50 
D. R. StanRbnry ----- ... --- ... Hepairs ................... 12.00 
Kennedy & Du Perow ...... Supplies --- .. -------. ---- .. - 7.25 
E. \Y. Parker ............... Traveling expenses ........ 101.98 
Henry Romeiko ............ Press clippings .. ; ......... 4.84 
\Vm. A. W'ansleben --·····-- Original drawings ......... 50.00 
U. S. Express Co ............ Freight charges .... _ ...•. 12.14 
Meyer Bros. Drug Co ....... Supplies ............ _ ..... 3.15 
Smithsonian Institution .•.. Transportation of exchanges 94.40 
Gustav Fock ............... Puulications .............. 279.46 
Citizens' National Bank .... Bill of exehange ................... 3.52 
Pennsylvania H. H. Co ...... Transportation of assistant_ 12.75 
Herman Baumgarten ....••. Supplies .................. 5.20 
David T. Day .............. Traveling expenses ........ 93.45 
J. H. Chesley & Co -·------- Laboratory supplies ....... .40 
Geo. 1<'. Kunz --------·------ Service~, .March, 1896 ...... 100.00 
Chas. E. Munroe ............ Assay and analyses of ores. 70.00 
..... do .................. _ ... Assay of coal and clay ..... 99.00 
Baker & Co ................ Laboratory supplies._ ..... M.70 
M. W. Beveridge ........... _ ..... do ................. .' .. 2.14 
Wm.A. Wansleben ... _ ..... Preparation of charts ...... 50.00 
C. C. Willard ............... Rentofofficerooms ........ 349.99 
..... do -------·---- ............... ..... do --------------··---- 100.00 
H. Gibb ...... ------ ........ Services, April, 1896 ....... 70.00 
L. P. Bush· .................. ..... do .................... 65.00 
Pay roll of employees .....•. ..... do ------------------·· 2,464.10 
..... do .......... ··--·---------- ..... do .................................. 1,083.80 
..... do --------------------- ..... do ------·------------- 511.50 
..... do - ·-·········---------· ..... do ---···-----·-------· 499.60 
..... do --------------------- ..... do -----------·-------- 758.20 
..... do ········-----------·- ..... do --···· ---·---------- 1,028.15 
..... do ··-----·--·---------- ..... do ................................... 580.80 
..... do ------------·-------- ..... do .................................... 266.49 

-----
'fotal ................. 

1 

............................ 9,723.85 

MAY, 1896. 

Robert Beall.--·;-- .... --·-1 Publications ... _ ......... ·I $10.00 
Mackall Bros. & F lemer .... Supplies .............. ____ 72.22 
Griffith 'Thornton ........... Services, April, 1896 .... ' .. 2.50 
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Abstract of disbm·sements made by John D. :McChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1806-Continueu. 

llfA v, 18D6-Continnecl. 

Date of 
payment. To whom paid. }'or what }Jaid. I Amount. 

------ ------------·-1-----------i 

:May 8 4 Geo. F. Kunz ............... Services, April, 1896 ..... .. 
6 5 H. 0. Hofman....... .. .. .. . . Testing 4 tire clays ...... .. 
6 6 Henry Romeike ............ Press clippings .......... .. 

11 7 Geo. N. Rider . . .. .. . .. .. .. .. Publications ............ .. 
11 8 A. C. Peale ................. Services, Apr. 1-9,1896 .. .. 
11 9 Altha T. Coons . . . . . . . . . . . . . 1-\ervices, April, 1896 ...... . 
11 10 Charles E. Munroe .......... Analysesofcoalsandmarls. 
13 11 E. A. Balloch .............. ·1 Rent '?f phonograph ...... . 
13 12 Shoemaker & Busch .. .. . . . . Supplies ................ .. 
14 13 A. C. Peale .. .. .. .. .. .. . .. .. Servic"ls, May 1-9, 1896 ... .. 
16 H .James '1'. White & Co ....... Publications ............. . 
16 15 Wm. A. Wausleben ......... Publications of charts 
16 16 Theodore .Johnson .......... Tmveling expenses ........ 
16 17 Southern Pacific Co ........ Transportatiouofassistant. 
16 18 J. B. Lippincott .. .. .. . .. .. . Services, Mar. 3-31,1896 ... 
16 19 B. M. Hall.......... . . . . . . . . Services, Apr. 28.:.30, 1896 .. 
16 20 S. J<'ortier ................... Services, Apr. 20-29,1896 
16 21 P. H. Newell................ Field expenses .......... .. 
16 22 ..... do .......................... tlo .................. .. 
16 23 ..... do .......................... do ................... . 
18 24 l/;, D. Gilman................ Supplies ................ .. 
18 25 Department of the Interior ...... do .................. .. 
18 26 ..... <In .......................... do ................... . 
18 27 ..... do .......................... do .................. .. 
19 28 Mackall Bros. & ~Flemcr ......... do ................ _ .. . 
19 29 Geo. F. Mnth & Co .............. do .................. .. 
19 30 .J. A. Vogleson .............. Services, Apr. 3-30, 1896 ... 
19 31 F. H. Newell ................ Field expemes ........... . 
21 32 },rank llurrs ............ _... Traveling expenses .... --_ .1 
22 33 Raker & Co . .. .. . . .. .. . .. .. Laboratory supplies ...... . 
23 34 R. R. Bowker ............... Publications ............ .. 
23 35 Wm. C. Day .. .. .. .. .. .. .. .. Services, Apr. 1-15,1896 ... 
23 36 W. G. Russell. ....... _ ...... Services.Mar.~9-Apr.17,'96. 
23 37 E. C. Murphy ............... Services, Mar.26-Apr-25,'96 
23 38 Elwood Mead .... ~ ..... __ .. Services, Apr. 14-30, 1896 .. . 
23 ::l9 F. H. Newell ............... }'ield expenses ........... . 
23 40 ..... do ..... - ....... ---- ......... do .................. .. 
23 41 ..... do .......................... do .................. .. 
23 42 ..... do .............. , ........... do .................. .. 
23 43 ..... do .......................... do .................. .. 
26 H L. H. 'fa.l'lor...... . . . . . . . . . . Services, Mar. 19-Apr. 27,'96 
26 45 0. V. P. Stout............... Services, Apr.10-16, 1896 ... 
26 46 Houstou & Texas Cent. R. R. Transportation of assistant. 
26 47 \Vm. C. Day .. _ ..... __ ...... Traveling expenses ....... . 
26 48 E. J. Pullman .............. Supplies ................ .. 
26 49 Wm. D. Castle ................... do ................... . 
26 50 \Vm. M. Fontaine........... Services, .July 1, '95-Apr.30, 

1896. 
29 51 M.A. Tappan....... . .. . .. .. Supplies ................. . 
29 1 52 \Vm. A. Wansleben ......... Preparation of drawings ... 
29 I 53 C. C. Willard ............... Rent of office rooms ...... . 
29 54 ..... do .......................... do .................. .. 
29 55 A. P. Davis . .. .. . . .. .. .. .. .. Services, May, 1896 ...... .. 
29 56 Cyrus C. Bahb .................. do .................. .. 
29 57 H. Gibh ...... ·~-- ....... _ ........ do .................. .. 
29 58 L. P. Bush ....................... do .................. .. 
29 59 Pay roll of employees ............ do ................... . 
29 60 ..... do .......................... do ................... . 
29 6l_ ..... do .......................... do ................... . 

$110.00 
20.00 
5.80 
6.00 

48.00 
52.00 

132.50 
40.00 
51.73 
24.00 
-8.00 

50.00 
20.75 
24.20 
34.00 
18.00 
54.00 
37.50 
22.45 
37.65 
47.97 

112.27 
17.76 

.10 
19.60 
41.35 

168.00 
36.21 
9.85 

239.75 
12.50 
60.00 
42.00 
35.00 
88.00 
43.90 
48.00 
20.00 
34.00 
23.!0 
58.50 
18.00 
5.00 

12.93 
78.75 
4.50 

150.00 

35.50 
50.00 

349.99 
100.00 
170.40 
102.20 
70.00 
65.00 

2,546.80 
I, 117.40 

527.00 
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.dbstract_ of disbursements_ made by .John D. McChesney, chitf disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continne<l. 

Date of 
payment. 

MAY, 1896-Continucd. 

To whom paid. For what paid. 

----- -----~- -~----~--

May 29 
29 
29 
29 

62 Pay roll of employees Services .................. . 
63 ..... do ................... .. ..... do ................... . 
64 ..... do .................... . ..... tlo ................... . 
65 ..... do ................... .. ..... do ................... . 

Total ................ . 

JUNE, 1896. 

Amount. 

$518.80 
846.79 
983.70 
325.80 

10,118.02 

--------~--- ------ -~-----------, ----
June 3 

3 
6 
6 
6 
6 

9 
9 

10 
10 
10 
10 

10 
10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
15 
15 
18 
18 
18 
20 
20 
20 
20 
20 
20 
22 
23 
23 

30 
30 

1 
2 
3 
4 
5 
6 

Robert Beall .............. . 
Frank Burns .............. . 
Henry Romeike ............ . 
Chas. E. Munroe .......... .. 
Henryl'f. Brown ........... . 
'Yykoff, Seamans & Bene-

dict. 

Publications ............. . 
Fielcl expenses ............ . 
PrNIS clippings ........... . 
Analyses of coals ........ ". 
Illustration supplies ...... . 
He]lairs .................. . 

7 Department of the Interior.. Supplies ................. . 
8 ..... clo .......................... tlo ................... . 
9 Eimer & Amend ................. do ................... . 

10 Ateh., Top. &S. F. Rwy. Co .. Transportation ofassist::mts 
11 The Wabash R. R. Co ............ do ................ _ .. . 
12 D. C. Humphreys........... Cash paid for services and 

supplies. 
13 ..... do ..................... Services, Apr. 29-80,1896. __ _ 
14 F. Cogswell ................ Services, Apr. 27-l\lay 27, '96 
15 ·w. G. Hussell............... Services, May 13-26, 1896 ... 
16 A.M. Ryon..... .. . .. . . .... Services, May 11-18, 1896 ... 
17 Lyman P .. Kendall . . . . . . . . . . Services, Apr. 25-May 26, '96 
18 L. H. Taylor................ Services, May 18-29, 1896 .. . 
19 D. C. Humphreys........... Services, May 15-2fl, 1896 .. . 
20 Samuel Portier... .. .. .. . .. . Services, May 20-29, 18!J6 .. . 
21 0. V. P. Rtont. __ ........ __ .. Services, May 2-27, 1896 .. .. 
22 E. C. Mnrphy............ ... Services, May 25-2fl, 18H6 .. . 
23 J. B. Lippincott ............ Services, May 20-29, 1896 ... 
2J Elwood Mea(] .............. ServiceK,May6-29,1896 .. .. 
25 P. E. Harroun.............. Serviees, May 23-29, 189G .. . 
26 F. H. Newell................ Field expenses ............ . 
27 ..... do .......................... do ................... . 
28 Louis V. Pirsson ............ Analyses of rocks ......... . 
29 Chas. N. Jenks ............. Report on corundum. ·-----1 
30 Frank Burns ............... TraYeliug expenses ....... . 
31 ..... do ..................... Field expenses ............ . 
32 Wm. A. Wansleben ......... Preparation of maps ...... . 
83 J. C. McConnell ............ Original drawings ........ . 
84 W. Bruce Gray .................. do .................. .. 
85 Mackall Bros. & Flemer..... Supplies ................. . 
36 Ginn&Co .................. Publications ............. . 
37 Altha T. Coons ............. Services, May, 1896 ....... . 
88 Mining Iruu all(l Steel...... 1 copy Mining in Canada .. 
39 Chas. E. Mnnroe...... .. . . .. Assay of ores ............. . 
40 Thomas Somerville & Sons . Laboratory supplies ...... . 
41 Z. D. Gilman............... Supplies ................. . 
42 B. M. Hall ................. Services, May8-22,18!J!l .. . 
43 F. H. Newell............... Cash paill for services antl 

44 
45 

supplies. 
Shoema kcr & Busch.. . . . .. . Supplies ................ .. 
Wm. A. Wansleben ......... Drawings ................ . 

$29.75 
56.18 
12.24 
56.25 

3.25 
6.75 

95.82 
2.70 

161.47 
6.55 
5.45 

41.00 

15.00 
81.60 
65.00 
·15. 50 
35.00 
24.00 
25.00 
54.00 
80.75 
24.00 
30.87 

150.15 
37.20 
16.80 
20.00 

240.00 
20.00 
8.10 

26.35 
50.00 
8H.50 

111.00 
19.69 

fl.OO 
52.00 
4.00 
3.00 
1. 00 

117.04 
15.00 
!!8.78 

151.49 
50.00 
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.Abst1·act of disbursements made by John D. ~McChesney, chir.f disbursing clm·k, United 
States Geological Survey, etc.-Continnell. 

Date of 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1896-Continued . 

.JUNE, 1Sn6-Continuecl. 

payment. ~~ ~~I 
~g 

To whom paid. :For what paicl. Amount. 

"' ---~ 

June 30 46 
30 47 
30 48 
30 49 
30 50 

30 51 
30 52 
30 53 
30 54 
30 55 
30 56 
30 57 
30 58 
30 59 
30 60 
30 61 
30 62 
30 63 
30 64 
30 65 
30 66 
30 67 
30 68 
30 69 
30 70 
30 71 

Wm. Bruce Gray ........... Drawings ............... .. 
J. S. Hunter ..................... do ................... . 
Geo. F. Mnth & Co ......... Supplies ................. . 
Cy-rt~s C. Babb.............. Fielrl expensPs .......... .. 
AlfensHyatt ............... Services, Dec.l,l895-Jan. 

31, 1896. 
II. Gibb .................... Services,.June,1896 ....... . 
L. P. Bush ................. 

1 
..... do .................. .. 

C. C. Willar(L .............. Rent, June, 1896 .......... . 
..... do .......................... do .................. .. 
Grace CaldwelL ............ Services, Mny 1-4,1896 .. .. 
The Acme Folding Boat Co.. Field supplies ............ . 
A. P. Davis ............. .' ... Traveling expenses ...... .. 
Heinrich Reis ................... do .................. .. 
..... do .......................... do .................. .. 
J. B. Lippineott ............ Field expenses ............ . 
A. P. Davis ..................... do .................. .. 
F. H. Ne~ell ............... 1 Cash paid for services .... . 
Charles E. Munroe .......... Assay of ores ............ .. 
E. W.Meyers .............. Services,May1-29, 1X96 .. . 
Pay roll of emplorees ....... Services, June, 1896 ...... . 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 
..... (lo .......................... do .................. .. 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 

$67.00 
82.00 
32.56 
18.25 

100.00 

70.00 
65.00 

34B.99 
100.00 

7 .. '50 
126.63 
56.25 

179.35 
4.85 

85.65 
82.25 
48.00 
21.00 

125.00 
2,464.10 
1, 8116.27 

461.50 
513.60 
840.60 

1,030.85 
481.90 

Total ............................................ 10,959.33 

----'---'----------------------

GENERA.I, EXPENSES OF THE GEOUJGICA.L SimVEY, 1895 AXD 1896 . 

July 10 
10 
10 
16 
16 
18 
18 
18 
18 
17 
19 
19 
9 

27 
24 
31 
18 
31 
31 
31 
31 

.JULY, 1895. 

1 H. M. "\'{ilson . . . . . . . . . . . . . . . Traveling expenses.... . . . . $23. 70 
2 W. E. Doyle & Co .......... Field supplies............. W. S3 
3 Spratlcn & Anderson . .. . .. . Forage...... .. .. .. .. .. . . .. . 49.18 
4 Q. M. Department, U.S. A ... 

1 

Tents..................... 1!18. 30 
5 Pennsylvania R. R. Co . . . . . . Transportat.ionofassistants 323.80 
6 Louis. & Nash. R. R. Co .......... do.................... 19.40 
7 Wells-Fargo & Co .......... Freight................... 37.05 
8 National E~press Co ............. do.................... 1. 95 
9 ..... do ............................ do.................... 12.02 

10 Henry Gannett...... . ..... Traveling expcnse8 . . . . . . . . 50. 30 
11 Q. M. Department., U.S. A... Geologic supplies.......... 125. 00 
12 Henry .J. Green............. Geologie instmments...... 21.60 
13 '\V. & L. E. Gurley.......... Supplies and repair•... .... . 60. 10 
14 Bailey'\Villis ............... Traveling expenses........ 52.80 
15 Southern Rt1ilway Co ....... Transportation of assistant 16.55 
16 H. M. Wilson ............... Traveling expenses........ 72.89 
17 Balt-imore & Ohio R. R. Co ... Transportationofassistnnts 78.50 
18 W. G. Thomas . . . . . . . . . . . . . . Services, .July 10-26, 1895 . . 45. 00 
19 W. B. Williams .................. do .. .. .. .. . . .. .. .. .. .. 45.00 
20 Pay roll of employees .. . .. . Services, July, 1895........ 1, 156.50 
21 .•••. do .......................... do .................... ! __ 471.20 

----~--~---

Total ...................... : ..................... ~ 2,837.67 
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.Llbstract of disbur.9ernents made by John D. McChesney, chief disburs-ing clerk, United 
States Geological Sur·rcy, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1805 AND 1896-Contiuned. 

Date of 
paywent. 

Aug. 3 
6 
6 
8 
8 
7 
8 
8 
6 
7 
8 
7 
7 
6 
7 

10 
14 
13 
13 
14 
13 
13 
13 
13 
13 
14 
13 
13 
13 
15 
13 
14 

~g I 
17 
17 
17 
17 
17 
20 
20 
20 
20 
20 
21 
22 
24 
26 
26 
27 
24 
24 
31 
31 
31 
31 

A UGUS'f, 1895. 

To whom paid. For what paid. 

1 G. W. Saegmuller..... .. .. .. Repairs to instruments .. .. 
2 Adams Express Co...... .. .. Freight charges ......... .. 
3 . Pay roll of employees ... -... Services, .July, 1895 .....•.. 
4 Frank Burns .. . . . .. . . .. .. .. J<'iel<l expenses .......... .. 
5 Wm. B. Clark . . .. . .. . .. .. .. Services, July, 1895 ...... .. 
6 Rio Grande & West.Rwy. Co. Transportation of assistants 
7 Colorado Midland R. R. Co ....... tlo .................. .. 
8 Southern Pacific Co ............. do ................... . 
9 ThoWabashR,R.Co ............ do ................... . 

10 Bur. &Mo.Riv. R. R. in 1\ebr ...... do .................. .. 
11 Chic.,Bur.,&QuincyR.R.Co ...... do ............ ____ .. .. 
12 Chic.&NorthwestcrnR.R.Co ..... (lo .................. .. 
13 Baltimore & Ohio R. R. Co ....... do ................... . 
14 J. M. Beaty & Co.... .. .. .. .. Field supplitls ........... .. 
15 CheMapeake & Ohio R. R. Co. Transportation of assistants 
16 H. M. \Vilson . . . . . . . . . . • . . . . 'fravelingexpenses ....... . 
17 Q. M. Departmeut, U.S. A... Tents ................... .. 
18 McDonald Grocery Co, ..... Field supplies ........... .. 
19 J.M.Larson .... ____ ........ Hire of tents, etc ......... . 
20 ..... do • _ .. .. . .. . .. . .. .. .. .. Tents ................... .. 
21 Fred.Roch ................. Serviees,July31,1895 .... .. 
22 Charles R. Tyrell........... Services, Julyl0-31, 1895 ... 
23 Geo.OtisSrnith ............ Services,.Jnly7-31,1895 .. .. 
24 W. H. Williams.... . . .. . . .. . Services, July 29-31, 1895 .. 
25 J. S. Diller ................. Field eX}lenses .......... .. 
26 W. E. Doyle & Co . . . . . . . . . . F,ield supplies, etc ........ . 
27 Spratlen & Anderson ............ do .......... ; ........ . 
28 ..... do .......................... do ................... . 
29 W. H. Hyde .............. , . Hepairs ................. .. 
30 L. W.Estes ................. Pasturage ............... .. 
31 R. C. McKinney. . .. . .. . .. . . . Fieltl expenses ........... .. 
32 N.Y., C. & H. Riv. H. R. Co .. Transportalionofassi8tant. 
33 Geo. H. Eldridge........ .. .. Tmveling expenses ........ 
34 Pennsylvania R. R. Co . . . . . . Transportation of assistant.· 
35 Adams Expre~s Co ........ -. Freight ch ar~;es •.......... 
36 Chas. D. 'vValcott . . . . . . . . . . . Traveling expenses ....... . 
37 Southern Pacific Co.... . . . . . Transportation of assistant. 
38 A. H. Thompson .. .. .. .. .. .. :J<'ield expenses ............ . 
39 ..... do .......................... do .................. .. 
40 A. E. Murlin ............ · ......... do .................. .. 
41 M.G. Copelawl & Co . .. . .. . Geologic supplies ........ .. 
42 Pacific Hox Mfg. Co . . . . . . . . Field material. ........... . 
43 Sprat! en & Anderson .. .. .. . Supplies ............... : . . 
44 Ordnance Dept. U.S. A . . . . . Field supplies ............ . 
45 St. L. & San Frau. R. R. Co.. Freight .................. . 
46 James ::>. Topham...... . . . . . Geologic supplies ......... . 
47 H. Hoffa ........................ do ................... . 
48 H. M. Wilson ............... Traveling expenses ....... . 
49 Oregon Improvement Co.... Supplies, forage, etc ...... . 
iiO McDonald Grocery Co ........... do .................. .. 
51 C. W. Gooulove............ Services, .June 1-16,18!!5 .. . 
52 U.S. Express Co ............ :J<'reight charges .......... . 
53 ..... do .......................... do .................. .. 
54 Frank Burns ........... -.-.. Fiel1l expenses .......... .. 
55 ..... do ..................... Traveling expenses ...... .. 
56 Pay roll of employees....... Services, An gust, 1895 .... . 
57 ..... do .......................... <lo .................. .. 

Amount. 

$30.00 
162.35 
90.00 
53.29 

125.00 
13.00 
15.00 
12.80 

8.90 
27.30 
25.25 
12.10 

475.00 
65.57 

115.30 
59.75 
30.49 
27.22 
49.50 
4;).00 
60.00 
35.49 
52.42 
5.80 

181.76 
5.25 

23.21 
62.07 
16.75 
7.41 

16.90 
9.60 

25.45 
78 .. 50 
60.50 

105.56 
5.90 

20.72 
18 10 
5.00 
2.40 
9.00 

7!'i. 17 
3.18 
2.25 
7.00 
8.00 

36.66 
22.58 
40.93 
39.56 
99.27 
24 03 
41.56 
27.20 

1,173.30 
471.20 

Total ............................ ------.......... 4, 322.50 
• 

-------- -----------~-----------------
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Abstract of disbursements rnade by John D. JllcChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF TilE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

Date of 
payment. 

SEPTEMBER, 1895. 

Tu whom paid. For what paifl. 

Sept. 7 1 C. R. Van Hise .......... - _ _ _ Services, August, 1895 .. _. _. 
10 2 Michael Au tier _. ____ ... ___ . Servic.,s, Aug. 17-31, 189it .. . 
10 3 Frederick Koch __ ... ___ •. _. Services, August, 1895 ..... . 
10 4 W.B. Williams····-····--·- ..... do·-······--···--·---· 
10 5 Oeo.OtisSmith ........•••...... do---······---····----
9 6 H. M. \\ ilson .. ___ .... __ .... Tranling expen~es ....... . 
9 7 Henry Gannett ....... ·----· ..... do ............... ____ _ 

10 8 Bailey Willis._ ...... _ ... _.. Field expenRes ____ ....... _ 
11 9 Wykoff, Seamans&Benediet Supplies and repairs .. __ .. . 
11 10 Geo. F. Muth & Co _. __ . ___ . Topographers' supplies ___ _ 
11 11 ..... do·-········-----······ Geologie supplies ......... . 
11 12 Geo. '1'. Ennis .... _ .... ___ .. _ Topographic supplies .. _ .. . 
12 I 13 L. H. Schneider's Son _. ____ . Topographic and geologic 

supplies. 
11 14 Sonthern Pacific Co .... _. _. Transportation of assistants 
11 15 Bur.&Mo. Hiv. R.R.. inNehr ...... do·--····----· .... --·· 
11 16 M.,St.P.& Sault Ste.M.Rwy ...... rlo ·----- ...... --·· ... . 
11 17 Chic. & Northwe~tern Hwy ...... do ...... ··---· ....... . 

11 
11 
14 
14 
16 
16 
16 
16 
16 
20 
20 
20 
20 
20 
20 
25 
25 
30 
27 
27 
30 
30 
30 
30 

18 
19 
20 
21 

Co. 
Baltimore & Ohio R. R. Co .. ·--·.do ................... . 
Horace Knight._---·_ ...... Forage ... _ ........ __ . ___ ._ 
Chas. D. Walcott ....... _... Traveling expenses._, .... . 
F. B. vVceks ...••........... ____ .do .... ·---·· ......... . 

22 Ft. vV. & Denver City R wy. Co Transportation of assistants 
23 U.P.,DAnver&GulfRwy.Co ..... do·---·· .............• 
24 Oreg. Rwy. &Nav gationCo ·---.do ................... . 
25 Southern Hail way Co ............ <lo ··--·- ··--· _ --·- ... . 
26 Northern Pacific Co···--· __ ..... do·---········--·· ... . 
27 Bailey Willis .. ___ ._________ Field expenses ...... _____ _ 
28 J.S.Diller ----····-········ ..... do---·-···-········-·· 
29 A. H. Thompson ........ ··-- ·--·.do ........... ____ .... . 
30 . _ .. do . __ .... ______ ..••.... ___ .. rlo ___ .. ______ . _______ _ 
31 Townsend & Lance .. _ ... _.. Fiel<l supplies __ ....... __ .. 
32 Department of the InteriQr. Geologic supplies ...... _ .. . 
33 Norfolk & Western Rwy. Co Transportation of assistant. 
34- St-evens & Moore ........... Field supplies ............ . 
35 W. T. Griswold _____ .•...... Field expenses . _. ___ ..... . 
36 Bailey Willis .................... do----·- ______ ....... . 
37 Cin.,N.O.& Tex.Pac. R. R.Co. Transportation of assistant. 
38 Atch., Top. & S.F.Hwy.Co _ ..... du ...... ____ ...... ___ _ 
39 H. M. Wilson ............ _ .. Traveling expenses ....... . 
40 Pay roll of employees.______ Services, September, 1895 __ 
41 ..... do·---················· ..... do····----··-········· 

Amount. 

$270.00 
2<1.19 
60.00 
HO.OO 
65.00 
55.56 

148.88 
34.63 
3.50 
1.80 
.85 

1.20 
9.00 

18.70 
50.00 
9.90 

12SO 

190.00 
15.00 

109.12 
62.77 
13.55 
10.25 
16.69 
16.55 
40.63 
41.30 

212.96 
14.17 
30.16 
15.4-4, 
23.88 
9.80 

19.15 
135.00 
28.70 
18.70 
20.65 
47.20 

1,138.40 
457.60 

Total ...... ___ . _____ . ___ ........ ; . ___________ . . . . 3, 513. 58 

Oct. 2 
2 

-2 
2 
2 
2 
2 
4 

0C1.'0BER, 1895. 

1 Frederick Koch............ Services, September, 1895 .. 
2 MichaelAntier .........•........ do ............•....... 
3 W.B.Williams ... · ..........•.... do·······-----········ 
4 Geo. Otis Smith.: .......... ·--- .do--·--· ............. . 
5 Warren Upham. ___________ . Services, Jnlyl-Sept. 18, '95 
6 Chic., Mil. & St. P. Rwy. Co. Transportation of assistants 
7 Oreg. S. L. & U.N.R'wy. Co.·--- .do--···· ............. . 
8 Baltimore&OhioR.R.Co ...•... do ................... . 

$60.00 
55.00 
60.00 
65.00 

170.00 
9.28 

14.40 
26.75 
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Abstract oFdisb•,rsemenfs 1nade by John D. McChesney, chief disb!traing clerk, United 
States Geological Survey, etc.-Continued. 

GENEHAL EXPENl:lES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Cuntinue•l. 

OcTOBER, 1895::-Continued . 

.... ..: 
Date of ~~ 

payment. ~ 5 To whom paid. Fur what paid. 

Oct. 4 
5 
4 
4 

10 

10 
11) 
10 
10 
12 
12 
12 
12 
11 
14 
10 
15 
14 
14 
25 
25 
25 
25 
26 
26 
28 
28 
28 
28 
26 
26 
29 
29 
20 
29 
31 
31 
31 
31 
31 

~ 

9 The 'Vabash R. R. Co ....... Transportation of assistants 
10 Oreg. S. L. & U.N. Rwy. Co ...... do .................. .. 
11 U.S. }~xpress Co........ .. .. Freight charges .......... . 
12 Adams Express Co .............. do .................. .. 
13 United Typewriter and Repairs .................. . 

Supplies Co. 
14 Western Pacific R: R. Co .... Transportation of assistants 
15 Southern Pacific Co .............. do .................. .. 
16 Southern Railway Co ....... 1 ..... do .................. .. 
17 Chas. D. Walcott ........... ' Traveling expenses ...... .. 
18 J. T. McDevitt.............. Subsistence supplies, etc .. . 
19 Monte Cristo Mercantile Co ...... do ............. : ..... . 
20 A. H. Thompson ............ Field expenses ........... . 
21 Henry Gannett ............. Traveling expenses ...... .. 
22 13. E. Green. . .. . .. .. .. .. .. .. l<'orag-e .................. .. 
23 Spratlen & Anilerson Subsistence supplies, etc .. . 
24 Robert Floerman ...... ~ .... Storage .................. . 
25 1<'. 13. Weeks ................ Traveling- expenses ...... .. 
26 Oreg. Rwy. & ~ avigation Co. Transportation of assistants 
27 Chesapeake&OhioRwy. Co ...... do .................. .. 
28 Department of the Interior. Geologic supplies ......... . 
29 William Kerr ................... do .................. .. 
30 Franklin & Co .................. do .................. .. 
31 H. M. 'Vilson ............... Traveling expenses ....... . 
32 Michael Au tier ........ ·..... Servic.,s, Oct.1-12, 1895 ... . 
33 Frederick Koch ................. do .................. .. 

~~ . ~-~i~~~ ~~~~~~~::::::: :::: :::: . ~~~-vcf~i~~ .e.~~~~~~~~~~::: ::
1 36 ..... do .......................... do .................. .. 

37 ..... do ..................... Field expenses ............ . 
38 Geo. 0. Smith............... Traveling expenses ...... .. 
39 ..... do ..................... , ... • .. do .................. .. 
40 Int. & Great Nor. Rwy. Co .. Transportatiouofassista.nts 
41 Pennsylvania. R. R. Co ........... do .................. .. 
42 Northern Pamfic R. R. Co ........ do .................. .. 
43 The Wabash R. R. Co ............ do .................. .. 
44 Bailey Willis ............... l<'ieldexpenses ........... .. 
45 ..... do .......................... do .................. .. 
46 Joseph P. Iddings ...... _... Services, July, 1895 ....... . 
47 Payroll of employees ....... Services, October, 1895 ... ;. 
48 ..... do .......................... do .................. .. 

.Atnount. 

$11.50 
15.82 
68.61 
46.75 
2.00 

77.55 
12.00 
50.28 

279.02 
39.05 
8.18 

60.73 
127.25 
23.00 
31.89 
3.00 

84.85 
32.20 
28.80 
7.63 

12.00 
1. 70 

87.20 
19.35 
23.23 

5.00 
12.17 

125.57 
61.59 
18.05 

3.00 
38.45 
12.20 
62.00 
22.75 
70.20 
62.91 

182.00 
1, 173.30 

471.20 

Total ................ 
1
...... .. • .. • .. .. .. • • • .. • • • .. 3, 9:H. 41 

I 

Nov. 9 
11 
11 
12 
12 
12 
12 
12 
12 
13 
13 

XOVEMHEH 1 1895. 

1 Department of the Interior.. Geologic supplies ......... . 
2 W. &L.E.Gurley .............. :do .................. .. 
3 ..... do ........ , ............ Topographic supplies ..... . 
4 Fayette R. Plumb .......... Geologic supplies ........ .. 
5 Denver & Rio Gr. R. R. Co.. Freight ........ -........ . 
6 Atch., T., & S. F. Rwy. Co ........ do ................... . 
7 Galv., Har.&S. Au. Rwy.Co ..... do .................. .. 
8 Bur. &Mo. Riv. R. H. inNebr Transportation of assistants 
9 Chic.,Bnr.&QnincyR.R.Co ..... do .................. .. 

10 Gulf,Colo.&S.FeR.R.Co ....... do ................... . 
11 U. P., Denver&GulfRwy.Co ..... do .................. .. 

$18.86 
44.00 
4.14 

41.40 
78.00 
1. 60 
1. 42 

34.63 
12.75 
34.95 
16.60 
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Abstract of disbursements mafle by John D. McChesney, chief disbursing clerk, United 
States Geological Suvvey, etc.-Continued. 

GENERAL EXPENSES OF 'l'HE GEOLOGICAL SURVEY, 1895 AND 18~6-Continued. 

NovEMBEH., 1895-Gontinued . 

.... .; 
Date of ~~ 

payment. ~ g 
> 

To whom paid. For what paid. 

Nov. 13 
13 
13 
13 
13 
13 
15 
15 
15 
15 
19 
19 
19 
19 
19 
20 
19 
20 
20 
20 
19 

20 
21 
21 
21 
20 
22 
16 
23 
23 
26 
26 
27 
30 
30 
30 
30 
30 
30 

12 I Delaware & Hudson Canal <.;o Transportation of assistants 
13 Northern Pacific R. R. Co ... Transportation of property. 
14 D.P., Denver&GnlfRwy.Co ..... do .................. .. 
15 MissonnPacificRwy.Co ......... do ................... . 
16 Geo. W. Hobbs .................. do ................... . 
17 ..... do .......................... do .................. .. 
18 Northern Pacific R. R. Co ... Transportation of assistants 
19 Southern Pacific Co .............. do : .................. . 
20 Baltimore & Ohio R. H. Co ....... do ................... . 
21 W. B. Williams............. Services, Oct. 1-12. 1895 .. .. 
22 J. S. Diller .. .. .. .. .. .. . .. .. Field expenses .. ." ........ . 
23 ..... do . .. .. . .. .. .. . .. . . .. .. . .... d<,> ................... . 
24 ..... do .......................... do .................. .. 
25~ ..... do ......................... :qo ........... , ....... .. 
26 ..... uo .. . .. . .. .. .. . .. .. .. .. Traveling expenses ....... . 
27 Fred Reh .. .. .. .. . .. . .. .. .. Geologic supplies ........ . 
28 Samuel Storrow .. . .. . .. .. .. 1 mule, use of team, etc ... . 
29 Frederick Koch . .. . .. .. .. .. ~'ield expenses ........... . 
30 ..... do .................. :.. Traveling expenses ...... .. 
31 A. H. Thompson ................. do ................... . 
32 L. P. Siebold .. .. .. .. . .. .. .. Cleaning case of micro-

scope, etc. 
33 Edward Kiibel ............. R.,pairs of instruments ... . 
34 Great Northern Rwy. Co .... Transportation of assistants 
35 Pennsylvania R. R. Co ........... do .................. .. 
36 Den., Lead. & Gun. Rwy. Co ..... do .................. .. 
37 Freel erick Springmann...... TransportatiOn of property. 
38 W. H. Weed.......... .. .. .. Traveling expenses ........ 
39 C. H. Underwood........... Services, Kov. 1-17, 1895 ... 
40 W. A. Pate. .. .. .. .. .. .. .. .. Geologic supplies ........ .. 
41 Z. D. Gilman .................... do .................. .. 
42 H. S. Wallace........... ... . Traveling expenses ...... .. 
43 E.E.Jackson&Co ......... Supplies ................ .. 
44 Jno·. C. Parker ................... do ................... . 
45 E . .T. Pullman .................... do .................. .. 
46 Joe Min ton. .. .. .. . .. .. . .. .. Making map ............. .. 
47 Pay roll of employees....... Services, November, 18!15 ... 
48 ..... do .......................... do ................... . 
49 ..... do ..... · ..................... do .................. .. 
50 ..... do . .. . . .. .. .. .. .. .. .. .. . •.•. do ................... . 

Amount. 

$11.30 
1!.37 
5.83 

. 53 

.12 

.89 
112.70 
37.40 

129.60 
23.22 

1. 25 
1. 05 

167.38 
89.80 
77.80 
12.50 

129.10 
58.50 
18.55 
65.25 
2.50 

52.00 
110.20 
58.50 
8. 00 
3.60 

58.55 
22.66 
17.10 
3.25 

18.50 
73.00 
22.50 
28. 72 
16.00 

2,068.44 
554.40 
937.80 
457.60 

Total ............ ----1· ........................... -5-,-75_2 ___ 8_1 

Dec. 4 
5 
5 
7 
7 
7 
9 
9 
9 
9 
9 

DECEMBER, 1895. 

1 Chas. D. Walcott ........... Traveling expenses ...... .. 
2 A. H. Thompson .. .. .. .. .. .. Field expenses .......... .. 
3 ..... do .......................... do .................. .. 
4 Stephenson's Express. .. .. .. Freight and hauling ..... .. 
5 G. K. Gilbert . . . . . . . . . . . .. . . Traveling expenMes ....... . 
6 ..... do .......................... do .................. .. 
7 N orthcrn Pacific Co . . . . . . . . Transportation of property. 
8 MissouriPaciticRwy ............ do .................. .. 
9 l'{ioGrande WesternRwy. Co Transportation ofassistan ts 

10 Chic., Bur. &Quincy R. R.Co ..... do ---- .... ------ .. ----1 
11 Denver&RioG.R.RCo ......... do .................. .. 

$66.35 . 
53.69 
51.04 
29.66 
21.77 
56.70 
2.60 
4.21 

11.65 
44.75 
24.95 
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AbBtract of disbnrBements made by John D. McChesne!;, chief disb11rsing clerk, United 
States Geological Survey, etc.-Continueu. 

GENERAL EXPENSES OF TffE GEOLOGICAL SURVEY, 1895 AND 18QG-Continued. 

Date of 
payment. 

Dec. 9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
9 

10 
10 
10 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
14 
14 
19 
17 
17 
17 
19 
19 
19 
19 
19 
23 
23 
23 
23 
31 
31 
31 
31 
31 
31 
31 

Jan. 6 
8 
8 

I 

I 

I 

DECEMBER; 1893-Continuefl. 

To wlwm paid. For ,,·hat paiU. 

12 Oreg., S. L. & U.N. Rwy. Co. Transportation of assistants 
13 Chesapeake & Ohio H. H.. Co. •.•.. do .................... 
14 Chic.&NorthwesternR.R.Co ..... do .................... 
15 C., M. & f<t.P. Rwy. Co ..... ..... do .................... 
16 Southern Pacific Co ......... ..... do ··-------- ----------
17 The Wabash R. R. Co ....... ..... do .................... 
18 Bur. &Mo. Riv.R.R. in Nebr. ..... do ·-----·-----·-------
19 Texas Pacific Rwy. Co ...... ..... do -------------- ·-----
20 Queen & Co (incorporated) .. Instruments ............... 
21 Robert Fhormann .......... Storage ...... ~ ............ 
22 Pennsylvania R. R. Co ..•... Transportation of assistant. 
23 Geo. Otis Smith ............ Services Nov., 1895 ........ 
24 Chic., St. P., M. ·&o. Rwy.Co Transportation of assistants 
25 ..... do ................. , ... ..... do .................... 
26 Kan.City, St. Joe&C.B.Rwy ..... do .................... 
27 Son thern Rail way Co ....... ..... do --------------------
28 Baltimore & Ohio R. R. Co .. Transportation of property. 
29 . .. . . do ..................... ..... do ..... · ............... 
30 St. J oc & Grand Is. R. R. Co. 'l'ransportation of assistants 
31 Gal., Har. & S; An. Rwy. Co. Transj.>ortation of property. 
32 Southern Pacific Co Transportation of assistants 
33 Hous. & Tex. Cen. R. R. Co. .. ... do ................................ 
34 Chic., Mil. & St. Paul Rwy.Co ..... flO _______ ,. ____ --------
35 Bnr. &Mo. Riv. R. R. inNebr ..... do .................... 
36 Department of the Interior .. Geologic supplies .......... 
37 ..... do ..................... Topographers supplies .... 
38 ..... do -----------·--------- ..... do .................... 
39 Great Northern Rwy. Co .... Transportation of assistant. 
40 Oreg. Rwy. &Navigation Co. ..... do .................... 
41 Erlwanl Kiillel. ............. Repairs ................... 
42 The Wabash R. R. Co ....... Transportation ofassistan ts 
43 G. N. Saegnmller. .......... Repairs ................... 
44 ..... do ..................... .... . do .................... 
45 Bousch & Lamb Optical L'o. Supplies _______________ ,.. __ 

46 ..... do -----·--------------- ..... do ........ : ........... 
47 Joseph P. Iddings ........... Services Sept. 1-25, 18fJ5 ... 
48 Oreg. S. L. & U.N. Hwy. Co. Transportation of assistants 
49 Oreg. H.wy. &Navigation Co . .... • flO .................... 
50 JohnMacraedy& Co ........ Field supplies ............. 
51 The E. F. Brooks Co ........ Geologic supplies .......... 
52 Bailey Willis ............... Field expenses ............ 
53 Atch., Top. & S. F. Rwy. Co. 'fransporta tion of assistant. 
54 W. Zinsser ................. Geographic supplies ....... 
55 George W. Driver ........... Care of and forage of animals 
56 ..... rlo ..................... ..... do .................... 
57 Alice M. On thank ........... Services, December, 1895 ... 
58 Pay roll of employees ....... ..... do -------------------· 
59 ..... do ----------·---------- ..... do .................... 
60 ..... do ............................. ---- ..... do ...................................... 

Total. ................ -----·-----------------·----

JANUARY, 1896. 

1 I John C. Parker ........... --1 Geologic supplies ....... --1 
2 'Geo. W. Knox Express Co ... Frei htchargesandhauling 
3 U.S. Express eo ................. :lo ........ 00 ...... 00 •• 

Amount. 

$64.20 
19.70 
19.93 
25.20 
6.55 

22.50 
66.50 
6.60 

123.80 
9.00 

17.50 0 

65.00 
23.70 

7.90 
17.05 
38.80 

.8! 
16.12 
2.97 
9.36 

58.05 
5.35 

31.50 
36.20 
2.21 

12.48 
24.09 
77.50 
25.19 
35.75 
11.50 
42.50 
2.75 
8.00 

24.00 
140.00 
20.25 
62.41 
20.80 
2.50 
6.00 

. 70.00 
5.50 

12.90 
48.00 
50.00 

2, 681.10 
1,229.80 
1, 954.10 

7,630.52 

$24.25 
105.49 
416.90 
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Abstract of disbursements made by .John D. McChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continne<l . 

.... ..; 
Date of oJl 

payment. 
• 0 0" :Z,o .. 

-----

Jan. 8 4 
8 5 
8 6 
8 7 

11 8 
11 9 
11 10 
11 11 
11 12 
11 13 
11 14 
11 15 
11 16 
11 17 
15 18 
15 19 
15 20 
16 21 
16 22 
16 23 
16 24 
16 25 
16 26 
16 27 
16 28 
16 29 
16 30 
18 31 
17 32 
20 33 
20 34 
24 35 
2·1 36 
24 37 
23 38 
23 39 

28 40 
28 41 
31 42 
31 43 
31 44 
31 45 

31 46 
31 47 
31 48 
31 49 

.JANUARY, 1896-Continued . 

To whom paid. For what paid. 

Adams Express Co ......... Freightchargesandhauling 
Lester F. Ward......... .. . Traveling expenses ...... .. 
..... do .......................... do ................... . 
Henry J. Green ............. Geologic instruments ..... . 
Nmthern Pacific R. R. Co... Transportation of property 
Atch., Top. & S. F. Rwy. Co. Transportat.ionofassistants 
Mo\, Kan. & Texas Rwy. Co ...... do .................. .. 
Rio Grande ·west. Rwy. Co ....... do .................. ,. 
Colorado Midland R. R .......... do .................. .. 
Chic., Mil. & St. P. Rwy. Co ...... do .................. .. 
Chic. &Northwestern R. R ....... do ............ · ...... .. 
U.P.,Denver & GulfRwy ....... do ............... : .. .. 
T. H. & Ind. Rwy. Co ............ do .............. -.... .. 
Southern Railway Co ............ do .................. .. 
Northern Pacific R. R. Co... Transportation of property 
Oreg. Rwy.&NavigationCo ...... do ............. -..... .. 
C. Schneider ............... Supplies ................ .. 
E. F. Brooks Co ................. do ................. · .. . 
Denver & Rio G. R. R. Co ... Tranaportationofassistants 
Baltimore & Ohio R. R. Co ....... do ................... . 
Denver & Rio G. R. R. Co ... Transportation of property 
Pacific Express Co.""'· ......... do .................... . 
Department of the Interior.. Supplies ................. . 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 
..... do_ ........ ____ ............. do ................... . 
.J. E. Spurr . .. .. . . .. .. .. .. .. Field expenses .......... .. 
Int. & Great Nor. Rwy. Co .. Freight ... · ............... . 
Fre<l Reb .. .. . .. . .. .. .. . . .. Geologic supplies ........ .. 
Herman Baumgarten . . . . . . . Supplies and repairs ...... . 
Voight & Ilochgesang...... Geologic supplies ......... . 
R. Fuess . .. . . .. . . .. .. .. . . .. . .... do ........ , .......... . 
Citizens' National Bank..... Bills of exchange· ........ .. 
J.H.Chesley& Co .......... Geographic repairs ...... .. 
Geo. W. Driver . . .. . .. .. .. .. Care and forage of public 

. animals. 
Southern Pacific Co......... Transportation of assistants 
llur.&Mo. Riv.R.R.inNebr ...... do .................. .. 
M.G. Copeland & Co........ Geologic supplies ......... . 
..... do .......................... do ................ : ... 
Conrad Becker .................. do ................... . 
Frederick J. H. Merrill...... Services, Sept. 4, 1895-J an. 

1,1896. 
Pay roll of employees. . . . . . . Services, Jan nary ,1896 .... . 
..... do .......................... do ................... . 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 

.Amount . 

$101.85 
99.95 

142.55 
65.70 
90.51 
68.64 
38.00 
15.00 
12.00 
12.50 
12.50 
12.30 
21.00 
21.60 
66.52 
21.20 

1. 05 
3.00 

20.90 
14.40 
9.61 

24.58 
39.34 
39.34 
39.34 
28.57 
31.88 
11.85 

.84 
13.50 
3.85 

93.41 
386.36 

9.08 
3.65 

48.00 

102.50 
44.75 
7.00 
5.00 

16.7f.i 
200.00 

1,626.80 
1,413.80 
3,354.22 

150.00 

Total. ................ 
1 

............................. ' 9, 092. 28 

------~--~----------

Feb. 7 
7 
7 

12 

17 

FEBRUARY, 1896. 

1 Northern Pacific R. R. Co.... Transportation of assistants 
2 ..... do .......................... do .................. .. 
3 Pennsylvania R. R. Co ........... do .................. .. 
4 Denver & Rio G. R. R. Co... Transportation of }Jroperty 

GEOL, P'l' I--10 . 

$46.50 
11.00 
35.00 
3.15 
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AbBtract .of diBburBements made by ,John D. McCheBney, chief diBburBing clerk, United 
SlttteB Cieological Surve!f, etc.-Continued. 

GENERAL EXPENSES 0~' TilE GEOLOGICAL SITRVEY, 1895 AND 1896-Cuntinued. 

Date of 
payment. 

..,.: 
oJ:; 
•Q 0= 
z~ 

FEBl<U.\RY, 1891l-Continuod . 

To whom paifl. For what pair!. Amount. 

- ------------------1-------------1-----

Feb. 12 
12 
14 
14 
14 
14 
14 
14 

14 
14 
14 
14 
15 
15 
15 
15 
15 
18 
18 
18 
18 
18 
18 
18 
18 
20 
20 
21 
21 
24 
24 
24 
29 
29 
29 
29 

29. 
29 
29 
29 

Mar. 7 

7 
7 
7 
7 
7 
7 
7 

5 Rio Grande Southern Rwy .. Transportation of property 
6 Jno. C. Branner............. Services, Jan. 1-Feb. 5, 1896 
7 A. C. Peale.................. Services, Feb. 7-13, 1896 .... 
8 Franklin & Co ............. Geologic supplies .. ___ --- .. 
9 Geo.F.Mntll & Co ...... ---- ..... do .................. .. 

10 Fred Reb ........... --- .......... do ................... . 
11 John C. Parker. ................. do ............ ____ .. .. 
12 J. W. Drew & Co .. _. . . . . . . . Geologic supplies and re-

pairs. 
13 Samuel Storrow .. .. .. .. .. . . Storage ...... __ ..... ___ .. . 
14 Fred A. Schmidt............ SupplieR ...... _ .......... . 
15 Baltirnore&OhioR.R.Co .. Freig·ht .................. . 
16 ..... do ..................... Transportationofassistant. 
17 Departmentofthelnterior .. Supplies ................ .. 
18 ..... do .......................... do .................. .. 
19 ..... do .......................... do .................. .. 
20 ..... do .......................... do ................... . 
21 ..... do .......................... do .................. .. 
22 Bausch & Lamb Optical Co ...... do ................... . 
23 Wm. D. Castle ................... uo .................. .. 
24 M. W. Beveridge ................. do ................... . 
25 J. Baumgarten & Sons ........... do .... _ ..... __ .... __ .. 
26 J. E. Hurley ................ Hepairs .................. . 
27 Rio Granue West. Hwy. Co .. Transportation of assistant. 
28 Northern Pacific H. R. Co.... Transportation of property. 
29 Lou is. & Nash. H. R. Co. . . .. Transportation of assistant. 
30 Baltimore & Ohio R. R. Co.. Transportation of property. 
31 Thos. W.Smith ............. Geologic supplies ........ .. 
32 Herman Baumgarten........ Geologic repairs ......... .. 
33 ..... do .......................... do .................. .. 
34 Fred Reh............... . .. . Geologic supplies ........ .. 
35 .Jno. C. Parker ................... do .................. .. 
36 E. E. Jackson & Co ......... Supplies ....... _ ........ .. 
37 Thos. W. Smith .................. do .................. .. 
38 Edward Kiebel. ............ Repairs ................. .. 
39 E. C. Driver ................ Forage ................... . 
40 Jos. Perrin Smith ........... Services, Dec. 1, 1895-Feb. 

15, 1896. 
41 Pay roll of employees....... Services, February, 1896 .. . 
42 ..... do .......................... do .................. .. 
43 ..... do .......................... do ................... . 
44 ..... do .......................... do .................. .. 

$5.95 
300.00 
30.00 
20.00 
23.00 

7.75 
2.40 

17.65 

9.00 
9.87 
.72 

17.50 
9.60 
9.60 
9.60 

20.31 
14.27 
16.00 

.50 
1. 20 
5. 15 
9.50 

19.60 
1.06 

15.20 
12.16 
50.00 

. 75 
2.00 

14.00 
.25 

57.12 
2'!2, 40 

8.35 
48.00 

150.00 

1, 601.00 
1,322.40 
3,287.00 

169.78 

Total .. _ ............... _ ....... _. . . . . . . . . . . . . . . . . 7, 636. 29 

MAUCH, 1896. 

1 John Hunton .............. 1 Care an(l forage of public 
animals. 

2 L. H. Schneider's Son ...... Supplies ................ .. 
3 Wm.Kerr ....................... do ................... . 
4 Henry H. Brown ................ do .................. .. 
5 Chic. & North westernR. R.. Transportation of assistants 
6 Pennsylvania R. R. Co ........... do ................... . 
7 T. H. & Iud. Rwy Co ............ do .................. .. 
8 Oreg. Rwy.&Navigation Co. Transportation of property. 

$22.50 

9.60 
12.00 
12.2!) 
12.50 
17.50 
20.25 
1. 80 
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Abstract of disbursements made b.lf .John D. McChesney, chief disbttrsing clerk, United 
States Geological Survey, etc.-Continued. 

GENERAL EX?ENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continuetl.. 

MARCH, 1896-Continuetl. 

----,---,·------------.,--

Date of 
payment. 

Mar. 7 
11 
11 
11 
7 
7 

11 
12 
12 
14 

21 
23 
21 
21 
21 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Apr. 7 
10 
10 
10 
10 
10 
8 

10 
10 
10 
16 
16 
16 
16 
18 
18 
18 
18 
21 
21 
22 
24 
24 
24 
24 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24. 
25 

To whom paid. For what paid. 

Pennsylvania R. R. Co ...... . Transportation of property. 
Oreg. Hwy.& Navigation Co ..... do .................... l 
Missouri Pacific Rwy. Co ... .... . uo .................... 
Baltimore & Ohio R. R. Co . ..... do-------······· ...... 
Chic. Great West. Rwy. Co .. ..... do .................... 
..... do ..................... ..... do .................... 
U. P., Denver & Gulf Rwy .. Transportation of assistant. 
Department of the Interior .. Snpplie8 .................. 
..... do ..................... ..... do .................... 
.J. V. Lewis ................ Microphotographs of rock 

·sections. 
.Jno. C. Parker ...................... Supplies ------------·-----
W. A. Pate ................. ..... do .................... 
U. S. Express Co ............ Freight charges ......•.... 
Adams Express Co ......... ..... do .................... 
Geo. W. Knox Express Co ... Freightchargesandhauling 
Stephenson's Express ...•... ..... uo .................... 
W. & L. E. Gurly ........... Supplies .................. 
U.S. Electric Lighting Co .. .. : .. do ..................... 
l!'ayette R. Plnmb ...•...... ..... do .................... 
Frederick Koch ............ Traveling expenses ........ 
Mrs: K C. Driver ........... Forage of public animals .. 
Pay roll of employees ...... Services, March, 1896 ...... 
..... do ..................... ..... do ---- .......... -...... ---- .. 
..... do ..................... ..... do .................... 
..... do ..................... ..... do ------------···-----

Total ................ ............................ [ 

APRIL, 1896. 

A. C. Peale ................. Services, March, 1896 ...... ·I 
Geo. W. Knox Express Co ... Freight charges and hauling 
Wm.Kerr .................. Supplies .................. 
E . .J. Pullman ............... : : : : : 3~· : : : : :: :: :: :: :::: : : : :I Department of the Interior .. 
..... do ..................... 
TheE. F. Brooks Uo ......... ..... do .................... 
Herman Baumgarten ....... .... . do .................... 
ColoradoMidlandR. R ...... Freight charges ........... 
Oreg. Rwy & Navigation Co. ... :.do .................... 
H. Hoffa ................... Geologic supplies .......... 
E. E. Jackson & Co ......... ..... do ····----------------
Ernest Kiibel. .............. Topographic supplies ...... 
Chesapea,ke&Ohio Rwy. Co. Transportation of assistants 
U.S. Express Co ............ Transportation of property. 
Ba,ltimore & Ohio R. R. Co .. ..... do -------··-·---------
Ateh., Top. & S. F. Rwy. Co. ..... uo .................... 
U.P.,Denver&GulfRwy.Co.' ..... do .................... 
Geo.H. Stone ............... Cat;h paid for 1 atlas ....... 
Q. M. Department, U.S. A ... rren tago - - - - - ..... - - - - .. - ........ 
Southern Railway Co ....... Transportation of assistant. 
Geo. W. Knox Express Co._. Freightchargesandhauling 
Southern Pacific Co ......... ..... do .................... 
Great Northern Rwy. Co .... ..... do -----·--------------
E. C. Driver ................ Care :11111 forage of public 

animals. 

Amount. 

$2.62 
2.69 
.27 

4.72 
1.89 
1.19 

13.18 
1.26 
4.23 

20.00 

63.00 
5. 70 

73.63 
233.90 
69.84 
55.97 
70.00 
4.80 

21.60 
22.20 
48.00 

1,827.69 
1,200.90 
3, 539.74 

38-1,56 

7,782,02 

$21.00 
'15. 35 
12.00 
14.69 
5.00 
7.88 
2.45 
. 75 

1. 40 
7.50 
1. 75 
6.50 
5.00 

54.05 
7.75 
9.01 
6.35 
3. 34 

10.00 
16. 18 
25.25 
3.79 
5.62 
4.05 

48.00 
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Abstract of disbu1·sements ma{lc by John D. McChesney, chief disbursing clm·k, United 
States Geological Survey, etc.-Continued. 

GENERAL :BXPENSES OF THE G:BOLOGICAL SURVEY, 1895 AND 189G-Cuntinued~ 

Date of 
payment. 

Apr. 25 
25 
25 
30 
30 
30 
30 
30 
30 

May 6 
6 
6 
8 
8 

11 
13 
16 
16 
18 
18 
18 
18 
18 
18 
19 
21 
22 
22 
26 
26 
29 
29 
29 
29 
29 
29 

June 6 
6 
6 
9 
9 
9 
9 

10 

APRIL, 1896-Continue<l. 

To whom })aid. For 'vhat paid. 

26 .J as. S. Topham . .. .. .. . . .. .. Geologic repairs .......... . 
27 ..... do ..................... Geologic~;npplies ........ .. 
28 Franklin & Co .................. do .................. .. 
29 R.A. Daniel ..................... do ................... . 
30 Andrew B. Graham......... Photolithographic transfers 
31 Pay roll of employees....... Services, April, 1896 ....... . 
32 ..... do .......................... do .................. .. 
33 ..... do .......................... do .................. .. 
34 ..... do .......................... do--·;-- ...... · ...... .. 

A1nouut. 

$0.75 
4.00 

13.50 
12.00 
7.50 

1,870.90 
1,162.50 
3,560.91 

196.76 

Total. ....... :.. .. .. .. .. .. . . . . . .. . .. . . .. . . . . .. .. .. 7, 122. 98 

MAY, l89G. 

1 .John C. Branner...... .. .. . . Services, March, 1896 ...... 
2 Mackall Hros. & Flemer . . . . Geologic supplies .. ____ ___ . 
3 .Jas. S. Topham ............. Topographic supplies ..... . 
4 Baltimore & Ohio R. R. Co.. Freight ................. .. 
5 L. P. Siebold ............... Freigbtandcastolllcharges 
6 H. M. Wilson ............... Traveling expenses ...... .. 
7 .Joseph P. Idtlings.......... Services, Mar. 6-31, 1896 ... 
8 Geo. Otis Smith ............. Services, March, 1896 .... .. 
9 Thos. W. Smith............. Supplies ................. . 

10 Z. D. Gilman .................... do .................... . 
11 Departmentofthelnterior ....... do .................. .. 
12 ..... do .......................... do ................... . 
13 ..... do .......................... do ................... •. 
14 ..... do ............. _, __ ......... do ................... . 
15 ..... do ........................... do ................... . 
16 Geo. }'. Muth & Co .............. do .................. .. 
17 Mrs. E. C. Driver ........... Forage of public animals .. 
18 G. N. Saegnmeller ........... Repairs of instruments ... . 
19 Geo. P. Merrill. ........... --~ '!'raveling expenses ....... . 
20 E. J. Pullman .. .. .. . .. .. . .. Supplies ................ .. 
21 Wm. D. Castle ................... do .................. .. 
22 ~'ayotteR.Plumb .......... ! ..... do .................. .. 
23 W.G.Copelantl&Co ....... ~-----~0 ................... . 
24 Pay roll of employees . . . . . . Services, May, 1896 ....... . 
25 ..... do .......................... do .................. .. 
26 ..... do .......................... do .................. .. 
27 ..... do ........... ~ .............. do .................. .. 

$40.00 
.48 

11.20 
4.29 

14.19 
34.27 

140.00 
65.00 

103.60 
. 28 

20.00 
20.47 
20.47 
20.46 
1.80 
7.10 

48.00 
5.00 

10.30 
.5.50 
5.00 

15.00 
18.00 

1,933.20 
1,383.00 
3,566.81 

273.20 

Total .. . . .. .. . .. . .. .. . . . . . . . . . . .. . . . . .. .. . .. . . .. . 7, 766. 62 

J'UNE, 1896. 

1 G. K. Gilbert....... . .. . . . .. Traveling expenses ...... .. 
2 ..... do ........ , . . .. .. .. . .. . Field expenses .......... .. 
3 Henry H. Brown............ Supplies ................ .. 
4 DepartmentoftheJnterior ....... do .................. .. 
5 ..... do .......................... do ................... . 
6 ..... do .......................... do ................... . 
7 ..... do .......................... do .................. .. 
8 Jos. Perrin Smith ........... Services, Feb. 16-May 31, 

1896. 

$37.96 
28.65 
5.18 

52.28 
52.28 
51.64 

9.63 
150.00 
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Abslrtwt of disbnrsemente made by John D. )}fcr:hesney, chi~f ilisbnrsing clerk, United 
. ,'Jtates Geological Snrvey, etc.-Continued. 

GE~ERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continue<l . 

.TUNE, 1896-ContinHe<l. 

Date of ~~ 
payment. 05 

i«o 
?-

June 10" 9 
12 10 

12 11 
6 12 

12 13 
20 14 
20 15 
20 16 

20 17 
20 18 
20 19 
20 20 
20 21 
22 22 
23 23 
23 24 
23 25 
23 26 
23 27 
23 28 
24 29 
23 30 
25 31 
25 32 
25 33 
25 34 
25 35 
25 36 
30 37 
30 38 
30 39 
30 40 

30 41 
30 42 
30 43 
30 44 
30 45 
30 46 

To whon1 paid. For what paid. 

Bausch & Lalllb Optical Co. Supplies ................. . 
Geo. B. Frazer.... .. .. .. .. .. Collecting and shipping 

specimens. 
Jos. S. Stone ............... Pasturage ............... .. 
Wykoff, Seamans & Benedict Repairs ................. .. 
C. W. Parker & Co......... Supplies ................ .. 
Baltimore & Ohio R. R. Co... Freight .................. . 
Oreg. Rwy. &Navigation Co ...... do .................. .. 
The State Gen.eral Land Maps: ................... .. 

Office of Texas. 
G. N. Saegmuller........... Geologic instruments .... .. 
M.A. Tappan....... .. .. .. .. Geologic supplies ........ .. 
Henry H. Brown ................. do .................. .. 
Mackall Bros. & Flamer .... Tqpographic supplies .... .. 
Edward Klibel ............. Topographic repairs ..... .. 
Z. D. Gilman ......... --~- ....... do ................... . 
H. M. 'Wilson............... Traveling expenses ...... .. 
Pennsylvania H. R. Co ...... Transportationofassistants 
.Joseph P. Iddings .......... Services, May 1-14, 1896 .... · 
H. G. Heisler ............... Services, June 1-12, 1896 ... 
Ynem Wo... ... . .. . .. .. .... Services, June 1-9, 1896 .. .. 
Chic. ,Bur. &QuincyR.R.Co. Freight .................. . 
C. W. Parker & Co......... Field supplies ........... .. 
W. T. La.ne ................. 2 mules ................. .. 
A. P. Davis................. Vield expenses .......... .. 
Herman Barghausen........ Geologic supplies .... : .... . 
Wm. H. Hobbs ............. Services, .June 1-9, 1896 .. .. 
Frederick Springman ....... Hauling ................. .. 
Chic.,Bur.&QuincyR.R.Co. Freight ................. .. 

..... do .......................... do ................... . 
Gco. F. Muth & Co ......... Topographic supplies .... .. 
Cyrus C. Babb........ . .. .. . Fielfl expenses .......... .. 
F'ranklin & Co . .. .. . .. . .. .. Field ghtsses .. ~ ......... .. 
Chic. & Northwestern R. H. Freight .................. . 

Co. . 
S. S. Gannett ............... Services, June, 1896 ...... . 
Pay roll of employees ........... dil .................. .. 

..... do .......................... do .................. .. 

..... do .......................... do .................. .. 

..... <lo ............... ·--"·· ..... do ................... . 

..... do .......................... do .................. .. 

Awount. 

$16. 10 
4.60 

48.00 
6.00 

13. 10 
3.64 

10.08 
5.00 

92.25 
15.50 
22.00 
2.48 
4.00 
5.60 

12.44 
9.60 

84.00 
24.00 
13.50 

.67 
2.30 

150.00 
.45. 30 
16.75 

102.00 
7.130 
2.27 
2.00 
3.50 

36.25 
84.00 

.43 

164.80 
1,475.20 

392.87 
1,827.33 

1ti6.90 
132.40 

Total ............................................ _',~--5, 392. 28 

------~~------------------

SURVEYING LANDS IN TH.I<]-INDIAN TERRITORY, 1895 AND 1896. 

-----~---~~----------------------~---

Henry J. Green .............. \ I~struments .. . : .......... .. 
' 1895. 
Apr. 11 

12 
15 
15 
17 
22 
24 
29 
30 
30 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Q. M. Department, U.S. A ... Freid matenal. ........... . 
~- N. Saep;!;lluller ......... --~ Jns.t~nments ........... ; ... 
Edward Kubel ............. ServiCes, Mar.15-31, 189D .. . 
Z. D. Gilman ............... Supplies ................ .. 
Mackall Bros. & Flemer .... 

1 

..... do .................. .. 
G. N. Saegmnller. . . . . . . . . . . Instruments .............. . 
L. H. Schneider's Son ....... Supplies ................ .. 
Edward Kiibel ............. Sen-ices, April, 1895 ...... . 
S. S. Gannett ............... ! ..... do .................. .. 

$47.81 
974.58 
500.00 
95.96 

.10 
6.75 

600.00 
2.25 

175.00 
164.80 
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.tlbstract of disbnrsements made by .John D. McChesne!f, chief disbursing clerk, Un·ited 
States Geologic£tl S~trvcy, etc.-Continued. 

SUl~VEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continned. 

t;~ 
Date of -

payment. 0 ~ 
~~ 

Amount. To whom pa.id. For what 1•aitl. 

1895. 
Apr. 30 11 Geo. T. Hawkins ........... Services, April, 1895 ....... $131. 90 

30 12 Wm. J. Peters ...... --·----- ..... do·----··----· ........ 131.90 
30 13 Robert A. Farmer ...... ___ .. ..... do·-----·----··--- .... 98.90 

May 10 1 James A. Topham.---- ...... Supplies ------------ ·---·· 4.1JO 
10 2 W. & L.E. Uurley .......... ..... do·----------------· .. 9.00 
21 3 ..... do ..................... Inst~uments and repairs._. 1, 140.50 
25 4 Penn6ylvania R. R. Co ...... ·rrans portatiou of assistants 57.00 
31 5 Q. M. Department, U.S. A.· .. Tents, etc ................. 552.90 
31 6 R. B. Cameron ...... --·- .... Services, Apr. 16-May 31,'95 46.00 
31 7 Edward Kiibel .... __ .. __ ... Services, May, 1895 __ .. ____ 175.00 

June 3 1 Department of the Interior .. Supplies .................. 44.40 
10 2 Herman Baumgarten ...... _ ..... do ---------·---------- 1. 75 
11 3 Geo. F. Muth & Co ..... ·--- --·-.do ...... ·----· ____ .... !JO.OO 
11 4 W. & L. E. Gurley --------- Repairs of instruments .... 126.00 
11 5 Chesapeake & OhioRwy. Co. •rransportation of assistants 105. 15 
11 6 Mo., Kan. &Tex. Rwy. Co ... ..... do .................... 10.10 
13 7 ..... do ..................... ..... do .................... 7.~5 
15 8 Geo. F. Muth & C<' ......... Sandpaper ................ . 12 
17 9 Geo. N. Saegmuller .... _ .... Repairs to instruments .... 345.60 
19 10 L. H. Schneider's Son ....... Supplies ------------------ 2.03 
20 11 Department of the Interior .. ..... do .................... 305.00 
21 12 Pennsylvania R. R. Co Transportation of assistants 65.00 
28 13 Queen & Co. (incorporated). Instrurneuts ............... 360.00 
30 14 Fred. A. Schmidt ... ~ ....... Supplies -------------- ---· 9.95 
30 15 Edward Kiibel ............. Services, June, 189> ........ 175.00 

July 9 1 W. & L. E. Gurley .......... Instruments ............ _ .. 1, 015.80 
11 2 U.S. Express Co ....... _._ .. Freight charges .•...... _ .. 111.50 
16 3 Q. M. Department, U.S. A .. Tents ..................•.. 397.04 
19 4 W. & L. E. Gurley .......... Material .... _ .. _. __ .... _ .. 2.60 
18 5 :Edward Kiibel ...... ··----. Services, July 1-15, 1895 ... 84.67 
25' 6 T. H. & Ind. R. R. Co ....... Tronsportation ofassistant. 20.25 
31 7 Pay roll of employees ....•.. Services, July, 1895 ........ 102.58 

Aug. 3 1 G. N. Saeg-muller ......... _ .. Repairs to instruments ..... 7.25 
6 2 Adams Express Co._ ........ Freight charges ........... 19.95 
8 3 Mo., Kan. & Texas Rwy. Co. Transportation of assistant. 14.25 

16 4 Pennsylvania R. R. Co ...... .... . do .................... 36.50 
20 5 M.G. Copeland & Co .....•.. Supplies ...... ·----- ...... 36.00 
21 6 James S. Topham ........... ..... do .................... 2.50 
24 7 U.S. Expre.ss Co ............. Freight charges ........ _ .. 4.90 
26 8 National Express Co ........ ..... do---- ................ 64.93 
26 9 Mo., Kan. & Texas Rwy. Co. ..... do .................... 149.13 
31 10 Pay roll of employees ... _ ... Services August, 1895 .. __ •. 258.26 

Sept. 12 1 L. ll. Schneider's Son ....... 1 gross screws ............. . 43 
20 2 Department of the Interior .. Supplies---- .............. 5.76 
25 3 Pennsy l v~nia H. R. Co .... _. Transportation of assistants 36.50 
27 4 W.& L.E. Gurley .... , ..... Repairs to instruments ..... 12.25 
30 5 Payroll of employees ... __ .. Services, September, 1895 .. 277.80 

Oct. 25 1 Herman Baumgarten ....... Supplies .................. 3.25 
25 2 Department of the Interior .. ..... do .................... 20.0() 
31 3 Payroll of employees ....... Services, October, 1895 .... 221.10 

Nov. 9 1 Department of the Interior .. Supplies .................. 75.00 
9 2 ..... do ..................... ..... do .................... 61.75 

11 3 W. & L. E. Gurley .......... Instruments, etc ........... 198.90 
11 4 .... . do ..................... ..... do .................... 586.50 
11 5 ..... do ----------·-----··-·· Supplies .................. 16.00 
15 6 Missouri Pacific Rwy ....... ~'reig·ht ................ - .. 6~.00 

18 7 Maggie M. Loeffler .......... Services, Octo her, 1895 ..... 60.00 
20 8 EdwardKiihel. ............. He pairs to insknments ..... 13.00 
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Abstract of disburseme11tB made by John D. JJfcChesney, chief disbursing clerk, United 
States Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continue<l. 

Date of 
payment. 

1895. 
Nov. 30 
Dec. !J 

9 
!J 

13 
17 
19 
19 
31 

189G. 
Jan. 8 

8 
8 

16 
16 
23 
25 
31 
31 

Feb. 5 

14 
14 
14 

15 
17 
18 
18 
18 
18 
29 
29 

Mar. 7 
7 

12 
21 
21 
31 
31 

Apr. 10 
10 
16 
16 
18 

18 
30 

May 13 
16 
18 
19 

19 
22 
23 
36 

9 
1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 

2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 

6 
7 
1 
2 
3 
4 

5 
6 
7 
8 

To whom paid. Fur what paid. Amount. 

Pay roll of employees ....... Services, November, 1895 ... $243.80 
W. & L. E. Gurley ....•. ---- 24timberscribes ...•....... 24.00 
Mo., Kau. & Texas Rwy Co .. Transportation of assistant8 23.90 
Maggie M. Loeftler _ .... _ ..•. Services, Nov.l-17, 1895 .... 34.00 
Department of the Interior._ Supplies ------------------ 6.24-
G. N. Saegmuller. ........... He pairs .............••.... 30.25 
Edward HiibeL ............ 

-i,~-a~~~~~t.~ti-~~ ~r-;s~i~t~~t~l 13.75 
Pennsylvania R. R. Co ...... 73.00 
Pay roll of employees ...•... Services, December, 1895 .. 527.22 

Adams Express Co .......... Freight charges ........... 5.25 
U.S. Express Co ............ ..... do .................... 28.60 
W. & L. E. Gurley ...•...... Repairs ................... 19.20 
..... do ..................... Instruments ............... 975.47 
Department of the Interior .. Supplie;~ ....... : .......... 31!.33 
Q. M. Department, U.S. A ... Tents ..................... 202.17 
R. M. Towson ............... Services, Jan.l-15, 1896 .... 57.69 
M.G. Copeland & Co .....•.. Supplies .................. 4.80 
Pay roll of employees_ ...... Services, January, 1896 .... 469.70 
Appropriation for Public Note books ................ 75.00 

Printing an<l Binding, 
1896; allotment for De-
partmeut of the Intllrior. 

G. N. Saegmuller & Co ...... Repairs of instruments ..... 22.00 
..... do ..................... Putting plates ou compasses 60.00 
Contingent expenses, De- 1 typewriter ............... 49.49 

partment of the Interior. 
Department of the Interior .. Supplies .................. 76.80 
Kate B. Webb ............... Services, Peb.l-5, 1896 ..... 10.34 
Wykoff, Seamans & Benedict Supplies and repairs ....... 6.50 
Fred.J. Lnng .............. ..... do .................... 65.00 
M. J. Copelaml & Co ........ ..... do .................... 4.80 
Department of t.he Interior .. 3 typewriters ..•.•......... 148.47 
W. & L. E. Gnrley .......... Supplies .................. 9.45 
Pay roll of employees ...•... Services, February, 1896 ... 447.75 
W. & L. E. Gurley .......... 12 chains and expressage ... 104.65 
..... do ........ ---· ......... Hepairs anrl expressage .... 15.50 
Department of the Interior .. Supplies ........ · .......... 4.32 
U.S. Express Co ............ Freight charges ........... 17.06 
Adams Express Co .......... ..... do .................... 18.20 
W. &L. E. Gurley .......... Taversancl table blanks .... 6 00 
Pay roll of employees ....•.. Services, March, 1896 ...... 647.50 
Department of the Interior .. Supplies .................. 5.23 
National Express Co ........ Freight charges ........... 36.37 
Fred. J. Lung ............... Map ease~ ................. 65.00 
Chesapeake & Ohio Rwy. Co. Transportation of assistants 35.00 
Public printing and binding, Sup1)lies .................. 62.50 

1896. 
U.S. Express Co ............ Freight charges ........... 8.07 
Pay roll of !lmployees ....... Services, April, 1896 ....... 638.70 
W. & hE. Gurley .......... Repairs to instruments ..... 180.00 
PennsylvaniaR. R. Co ....... Transportation of assistants 57.50 
Department of the Int.erior .. Supplies .................. 67.62 
Public printin~ au<l bimling, ..... do .................... 88.50 

Dt>-partmentoflnterior,'96. 
Geo. F. Muth & Co .......... Paintbrushes .............. 1.50 
G. N. Saegmuller ............ Repairs of instruments ..... 78.00 
1'. H. & Incl. R. R. Co.... . . . . Transportation of assistant. 20.25 
E. J. Pullman ............... I Supplies .................. 7.20 
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Abstract of disbnrsemenls made by John D. McChesney, e/lief dis/Jursing clerk, United 
Slates Geological Survey, etc.-Continued. 

SURVEYING LA.NDS IN '!'HE INDIAN TERIUTOR¥, 1895 AND 189U-Continued. 

Date of' ~~. '" ,.; I 
payment. ~ g ,. 

1896. 

To whom paid. For ,•,rhat 1mid. Amonnt. 

May 2H 
June 6 

9 Pay roll of employees....... Services, May, 1896 ........ · $814.05 
12.00 
77.71 
15.50 

9 
10 
18 
30 
.30 

1 Wylwff,Seamans&Benedict. Repairs .................. . 
2 Department of the Interior__ Supplies ........ __ .. _ ... _. 
3 Mo., Kan.·& TexasRwy. Co._ Transportation of assistant. 
4 Q.M.Department,lT.S.A ... Tentage .................. . 
5 Franklin& Co ...... ______ .. Field glasses ............ .. 
6 Pay roH of employePs. _ .... _ Services, Jnnc, 1S96 ... _ .. _ . 

TotaL .... _ . _ .. __ - ... _ 

336. 9;') 
14.00 

823.85 
1----

18,55:3.25 

Abst1·act of disbttl'sements made .bY H. C. Rizer, special disbursing agent, United States 
Geological Sttn-ey, frmn .Aprill, 1895, to .Tnne So, 1896. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 139fi AND 1896-Continuerl . 

Date of 
payment. To whom paid. 

.APRIL, 1895. 

For what paW. Amount. 

----- ------------------------------1-----

AJH. 1 

May 

2 
2 
2 
2 

11 
11 
11 
11 
11 
11 
12 
12 
1a 
17 
17• 
17 
18 
19 
19 
19 
30 
30 
30 

2 
2 
4 
4 

1 C. H. Fitch ...... _ ........ __ Services ............. _____ _ 
2 Sparks Bros.~-------------- Fieldma.teria~-------------
:1 J. S. \Velch ..................... do ..•... -------·-- ... . 
4 F. Weber & Sons ....... ---- ..... do ...... ------ ...... .. 
5 Emory, Bird, 'l'hayer & Co. __ .... do ...... _ .. _ ...... ___ _ 
6 William J. Peter~_ ......... _ Traveling expenses ...... .. 
7 Geo. 'l'. Hawkins _______ ... : ____ .do ............ ------ .. 
8 .... _ do ............ ___ ..... _ Feld expenses .. _ .... _ ... __ 
9 C. H. Fitch-----·---------- Traveling expenses .... ___ _ 

10 Pay roll ...... ___ . _ ..... _... Services ............ _. _ ... _ 
11 Geo.T.Hawkins ............ Field expenses------------
12 Frank Smith ...... ________ Field supplies ...... ______ . 
13 ..... do .. . . . . . .. . . .. . . . . . . . . .. ... do ...... _ . _ ...... __ . _ . 
14 S. S. Gannett_ ............ _. Traveling expenses ...... _ 
15 ..... do ....... _ .... _ .... _... Field expenses _. _ .. _ ... _ .. 
16 Chas. F. Urquhart .. _....... Traveling expenses ...... -_ 
17 . _. _ . do ... _ ....... _ ... _. _ .. _ Field expenses .......... .. 
18 Prank Smith .... _ ........ __ Field supplies ... _ .. _ ... _ .. 
19 P. H. Wilhelm_ ............ Board .......... ------ ____ _ 
20 R. 0. Gordon. __ . __ .. _.. . . . . Traveling expenses ___ .... . 
21 H. L. Baldwin, jr. ..... _ ......... do ............ ____ ... . 
22 C. H. Fitch ................ Services ...... _------ ..... . 
23 Pay roll.. .... ___ . _ ... _ _ _ _ _ _ _ _ ... _do ...... ___ ... _ ...... . 
24 .. _ .. do _ ........... _______ . __ ... _do ..... __ ......... __ .. 

$111.11 
2, 685.00 

909.00-
518.15 
85.61 
16.50 
78.00 
20.70 
45.25 
24.00 

131.79 
307.60 
88.70 
49.99 
29.60 
32.65 
67.00 

288.48 
32.87 
52.30 
52.80 

206.00 
323.00 
289.07 

TotaL __ . ___ . ___ . _ ... _ . ___ .. __ . _ ..... _ .. _. __ .. __ . _ 6, 445. 17 

1 
2 
3 
4 

~[AY, 1895. 

Sparks Bros ......... _...... Mules and horses_ ... _ ... .. 
F. Weber & So us _ ..... _ . .. . Field material. _ ......... .. 
Emery, Bird, Thayer &Co ....... do ................... . 
J. S. Welch_ ...... ------ ......... <lo ------ __________ .. .. 

$4,619.50 
737.89 
133.49 

1, 481.20 
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.Abstract of disbursements made by H. C. llizer, special disbursin_q agent, United Sta.tes 
Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRIT011Y, 1895 AND 1896-Continued. 

Date of 
payment. 

May 4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
8 
9 
9 
9 
9 
9 
9 

18 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
14 
28 
17 
17 
18 
18 
18 
20 

'20 
20 
20 
20 I 20 

llfAY, 1~95---:-Continnefl. 

To whom paid. For what pAid. 

5 Shipley Bros . . . . . . . .. .. .. .. Fiel<l material. .......... .. 
6 S. S. Gannett ............... Field expenses ............ . 
7 \V. T. Culbertson ........... Field supplies ............ . 
8 Pay roll.... .. .. .. .. .. .. .. . . Services ................. .. 
9 ..... do .......................... do ................... . 

10 ..... do ......................... do .................. .. 
11 ..... do..................... .. .do ................... . 
12 Van H. Manning ........... Traveling expenses ...... .. 
13 Geo. T. Hawkins ............ Field expenses ........... . 
14 H. L.llaldwin,jr ................ do .................. .. 
15 Frank Smith .. .. .. .. .. .. .. . l<'ield supplies ............ . 
16 ..... do .................. · ........ do .................. .. 
17 ..... do .......................... do ................... . 
18 ..... do ..................... ~--· .do ................... . 
19 J. M. Zike ........... : .. .. .. Lodging ................. .. 
20 Robert A. Farmer .......... Traveling expenses ....... . 
21 D. C. Harrison.......... . . .. .do ................... . 
22 W. T. Culbertson ........... Field material .......... .. 
23 S. S. Gannett .. . .. . .. .. . . . .. Field expenses .......... .. 
24 S. A. Cambron . .. .. . . .. . .. .. Shoeing animals .......... . 
25 W. M. Radecker . .. .. . .. .. .. 1 gelding ................ .. 
26 R. M. Towson ............... Traveling expenses ...... .. 
27 C. H. Fitch ..................... do .................. .. 
28 ..... do ......................... do .................. .. 
29 F. D. Blackman, ngent ...... Freight .................. . 
30 H. F. Schreiner ............. Field material. ........... . 
31 \V. H. Cooper .................... do .................. .. 
32 G. E. Cravens ................... do .................. .. 
33 G. A. Cobb & Co...... .. .. .. Field supplies ............ . 
34 Geo. T. Hnwkins ............ Field expenses .......... .. 
35 J. J. Belford ...... -:-- ....... 2 horses .................. . 
36 R. 0. Gordon .. .. .. . .. . .. .. . Field expenses ........... . 
37 Van H. Manning ................. do .................. .. 
38 Frank Smith ............... Field supplies ............ . 

ll Ni~~~~~1" : + -r"'!FFH > I 
44 J. H. \Yard................ .. .. do .................. .. 
45 Frank Smith.............. Field supplies ............ . 
46 ..... do.................... ...do .................. .. 
47 Robert A. Farmer.......... Field expenses ........... . 
48 Frank Smith ............... Field supplies ........... .. 
,19 ..... do ......................... do .................. .. 
50 P. H.-Wilhelm.c ............. Board and lodging ....... .. 
51 H. C. Rizer...... . . .. .. . .. .. Traveling expenses ....... . 
52 Frank Smith .. .. . .. .. .. .. .. Field mater1al. ........... . 
53 ..... do .. .. .. .. .. .. . .. .. .. . Field supplies ..... : ...... . 
54 A. Ramel...... . .. .. .. .. .. . Services .................. . 
55 R. 0. Gordon...... . .. .. . .. . Field expenses ........... . 
56 Frank Smith.............. Material and supplies .... .. 
57 J.L.Farmer .................... do .................. .. 
58 Frank Smith.............. ~npplies ................ .. 
~9~ Allen & Austen............ Material ................ .. 
60 J. H. Wa.rd...... ...... .... .. .. do ................... . 
61 E. F. Cain................. .. .. do ................... . 
62 \V. J. Crocker............. Labor and material. ..... .. 

Amount. 

$92.00 
76.98 
72.30 

307.30 
228.00 
237.!l0 
42.00 
60.85 
57.40 
73.94 

130.71 
80.30 
53.55 
30.80 
7.50 

52.30 
75.45 
50.65 
45.51 
66.25 
50.00 
55.25 
49.60 
19.90 
25.94 
17.75 
20.50 
12.75 
79.95 
74.44 
90.00 
40.25 

102.85 
122.97 
60.86 
7.50 

19.50 
. 7.00 

4.00 
26.90 
89.92 
73.90 
50.44 

132.75 
122.97 
15.75 

147.00 
60. 12 
78.03 
50.00 
45.50 
35.67 
5.35 

122.97 
5.00 
9.60 
9.00 
6.10 
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Abstract of disbursements made by H. C. Rizer, spceial disb111·sing agent, United States 
Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continucd. 

Date of 
payment. 

MAY, 1R95-Continued. ' 

ro whom :vaid. Fur what paid. Amount. 

---- -- -~ ------ ----- ------' -------1----

May 20 
20 
21 
25 
27 
28 
28 
28 
31 
31 
31 
31 
;{1 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

;{[ 

31 
at 
3! 
31 
31 

63 G. K Cravens. __ ............ Field materiaL ........... . 
64- Frank Smith .................... do .................. .. 
65 S. S. Gannett ............... .Field expenses ........... . 
66 RobertA.Farmer ................ do ................... . 
67 Van H. Manning ................. do ................... . 
68 Frank Smith ............... Field supplies ............ . 
69 ..... do .......................... do .................. .. 
70 ..... do ....... -----~ ...... : ...... do ................... . 
71 Van H. Manning ............ Services .................. . 
72 Pay rolL ........................ do ................... . 
73 ..... do .......................... do .................. .. 
74- ..... do .......................... do ................... . 
75 ..... do .......................... do .................. .. 
76 ..... do .......................... do ................... . 

~~ 1:::: :~~ ::::::: :::::::::: :::: :::: :3~ :::::: :::::::::: :::: 
79 ..... do . . .. ... ...... ... . . .. . .... do ................... . 
80 ..... do .......................... do ................... . 
81 ..... do .......................... do ................... . 
82 ..... do .......................... uo ................... . 
83 S. S. Gannett .. .. .. . .. .. .. .. .. .. do ................... . 
84- Chas. Ellet Cabell ............... do ................... . 
85 Pay rolL ........................ do .................. .. 
86 ..... do .......................... do .................. .. 
87 R. M. Towson ............... Fielu expenses .......... .. 
88 Wm. J. Peters ................... do .................. .. 
89 S. S. Gannett .................... do .................. .. 
90 ~W. H. Ainsworth........... Field supplies ............ . 
91 Frank Smith .................... do ................... . 
92 Choctaw, Oklahoma & Gulf Rent of storage room .... .. 

R.R. Co. 

$16.70 
104.36 
64.45 
67.90 
49.98 
71.76 
57.80 
65.19 

110.20 
431.24 
466.20 
541.76 
27.09 

140.00 
480.85 
10.96 

293.00 
239.20 
536.93 
31.61 

170.40 
11.61 

422.63 
332.63 
50.35 
22.95 
40.47 
46.45 
9.7;) 

27.50 

93 J.l\L Zike .. .. .. . .. .. . . .. .. . Rent of office .............. · 7.50 
106.88 
61.28 
23.03 
7.35 

40.00 

94 Robt. A. Far111er . .. .. . .. .. .. Field expenses ........... . 
95 Henry C. F. Hacklmsh ...... Services .................. . 
96 S. S. Shap~rfl·....... .. .. .. .. Fiehl supplies ............. ] 
97 R. E. Albrrg-ht ................... do .................... ' 
98 .John W. Hidenour...... .. .. Hire of livery team ........ j 

-,----
Total ............................................. ,1:5, 9i>8. 71 

------~~------------------~ 

June 4 
5 
8 
8 
8 

10 
10 
10 
11 
11 
12 
12 
14-
14 

JUNE, 1895. 

1 C. H. Fitch....... . .. . .. .. .. Fiel£~ expenses ........... .. 
2 Pay rolL ............. , . . .. . Servwes .................. . 
3 G.A.Cobb&Co ............ Fiehlsupplies ............ . 
4 Chas. F. Urquhart .......... Field expenses ........... .. 
5 ..... do .......................... do .................. . 
6 H. L. Baldwin, jr ............... do .................. .. 
7 C. H. Fitch ................. Traveling expenses ...... .. 
8 ..... do .......................... do ................... . 
9 S. S. Gannett ............... Field expenses ........... .. 

10 Van H. Manning ................. do .................. .. 
11 Frank Smith ............... Field supplies ........... .. 
12 ..... do ..................... Field materiaL .......... .. 
13 D. C. HarriRon .............. Field eX]Jenses ........... . 
14, R. 0. Gordon .................... do ................... . 

$20.54 
380.81 
68.80 
4.00 

150.18 
185.56 

3.85 
5.10 

38.25 
38.30 

117.82 
26.62 
87.97 

127.75 
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Abstract of disbursements matle by H. C. Rizer, special disbursing agent, Unite<! States 
Geological Surney, etc.-Continued. 

SURVEYINH LANDS IN THE INDIAN TERRITORY, 189n AND 1896-Continuell. 

JuNE, 1805-Continne<l. 

----,--c-.------------------------------- ----

Date of 
payment. To wb01n paitl. For what paiu. Amount. 

---- -- ----------------1·--'------------

June 14 
22 
22 
24 
2:> 
27 
27 
27 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
2!1 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

15 
16 
17 
18 
19 
20 
21 
22 

Robt. A .. Farmer...... .. .. .. 1<\eld expenses ........... . 
S. _s .. Gannett ...... , ........ 

1 
..... do ............ : . ..... . 

·w 1lh am J. Peters. .. .. .. . .. . .. ... do .................. .. 
Henry Gannett....... . . . . . . Traveling expenses ....... . 
H. L. Bald win ....... :.. .. .. Field expenses ........... .. 
J. S. 'Velch ........ .".... .. .. Field material. ............ . 
Emery, Bird, Thayer & Co ....... do ................... . 
Sparks Bros ................ ---- .do .................. .. 

23 Pay roll...... .. .. .. .. .. .. .. Services ................... · 
24 ..... <lo ......... __ ............... do ................... . 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4.1 
42 
43 
44 
45 
46 
47 
48 
49 
50· 
51 

..... do .......................... do ................... . 

..... do .......................... do .................. .. 

..... do .......................... do ................... . 

..... do ......... --~--- ........... do .................. .. 

..... do .......................... do ... , ............... . 

..... do .......................... do ..... , ............. . 

..... do .......................... <lo ................... . 

:::: : ~~ : :::::::::::: ·_:::::: :i:::: : :~~ :::::::::::::::: :::: 
Ole Quam ....................... do .................. .. 
Pay rolL ........................ do ................. .. 
F. Weber's Sons ............ Field material. .......... .. 
Frank Smith............... Field supplies ........... .. 
W. 'l'. Culbertson ........... ' ..... <lo ................... . 
Frank Smith .................... do ................... . 
Robt. A. Farmer............ Fiel1l expenses ............ . 
G. A. Cobb.& Co ............ Piehl supplies ........... .. 
Geo. T. Hawkins ............ Field expenses ........... .. 
Frank Smith . .. .. .. . .. . .. .. Field materiaL ........... . 
J. M. Zike .................. Office rent ................ . 
R. E. Albright .. .. .. .. .. .. .. Field supplies ............ . 
Pay roll.................... Services .................. . 

..... do .......................... do ................... . 
Van H. Manning ............ Field expenses ............ . 
Pay roll.... .. . .. . . .. . . .. .. . Services .................. . 
n. C. Harrison .............. Field expenses ............ . 
E. A. Robinson.... .. . .. . .. .. Field supplies ........... .. 

52 S. S. Shapard .................... do ................... . 
53 C. H. Fitch................. Traveling expenses ...... .. 
54 Frank Smith .. .. . .. .. .. .. .. Field 'mpplies..... .. .. .. . 
5fl ..... LlO .......................... dO ................... .. 
56 
57 
58 

R. 0. Gordon . .. .. . .. . .. .. .. Field expenses ............ . 
L. R. Ten birer .. .. .. .. .. . .. . Services .................. . 
J. M. Pi burn ..................... do ................... . 

$135.12 
133.40 
133.65 
67.75 

135.75 
355.00 
29.06 

1,122.00 
461.90 
328.30 
400.66 
629.90 
659.41) 
60.00 

741.40 
304.80 
235.40 
555.40 
180.00 
53.33 

167.00 
184.57 
50.84 

133. :~4 
120.94 
131. H8 
157.80 
127.3H 

5.55 
7.50 

11.60 
437.90 
406.90 
153.22 
51.66 

382.41 
122.94 
42.62 
24.80 

102.40 
68.40 

1:'12.45 
7.00 
7.00 

Total. ................ __ .............. __ . __ ... .. .. 11, 015. 98 

-----'----'--------------'-----------------

July 9 
9 

9 
9 
9 

10 

1 
2 

3 
4 
5 
6 

JULY, 1895. 

C. H. Fitch . .. .. . . .. .. .. .. .. l<'ield expenses· .......... .. 
Choctaw, Oklahoma & Gulf Hent or storeroom ........ . 

R.R.Co. 
S. S. Gannett .. .. .. . .. .. .. .. Field expenses .......... .. 
}{obt. A. Farmer ................. do .................. .. 
F. J. Gordon .............. --1 Services ................. . 
Chas. Urquhart............. Field expenses ........... . 

$61.99 
15.00 

99.37 
23.42 
3.00 

181.95 
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.Abstract of disb-ursements rnadc by H. C. Rizer, special disbursing agent, United States 
Oeolog·ical S111·vey, elc.-Continned. 

SURVEYING LANDS IN THE INDIAN TEltRJTORY. 1H95 AND 1896-Contiune<l. 

.... ..: 
Date of o1l 

payment. ~ g 
~ 

JULY, 1895-Uontiuucd . 

To whom paifl. ]1'or what paid. .Amount. 

-~~~-~-[-~~~-----~--~--~~-~-----[--~--

July 10 7 H. L. Baldwin.... . .. .. . .. .. Field expenses .......... .. 
11 8 Jeremiah Ahern ................. do .................. .. 
11 9 Riley Alverson .. . .. .. .. .. .. Field s n p plies ........... .. 
11 10 Grady&Freeny ................. do .................. .. 
11 11 Frank Smith.... . .. .. .. .. .. Field material .......... --. 
11 12 .. - : . uo -- -- .... ---- . . . . .. . .. .. .. -rl 0 .. ---- . - - -- . -- ..... -
13 13 ..... do .. .. .. .. .. . . .. . .. .. . . .. ... do .................. .. 
12 14

1 

..... do ..................... Field supplies ........... .. 
12 · 15 C. H. Fitch................. Traveling expenses ...... .. 
13 16 Chas.E._Cooke ................... do·----.- ............ .. 
13 17 W.II.Awsworth ........... Fteldmatenal. .......... .. 
13 18 \Vm. J. Peters . . . . .. .. .. .. .. :Field expenses .......... .. 
15 19 H.M.Towson ................... do ................... . 
16 20 Robt.A.Farmer ................. do ................... . 
16 21 ..... do .......................... do .................. .. 
i6 22 Chas.E.Cooke .................. do .................. .. 
18 23 Geo. T. Hawkins ................. do .................. .. 
20 24 S. S. Gannett .................... do .................. .. 
20 25 E. A. Hobinson .. .. . .. .. .. .. .Field supplies ........... .. 
22 26 ..... do . .. . . .. . . . .. . .. .. . . . . . .... do .................. .. 
22 27 Hay&Hais ................ Fieldmaterial. ........... . 
22 28 H. Bates ........................ do .................. .. 
22 29 B. F. Bryant ..................... do .................. .. 
22 30 E.P.G.Hunter .................. do .................. .. 
23 31 \V. H. Ainsworth . . . . . . . . . . . Field supplies ............ . 
23 32 Riley AI verson .. .. .. . .. .. .. J:,ieltl materia 1. .......... .. 
31 33 Pay rolL ................... Services __ ,_ ............ .. 
31 34 ..... do .......................... do .................. .. 
31 35 ..... do .. .. .. .. .. . .. .. .. .. .. .. ... do .................. .. 
31 36 ..... do .......................... do ................... . 
31 37 ..... do .......................... do .................. .. 
31 38 ..... do· .......................... do ................... . 
31 39 Bloom Herry .................... do .. · ................. . 

!~ !~ :;:~~~it:::::::::::: ::::::::1:::: :~~ :::::::::::::::::::: 
31 43 ..... do .......................... do .................. .. 
31 44 Maggie M. },oeffier ......... · ..... do . .. .. ............ .. 
31 45 S. S. Gannett .................... do .................. .. 
31 46 Chas. E. Cooke . .. .. .. .. . .. . Field expenses ... _ ........ _ 
31 47 VanH.:Manning ................. do ................... . 
31 48 Pay rolL..... .. . . .. .. . . .. . . Services ................. .. 
31 49 ..... do .......................... do .................. .. 
31 50 ..... do ........................... do ................... . 
31 51 Robt. A. Farmer...... .. . . . . Field expenses ........... .. 
31 ·52 E. A. Robinson.............. Field surplies ........... .. 
31 53 Geo. T. Hawkins. .. .. . .. .. .. Field expenses .... _ ...... .. 
31 54 H. L. Baldwin,jr ................. do .................. .. 
31 55 D.C. Harrison ................... do ...... ; ........... .. 

$153.81 
27.03 
51.25 
52.20 
17.23 
19.05 
22.95 
36.35 
51.85 
18.75 

147.78 
102.60 

9<1. 16 
1o.:3.96 

6.85. 
77.79 
41.30 
66:87 

112.68 
2.50 

14-.05 
47.10 
21.85 
21.20 
31.48 

3.60 
440.60 
704.35 
694.80 
120.32 
164.53 

1.336.08 
17.00 

464.80 
697.90 
394.80 
331.60 
60.00 

168.50 
105.99 
145.13 
283.313 
4!16.20 
395.00 
106.28 
140.71 
167.76 
165.52 
358.11 

TotaL .............................. _·_............ 9, 689.31 

Aug. i I 
z 

1 
2 
3 

AUGUST, 1895, 

Chas. E. Cooke. ~ .......... -1 }'ield expenses- .... -- -----·I 
H. L. Baldwin, jr ................ do .................. .. 
Chas. E. Cooke .................. do ................... . 

$32.20 
116.70 
96.72 
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Abstrttct of disbursements made by H. C. Rizer, special disbursing agent, United States 
Geological S~trvey, elc . ...,--ContinnecL 

SUIWE;YING LAND~ IN THE INDIAN TEKJUTORY, 1895 AND 1896-Contiuued. 

AUGUST, 1895-Continned. 

o o To whom·pai<l . Date of I ~~ 
. payment. _:: ~ --------

For what paid. 

9 4 Geo.T, Hawkins ............ Fielclcxpenses ....•........ 
H 5 · ..••. do . . . . . . • . . . . . . . . . . . . . . Traveling expenses ....... . 

10 6 Ro bt. A. Farmer ........... ~ Field expenses ........... · .. 

Aug. 

12 7 Payroll. ............ -.-. . . . . Services .................. . 
12 8 Chas.F.Urqulmrt .......... Fielfle~penses ............ . 
19 9 Jeremiah Ahern ................. do ................... . 
20 10 Ro bt. A. Farmer ... -- .. ----- --- - -do -·---- -- · - --- -- · - · · -~ 
20 11 H. L. I3aldwin,jr ................ tlo ................... . 
20 12 Chas. E. Cooke .................. do ................... . 
20 13 R. M. Towson· .................... do ................... . 
20 14 . Van H. Mannjng ................. do .............. : .... . 
21 15 R.O.Gordon .................... do ..... ------········ 
21 16 "William J. Peters ................ do ................... . 
21 17 Frank Smith ........... , . . • Field supplies ............ . 
21 18 ..... do ...•...................... do ................... . 
21 19 ..... do .......................... do .................... . 
22 20 H. Bates ........................ do ., .................. . 
22 21 W. H. Ainsworth .....•.......... do ................... . 
22 22 .•... tlo .............. · ...... :.· .... do ............... : ... . 
24 23 J. M. Zike .................. Offi~erent ........ .. : .... . . 
24 2i .T.H.Peter ..... : ........... }'iel~lsupplies ............ . 
2<L 25 Frank Smith ............... Storage .................. . 
24 2fi S.S.Shapan1 ............... }'ieldsnpplies ............ . 
26 27 C. H. B'itch ................. FieltlexpenRes ............ . 
31 28 •.... do ...................... Traveling expenses ....... . 
31 29 Frank Middleton ........... Services .................. . 
31 30 Pay roll ......................... do ................... . 
31 31 ..... do--------------------- ..... do--------------------
31 32 ..... do--------------·------- ..... do ................... . 
31 33 ..... do ..... : .................... do ................... . 
31 34 ..... do . . . . . . . . . . . . . . . . . . . .. . .... do ................... . 
31 35 ..... do ·. . . . . . . . . . . . . . . . . . . . . . .... do .................. . 
31 36 ..... uo .............. ·_ . . . . . . . .... do ................... . 
31 37 ..... do .......................... do ................... . 
31 38 Van II. Manning........ . . . . }'ield expenses ............ . 
31 3fJ G. 13. Hester.......... . . • . .. }'icld snpplie~ ............ . 
31 40 Payroll. ................... Services .................. . 
31 41 ..... do--------------------- ..... do ................... . 
31 42 ..... do .......................... do ................... . 
31 43 Robt. A. Farmer ............ Field expenses ............ . 
31 H Pay roll .................... Services .................. . 
31 45 ..... do .......................... do .................. .. 

---3-1--4-6~--· .. do1:;,~, ::.: : :::: •. : ::I ::. ''" :. :: ••••• : ••••• : •••• 

Sept. 7 
7 
9 
9 
9 
9 
9 

10 
10 

S~<:PTEi\lBEn, 1895. 

1 H. L. Baldwin,jr ........... l<'ieldexpenses ............ . 
2 Chas. E. Cooke .................. do ................... . 
3 D. C. Harrison ................... do ................... . 
4 .John E. Kelly...... . . . . . . . . Services .................. . 
5 H. A. Neeley ..................... do ................... . 
6 Robt. A. Farmer ............ Field expenses ........... .. 
7 Geo.T.Hawkins ................. do .................. .. 
8 C.H.Fitch ...................... do .................. .. 
9 Chas.F. Urquhart ............... do ................... . 

$204.97 
5.25 

124.15 
453.17 
261.14 
114..63 
50.89 

10-!.56 
124.57 
124.49 
144.97 
219.88 

. 82.H1 
67.95 
17.92 
84.76 
87.20 

164.96 
83.16 
11.25 
8.25 

15.00 
51.36 
35.62 
16.55 
21.29 

440.60 
726.09 
374.80 
376.28 
487.90 
231. 61 
697.90 
340.00 
136.02 
146.88 
421.60 

1,322.54 
364.80 
145.37 
449.G7 
395.00 
404.80 

10,388.33 

$168.95 
115.06 
342.91 

8.61 
8. 61 

32.55 
239.68 
43.88 

303 32 
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Abstract of disbu!·sernenls made by H. C. Rizer, special disbursing agent, United States 
Geological Survey, etc. -Continued. 

SURVEYING LANDS IN THE INDfAN TERRITORY, 1895 AND 1896-Continne<l. 

SEPTEMBER, 1895-Contin.ued. 

----.--c.-----~-----

Date of 
payment. To whom paifl. For what pai<l. 

--- -- ~-------------1----

Sept. 10 10 Van H. Manning............ Field expenses ............ . 
11 11 J. H. McMurtrey............ Services .................. . 
11 12 S. S. Shapard........ .. . . . . . Field supplies .......... _ .. 
14 13 FelixR. Phillips ................. do ................... . 
14 14 A. M. Russell..... . . . . . . . . . . . Field material. ........... . 
H 15 Frank Smith .................... do .................... . 
14 16 ..... do ..................... St-orage .................. . 
14 17 ..... do .. .. . .. .. .. .. .. .. .. .. Field supplies ............ . 
14 18 ..... do .......................... do .................. .. 
14 19 0. M. Burtnett.............. Field material. ........... . 
14 20 Geo. Norton ..................... do ................... . 
14 21 H. F. Schreiner............ . •. do ................... . 
14 22 Frank Smith ..................... do ................... . 
21 23 Robert Coe ................. SerYi<:es .................. . 
21 24 E. Ellis .......................... do .................. .. 
21 25 Rout. A. Farmer.......... . . }'ield exp1mses ............ . 
26 26 Jeremiah Ahern ........... : ..... do .................. .. 
26 27 1Vm. A. Peters ................... do ................... . 
26 28 Chas. E. Cooke .................. do .................. _. 
26 29 R. 0. Gordon .................... do ................... . 
27 30 J.S. Welch ................. Fieldma~rial. ........... . 
27 :n Frank Smith ..................... do .................. . 
27 32 ..... do .. . .. . .. .. .. . .. .. .. .. Field supplies ............ . 
27 33 
30 34 

H. L. Bald win, jr........... Field expenses ............ . 
Pay roll. ................... Services .................. . 

30 35 ..... do .......................... do ......... · .......... . 
30 36 ..... do .......................... do .................. .. 
30 37 ..... do .......................... do .................. .. 
30 38 
30 39 
30 40 
30 41 
30 42 
30 43 
30 44 

:::• ll·i~/ :::::::: ::t:;: :~~ :;:::: ::::·~ ::;: ·::: 
30 45 S.N.Stoner ...................... do .................. .. 
30 46 
30 47 

W. P. Rogers .................... do ................... . 
Chas. E. Cooke ............. Field expenses ............ . 

30 48 Frank Smith ............... Field material. ........... . 
30 49 ..... do .......................... do .................. .. 
30 50 ..... (lo .......................... do ...... · .......... __ __ 
30 51 H. I<'. Schreiner .................. do .................. .. 
30 52 Pay roll .................... Services .................. . 
30 53 
30 54 -ii~~;_;~.-:H~p~~:::: :: :::: :::: ~:::: :~~ :::::: :::::: :::: :::: 
30 55 Pay roll ......................... do .................. .. 

Amount. 

$150.30 
30.00 
42.61 

106.16 
25.00 
89.74 
15.00 

263.50 
118. 16 
18.70 
13.00 
16.50 
75.42 
3:~. 33 
15.00 

154.14 
149.49 
165.07 
77.65 

261.17 
236.50 

4.51 
63.50 

165.33 
483.80 
430.40 

1,286.73 
824.86 
340.00 
300.40 
385.00 
509.00 
66.33 

579.86 
310.20 
14.00 
26.00 

170.15 
11.90 
38.55 
50. 15 
14.75 

392.80 
491.80 

8.00 
1, 098.06 

Total. ........................... , .. . .. . .. .. .. .. .. 11, 385. 73 

~-------------

OcrOBEll, 1895. 

~~~--1-l VanH.Manniug-............. \ Fieldexpenses ............ . 
8 2 Chas.F. Urquhart .......... 

1 

..... do ------ ...... --------
9 3 C. H. Fitch ...................... do .................. .. 
9 4 Robt. A. Farmer ................. do---- ............... . 
9 5 WilliamJ.Peters ........... ) ..... do .................. .. 
9 6 Chas. E. Cooke ............. / ..... do .................. .. 

$3QL 70 
178.30 
106.21 
100.75 
142.22 
44.20 
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Abstract of disbut·sements tnade by H. C. Rize1·, special disbursing agent, United States 
A-eological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continued. 

OcTOBER, .1895-Continued. 

-------,---------------.-------------~-
u;.te of 

payment. 

-----
Oct. 9 

9 
9 
9 

10 
10 
10 
12 
u 
14 
15 
18 
18 
18 
19 
22 
22 
22 
22 
23 
23 
26 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Nov. 6 
6 
6 
7 
7 
7 
8 
8 
8 
8 

....,..; 
oJl 
0~ 

"'~ 
'fo whom paid. }'or what paid. Amount. 

-- ---------- -- -----
7 
8 

8. S. Sbap~rll ............... Field supplies ............. [ 
Frank Sm1th .................... do ................... . 

9 
10 
11 
12 
13 
14 

:::: :~~ ::::::::::::::::::::: ~r~f~~a:i;r·i;,i:::::::::::::! 
D. C. Harrison .............. }'ieldexpenses ............. 

1 Pay roll.................... Services .................. . 
Geo. T. Hawkin8 .. .. .. .. .. .. Piel<l expenses ............. ! 
H. L. Baldwin,jr ................. llo .................. __ I 

15 Frank Smith ............... Pield supplies ........... .. 
16 J.F. Hervey ................ Services ................. .. 
17 A.E.Johnson .................... do .................. .. 
18 R. M. Towson ............... Fieldexpenses ........... .. 
19 
20 

Van H. Manning ................. do .................. .. 
B. H. Hester .. .. .. .. . . .. .. .. Services ................. .. 

21 R. 0. Gorllon ............... Field expenses .......... .. 
22 Robt. A. Farmer ................. do .................. .. 
23 
24 

G. B. Hester ................ }'ield supplies ........... .. 
A.M. Russell . .. .. . .. .. . .. .. Fielol material. .......... .. 

25 H.- Bates ........................ do .................. .. 
26 W. II.Ainsworth ................. do ................... . 
27 R. M. Towson. .. .. . .. . .. .. .. Field expenses ........... .. 
28 
29 

Frank Smith . .. .. .. .. .. .. .. Field supplies ........... .. 
Pay roll . .. .. . . .. .. . .. .. . .. . Service!:!.: ................ . 

30 ..... do .......................... uo .................. .. 
31 ..... do .......................... do .................. .. 
32 ..... do .......................... do .................... . 
33 ..... do .......................... do .................. .. 
3<1 ..... do .......................... do ................... . 
35 ..... do .......................... do ................... . 
36 ..... do .......................... do ................... . 
37 Cbas. E. Cooke ............. Field expenses ............ . 
38 Pay roll .................... Services .................. . 
39 ..... do .......................... do ................... . 
40 ..... do .......................... d,o .................. .. 
41 ..... do ............ · .............. do .................. .. 
42 W. C. Oldham ................... do ................... . 
43 
44 

H. L. Bald win, jr....... .. .. Fielil expenses ............ . 
JeremiahAhern ........... : ..... do ....... · ........... .. 

45 Grimm & Flynn. . . . . . . . . . . . Field materiaL ........... . 
46 
47 

..... do .. .. .. . .. .. .. . .. . .. .. Field supplies ............ . 

..... do .......................... do ................... . 

$<18. 19 
314.48 
15.00 
95.18 

522.45 
301.40 
255.8!1 
89.97 

125.30 
4.84 
6.00 

165.82 
209.95 
19.58 

156.!15 
135.98 
44.72 
16.70 
17.40 

112.60 
150.27 
60.35 

537.04 
471.57 
582.54 
274.80 

1, 329.83 
357.90 

1, 318. 21 
1,434.50 

85.85 
1,298.97 

395.00 
336.87 
408.03 
12.88 

209.53 
171. 13 
22.50 
82.83 
71.90 

Total .. .. . . . . . . . . .. . . .. . . . . . .. . . . . . . . . . . . . . .. .. . . 13, 144. 28 

NoVEMBER, 1895. 

Roht. ~-Farmer...... . . . . . . Fiel(l expenses ........... ·I 
2 C.H.E1tch ...................... do ................... . 
3 YanH.Manniug ................. do ................... . 

1 

4. Geo. T. Hawkins ................. ilo .................. .. 
5 S. S. ShaJJard....... .. .. .. . . Field supplies ........... .. 
6 ..... do . . .. . . .. . . .. . .. .. .. .. Field materiaL ........... . 
7 ..... do ..................... }'ield supplies ............ . 
8 Frank Smith........... . .. . Field material. ........... . 
U ..... <.to ..................... Storage .................. . 

10 Alexander Haas .. . . .. . .. .. . Field supplies ........... .. 

$83.25 
110.56 
243.83 
255.79 
318.73 
88.90 
32.92 
23.70 
15.00 

156.83 
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Abstract of diBburBements rnade by H. G. Rizer, Bpecia.l llisbnrsing agent, United States 
Geological Survey, etc.-Continued. 

SUHVEYING LANDS TN THE INDIAN 'l.'ERRITORY, 1895 AND 1896-Continucd. 

Date of 
payment. 

.1'\o\·. 8• 
8 
9 

11 
11 
15 
15 
15 
15 
15 
16 
19 

~~I 22 
27 
27 
27 
27 
29 
30 
30 
30 
:30 
30 
30 
30 
30 
30 
30 
:~o 
30 
30 
:~o 
30 
30 
30 
30 

NOVEMBER, 1895-Continued. 

~ ~ I To whom paitl. For v.rhat paid. ..Amount. 
~g 

I> 

11 I 'J· _H. Ains:w?rth ........... I Field supplies.~=~ --;7~. :~7 121 :F ehx R. Phrll1ps ................ _do .. _ ... __ .. __ .. ____ .. 129. 43 
13 Chas. E. Cooke ........... _. Field expenses .. .. .. . .. .. . 163. 65 
14 Frank Smith. .. .. .. .. . .. . .. Field supplies.... .. .. . . . .. 138. 10 
15 Jeremiah Ahern.. .. .. . .. .. . J<'ield expenses .......... __ 114. 35 
161 D. C. Harrison ................... do.................... 516.43 
17 Wm .• J. Peter~------ ............. do.................... 76.65 
18 H. C. Hall & Co .......... _. Field supplies.... .. .. .. .. . 71. 30 
19 K B. Bunker....... . . .. .. .. Services ............. _..... 7. 73 
20 ..... do .......................... do ...... ·-·----------- 4.00 
21 R. M. Towson ....... -- . . .. . . l<'ield expenses ... _ ...... _ _ 233. 00 
22 Chas. F. Urquhart .............. _do .. __ ... __ .. _ .... __ .. 172. 37 
23 ·w. B. Corse .. --........ .. .. Traveling expenses .. _. __ __ 17. 80 
24 C. H. Fitch ...... _ ............... do ............ ____ .... 68.80 
25 Dave Win bray .... _ . .. .. .. .. Services .... __ ... __ .. .. .. .. 6. 00 
26 Van H. Manning. .. . .. . .. .. Field expenses . .. . .. .. . . .. 295. 63 
27 Rol.Jt. A. Farmer. ............... _do ............ __ ..... : 184.07 
28 L. H. Baldwin, jr. ........... __ .. do .... _ .......... _.... 82.29 
29 H. F. Schreiner....... . .. .. . Field materiaL .. ___ . __ ... _ 22. 25 
30 Jack Harvey.... . . .. . .. . .. . Services ........... _ ...... _ 22. 00 
31 W. K. Blachly ............. _ ..... do ............ __ ... _ _ _ 20. 32 
32 Pay roll ......................... do ...... _... .. .. .. .. . . 731. 30 
33 ..... do .......................... do .... __ .. _... . . .. .. .. 345. 20 
34- ..... do .......................... do-------·------------ 441.80 
35 ..... do .......................... do .................... 1,289.40 
36 ..... do ............ _ ............. do ....... _ .......... _ _ 1, 332. 60 
37 ..... do ............ _ ............ _do ................. _ __ 1, 426. 2! 
38 J.G. Pollock .................... do.................... 3.87 
39 Fred S. Mcintyre ......... _. OfficE> rent................. 6. 00 
40 Frank Smith............... Storage .......... ·......... 15.00 
41 Chas. E. Cooke ........... __ Field expenses ____ . __ . .. .. 2fl4. 78 

i~ : ~:~~ ~r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ :: ~ ~ : ~~~]r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~ : ~: ~ ~ J J!~j~ 
46 Van H. Manning........... l<'ield expenses ... ___ .... _. 135. 67 
47 Geo. 'l'. Hawkins_ .... __ ......... do ... ___ .... ____ ...... 342. 67 
48 S. S. Shapard ............... Field supplies ...... __ .... _ 263.02 

Total __ ...... _ ... ___ T_ ................ _____ . .. .. 12, 743. 66 

Dee. 5 1 Frank Smith...... . .. .. . . .. :Field supplies ........ ___ __ $135.47 
27.25 
21.20 

123.78 
384.00 
405.40 

5 2 S.S.Shapard .................... do .................. .. 
5 3 Frank Smith............... Field expenses .......... .. 
5 4 C.H.Fitch ...................... do .................. .. 

11 5 Pay roll .................... Services .................. . 
11 6 ..... do .......................... do ...... ____ ......... . 
11 7 C. W. Goodlove ............. Traveling expenses ...... .. 
12 8 Frauk Smith ............... Fieldsuppliss ........... .. 
12 9 R. M. Towson....... . .. .. .. . Field expenses .......... .. 
13 10 D. C. Harrison ...... __ , .......... do .................. __ 
13 11 H.C.Rizer ...................... do ................... . 
14 12 S. Crowl............. .. . .. . Field material. .......... .. 

3fJ.55 
123.4f:i 
126.10 
559. 74 

6.00 
21.80 
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Abstract of disbu1·smnents made by II. C. Rizer, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 18\if>-Continued. 

DECEMBER, l895~Contiuued. 

~ti 
Date of 0 -" To whom paid. l<'or what paid. 

payment. ~ ~ 

" . ------1------------1 
Dec. 14 

14 
14 
14 
14 
16 
16 
17 
17 
17 
17 
17 
17 
18 
18 
19 
19 
23 
24 
24 
24 
24 
24 
27 
27 
27 
27 
27 
31 

. 31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

13 R. M .. Towson .............. Fieldexpenses ........... . 
14 Chas. E. Cooke .................. do ................... . 
15 Jeremiah Ahern . . . . .. . . . . . . . .... do ................... . 
16 Robert A. Farmer ............... do .................. .. 
17 H. L. Baldwin,jr ............... do .................. .. 
18 R. M. Towson.... . . . . . . . . . . Traveling expenses ....... . 
19 Chas. F. Urquhart ...... ·_... J<'ield expense8 .......... .. 
20 Roht.A.J<'armer ................. do .................. .. 
21 D. C. Harrison.. . . . . . . . . .. .. Traveling expenses ....... . 
22 J. R. ·wood ................. Ser.v:ices ................. .. 
23 II. U. Hall & Co ............ Fiehl supplies ........... .. 
24 ..... do ........................... do ................... . 
25 Hugo Haas ....................... do ................... . 
26 H. Haas ......................... do ................... . 
27 Van H. Manning ............ Field expenses .......... .. 
28 G. L. Hooker ............... Services .................. . 
29 W.B.Corse ................. F.ield expense8 ........... . 
30 Chas. E. Uooke .................. do ................... . 
31 U.L.Berry ................. Services ................. .. 
32 Henry Boon ..................... do ................... . 
33 Walter Clifton .................. do .................. .. 
34 W. G. Mathies ................... do .................. .. 
35 J. M. Fawbush .................. do ................... . 
36 Geo. T. Hawkins ........... Field expenses ........... . 
37 Robt. A. Farmer ................ ~do ................... . 
38 S. R. J<'raser ................ Services ................. .. 
39 Van H. Manning ............ Traveling expenses ...... .. 
40 Geo.T. Hawkins ................ do ................... . 
41 Pay rolL ............. _ ...... Services ................. .. 
42 ..... do .......................... do ................... . 
43 ..... do ____ ,_ .................... do ................... . 
44 ..... do .......................... do .................. .. 
45 Jas. E. Shelley .................. do ................... . 
<16 Sledge Tatum ................ , .. do .................. .. 
47 D. B. Porter ................ Care ofstock ............ .. 
48 Alex. Sellers. .. . .. . . .. . . .. . . Shoeing stock ........... .. 
49 D. C. Harrison ..... : ........ Serviee-s ................. .. 
50 G.'l'.Hawkins ................... do ................... . 
.51 Pay roll .......................... do ............ · ...... .. 
52 R.lH. Towsou ................... do ................... . 
53 Pay rolL ........................ do ................... . 

.. 54 ..... do .......................... do .................. .. 
55 ..... do .......................... do ................... . 
56 W. C. Oldham .. : ................ do .................. .. 
57 PayrolL ........................ do, .................. . 
58 H. L. Baldwin, jr ................ do ................... . 
59 Pay roll ........... .- ............. do .................. .. 
60 ..... do .......................... do ................... . 
61 ..... do ........................... do .................. .. 
62 J<'. E.Joy ........................ do ................ ----
63 J. A. McCormick ................ do ................... . 
64 Sparks Bros . .. .. . .. .. .. .. . . Stock aml feed ........... . 
65 James I. Crothers .......... Supplies ................. . 
66 S. S.Shapard .................... do ................... . 
67 Fred. S. Mcintyre .......... Officerent ............... .. 

Amount. 

$18.50 
98.36 

140.79 
112.31 
237.94 
47.40 

149.65 
79.80 
56.75 
8.70 

35.75 
20.01 

228.16 
140.35 
147.56 
14.50 

246.35 
160.14 
14.52 
18.39 
14.52 
14.52 
14.52 

174.51 
102.07 

5.00 
63.50 
49.00 

561.73 
. 233.05 

1,149.92 
. 332.09 

51.61 
45.16 
23.00 
13.00 

134.80 
134.80 
376.92 
117.90 

1,287.85 
570.91 
559.01 
12.88 

1, 191.10 
151.60 

. 507.73 
559.32 
<134.80 
20.97 
21.29 

1, 914.88 
76.55 
57.94 
15.00 

Total ............... _ . .. . . . . . . . . .. . . .. . .. .. .. . .. . 14, 640. 12 · 

17 GEOL, PT I--11 
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Abstmct of disbursements made by H. C. Rizer, special disbursing agent, United States 
Geological Su1·vey, etc.-Continued. 

SITRVEYI~G LAND:> IN THE INDIAN TERRITORY, 1895 AND 1896-Coutiuncd. 

Date of 
payment. 

Jan. 10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
13 
14 
15 
15 
16 
16 
16 
16 
16 
17 
18 
18 
18 
18 
18 
18 
18 
18 
20 
20 
21 
21 
21 
21 
23 
24 
24 
25 
25 
31 
31 
31 
31 
31 
31" 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

JANUARY, 1896. 

ror what paid. 
~si 
O.;:j 

~g 
To whom paid. 

p 
J--------------------1·------------------

1 R. I. Merrifield....... . . . . . . Services .................. . 
2 C. A. Martin ..................... do ................... . 
3 Robt. A. }'armer...... . . . . . . Traveling expenses ....... . 
4 H. L.Baldwin,jr ................ do ................... . 
5 D. C. Harrison ................... do ................... . 
6 Van H. Manning ................. do ................... . 
7 Frank Smith ............... Storage .................. . 
8 J. H. Foster ................ Supplies ................. . 
9 Chas. F. Urquhart ••••...... Field expenses ........... . 

10 C. H. Fitch ...................... do ................... : 

g ~?.i!~~~~~:::::::::: :: :::: :~i~ :::::::::::::::::::: 
13 M.P.McCoy ........•............ do ................... . 
14 W.A.Lindsay ...•............... do ................... . 
15 WilliamJ. Peters ................ do ................... . 
16 ..... do .......................... do ................... . 
17 C. W.Goodlove .................. do ................... . 
18 Chas. E. Cooke .................. do ................... . 
19 ..... do .........•................ (lo ................... . 
20 R. 0. Gordon .................... do ................... . 
21 Van H.Manning ................ do ................... . 
22 Jeremiah Ahern ................. do ................... . 
23 Pay roll...... . . . . . . . . . . . . . . Services .................. . 
24 Walter Clifton .................. do ................... . 
25 F. Weber's Sons............ Field materials ........... . 
26 A. S. Johnson .............. Services .................. . 
27 S. S. Shapard...... . . . . . . . . . Supplies ................. . 
28 W. H. Ainsworth ................ do ................... . 
29 Frank Ainsworth ................ do ................... . 
30 W. B. Corse ................ Field expenses ........... . 
31 C. D. Kelly ................. Supplies ................. . 
32 Kenffel Esser Co............ Material ................. . 
33 C. J. Baker. ..................... do ................... . 
34 Chas. E. Cooke .... .-........ Traveling expenses ....... . 
35 Henry Collins .............. Services .................. . 
36 W. B. Corse ................ Fieldexpenses ........... . 
37 J. M. Hall & Co ........•... Supplies ...... ------ ...•.. 
38 ..... do ..................... Material ................. . 
39 Tholen Bros ..................... do ................... . 
40 Pay roll. ................... Services .................. . 
41 ..... do . . . . . . . . . . . . . . . . . . . . . . .... do ................... . 
42 ..... do .......................... do ...... ------ ....... . 
43 ..... do .......................... do ................... . 
4! ..... do .......................... do ................... . 
45 J. Scott Harrison ...........•.... do ................ ----
46 Pay roll ......................... do ............... - -.-. 
47 Geo. T. Hawkins ..•.......... : ... do ........ ----.-.- ---. 
48 Robt. A. Farmer ................. do ......... --- ...... --
49 Chas. S. Guy .................... do .......... --------·-
50 Chas.1<~.Cooke .................. do ............ --------
51 H.L.Baldwin,jr ................ do.· ............... ----
52 Pay roll ......................... do ................ -- --
53 ..... do .......................... do ...... --------------
54 ..... do . . . . . . . . . . . . . . . . . . . . . . .... do .............. - - - . - -
55 W. & I,. E. Gurley .......... Material ............ --- ... 
56 J. W. Goodman ............. 811pplies .............. - ---
57 Ro bt. A. l<'armer...... . . . . . . Field expenses ........ --.-
58 R.O.Gordon .................... do·-------------------

..Amount. 

$30.00 
12.90 
60.05. 
49.80 
51.00 
18.50 
15.00 
18.35 

159.83 
129.99 
210.46 
200.01 
86.70 
8.00 

129.99 
177.64 
463.50 
170.07 
155.21 
91.95 

240.33 
132.99 
380.48 

7.74 
341.82 

7.74 
207.39 
188.57 
138.22 
165.77 
125.82 
11.70 

765.24 
50.40 
18.39 

153.47 
70.67 
56. 15 
18.00 

1,343.87 
617.90 
378.55 
408.55 
477.48 
25.80 

276.30 
136.30 
119.20 
14.52 

119.20 
153.30 

1,439.52 
317.71 
408.20 
107.16 
41.75 

165.00 
233.75 
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.dbstract of disbursements made by H. C. Rizer, special disbm·sing agent, United Staffs 
Geological Survey, etc.-Continued. 

SURVF.YING L.A.NDS IN THE INDI.A.N TERRITORY, 1895 AND 1896-Continue<l . 

.JANUARY, 1896-Continue<l. 

Date of 
payment. 

'0~ I 
~~ 

To whom paid. For what paid. Amount. 

I> -----------------1-----------1----

Jan. 31 
31 
31 
31 

Feb. 4 
4 
6 
6 
8 

10 
10 
11 
11 
11 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
15 
17 
17 
17 
18 
18 
20 
24 
25 
25 
25 
29 
29 
29 
29 
29 
29 
29 

~i I 29 
29 

~~ -~-~~~~1~---- --~ ~~ . ___ :::::::::::: -~~~~j~e~::::::::::::::: :::: 
61 .. __ .do._. ___ ..................... do ................... _ 
62 Hibbard Bros .. .. .. .. .. .. .. l<'ield supplies ........... .. 

$763.69 
419.02 
53.22 
77.22 

Total..; ... ----. __ ---- ------ ------ .. ---------- ---- 13,417.04 

TII:BRUARY, 1896. 

1 Roht. A. Farmer ...... ·----- Traveling expenses--------
2 J as. L .. Johnson .. .. .. .. .. .. Field expenses .......... .. 
3 W. C. Oldham .............. Services ................. .. 
4 Van H. Manning .. .. . .. .. .. Field expenses ..... : .... .. 
5 Chas. F. Urquhart ............... do ....... : .......... .. 
6 C. H. Fitch ..................... do .................. .. 
7 D. C. Harrison .................. do -~ .. -~ ............. . 
8 Jeremiah Ahern ... · .............. do .................. .. 
9 R. 0. Gordon .................... do .................. .. 

10 M.P. McCoy ....... ---.- -c-.· ..... do .................. .. 
11 W.A.Lindsay .................. do .................. .. 
12 W. B. Corse ..................... do .................. .. 
13 I'ay roll ................ ·c-- Services ................. .. 
14 Fred S. Mcintyre ......... :. Office rent ............... .. 
15 Jno. B. Riley ............... Storage ................. .. 
16 J. H. Foster ................ Supplies ................ .. 
17 Jno. B. Riley .................... do .................. .. 
18 Frank Smith.-------------- ..... do ...... ~ ........... .. 
19 S. S. Shapard ................... do .................. .. 
20 ..... do ..................... Material ................. . 
21 Foley & Tully...... .. .. .. .. Material and supplies .... .. 
22 .James I. Crothers .. .. .. .. .. Material ................ .. 
23 C. J. Baker ..................... do ................... . 
24 Pay rolL................... Services .................. . 
25 M. P. McCoy . .. .. .. .. .. .. .. Field expenses .......... .. 
26 Van H. Manning ................ do .................. .. 
27 Ole Quam .................. Services ................. .. 
28 J. V. Johnson ................... do .................. .. 
29 W. & L. E. Gurley . .. .. .. .. Instruments ............. .. 
30 Hibbard Bros .............. Supplies ................ .. 
31 Robt. A. Farmer............ Field expenses .......... .. 
32 J. Burdett ................. Material ................ .. 
33· Chas. F. Urquhart .......... Fielll expenses.: ........ .. 
34 Hibbard Bros .. .. .. .. .. .. .. Supplies ................ .. 
35 Walter Clifton ............. Services .................. . 
36 Payroll. ... _ ..................... do .................. .. 
37 ..... do .......................... do .................. .. 
38 ..... do .......................... do .................. .. 
39 ..... do ........ · ................... do .................. .. 
40 Geo. T. Hawkins ................ do .................. .. 
41 Chas. E. Cooke .................. do .................. .. 
42 H. L. Baldwin, jr ............... do .................. .. 
43 Pay rolL ........................ do --·c·· ............ .. 
44 ..... do ........... _ .. . .. . .. . .. ... do .................. .. 
45 ..... do .......................... do .................. .. 
46 ..... do .......................... do ................... . 
47 R. 0. Gordon ....... , ....... Field expense!:! .......... .. 

$52.00 
7.30 

12.88 
297.30 
149.12 
84.80 

629.37 
120.82 
142.25 
256.89 
219.81 
212.10 
420.16 
15.00 
15.00 
26.30 

137.51 
48.14 
24.65 
11.61 

265.64 
34.54 
29.92 

1,129.67 
196.20 
195.89 
12.90 
9.30 

51.42 
75.97 

1HI.44 
29.11 

155.45 
111.90 
14.48 

473.40 
1, 251.22 

842.98 
381.60 
127.40 
111.60 
143.40 
405.34 
753.08 
668.75 

1,382.21 
187.55 
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Llbstraot of disbursements macle by H. 0. Rizer, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continued. 

....... 
Date of ~~ 

payment. :.« g 
> 

FEURUARY, 1896-Continued . 

To whom paid. For what paid. Amount. 

Feb. 29 
29 

48 Robt. A. Farmer __ .......... Fielcl expenses .. _. ____ ... . $HB.43 
l,565.57 

Mar. 6 
7 
7 
7 
7 
7 
7 
7 
7 
9 

• 9 
10 
11 
11 
10 
13 
13 
16 
16 
16 
16 
16 
17 
18 
21 
23 
23 
24 
24 
28 
28 
3J 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

49 Pay rolL .............. ·. _. _. Services .. _ ......... _ ... __ _ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4-! 
45 
46 
47 
48 
49 

Total ...................................... _ .... _ 13, 757. 37 

MARCH, 18!)6. 

Pay roll ... __ ....... __ .. .. .. Sen· ices ......... __ ...... .. 
..... do .................. ___ ..... do ................ __ __ 
Comar & Evans............ Supplies .. __ .. __ ........ .. 
S. S. Sha.pard .................... do ................ __ .. 
J. H. Foster ..................... do .................. .. 
John B. Riley ................... do ...... ------ ....... . 
Fred S. Mcintyre........... Office rent ................ . 
John B. Riley.............. Storage .................. . 
Curran & Lamb .... __ .. .. .. Material ................ .. 
Pay roll...... . .. .. . . .. . .. .. Services ............... __ __ 
W. A. Lindsay...... .. . . .. .. Field expenses ........... .. 
C. H. Fitch ...... _ ...... ---- ..... do .................. .. 
M.P. McCoy .................... do .... ____ .......... .. 
Robt.A.Farmer ................. do .................. .. 
Van H. Manning ........ ____ ..... do ................... . 
A. M. Johnson.............. Services. __ ... ____ ...... __ . 
Nathan Bolens ................... do .............. _ ... .. 
Chas. F. Urquhart ........ __ Field expenses ...... _ ..... . 
W. B. Corse ... __ ................ do ................... . 
Lafayette & Bro .. __ .. . . . . . Supplies and material._ ... _ 
C. N. Judd ................. Material ................. . 
Frank Lewis ... ___ ......... SerYices ............ __ .... . 
C. W. Holmes .................... do .................. .. 
D. C. Harrison .... __ ........ Field expenReR ...... _ ..... . 
Jeremiah Ahern ................. do ...... ·----- ____ .. .. 
Van H. Manning ................. do .................. __ 
William J. Peters ................ do ................... . 
R. 1<'. Scott Grocery Co.... .. Supplies .................. . 
D. C. Harrison...... .. .. .. .. l<'ield expenses ........... __ 
Robt. A. l<'armer ................. do ......... __ ... ____ .. 
J. M. Pi burn ... ___ .......... Services ............ _ .... .. 
Pay roll ......................... do .................. .. 

____ .do .......................... do ............ ---- ... . 
..... do .......................... do ................... . 
..... do .......................... do ...... ---- ......... . 
Geo. T. Hawkins ................ do ......... _____ .... .. 
H. L. Baldwin,jr ................ do ................ __ __ 
William .J. Peters ....... __ ....... do ... _____ .......... .. 
Chas. E. Cooke .................. do ...... ____ ......... . 
Pay roll ............ __ .. __ . . .. ... do _ ................. __ 
..... do .... --- ................... do .................. .. 
..... do .......................... do .............. ____ __ 
..... do .......................... do·~-- ___ ....... _ .. ___ _ 
Ro bt. A. Farmer. . .. .. .. . . . . Field expenses ... __ ...... .. 
J. B. Riley............ .. .. .. Storage .................. . 
Fred S. Mcintyre...... . .. .. Office rent ................ .. 
Pay roll.. . . .. . .. .. . . . .. .. . . Services .................. . 
Fred Watts,jr ................... do ................ ___ . 
..... do .... · .... · .................. do .................. .. 

$427.40 
387.75 
56.89 

105.91 
28.20 
29.05 
15.00 
15.00 
34.00 

423.96 
170.:!6 
140.22 
83.74 

178.02 
212.58 

6.20 
14.51 

498.97 
390.00 
345.05 
14.25 
51.72 
8.70 

506.15 
123.55 
168.79 
265.95 
38.83 
67.35 

172.83 
11.61 

732.90 
389.20 

1, 278.69 
429.02 
136.30 
153.30 
153.30 
119.20 
155.14 

1, 408.70 
425.00 

1,417.10 
78.27 
15.00 
15.00 

419.94 
29.00 
12.58 

Total .................. ~ ..... ____ .. .... .... ...... 12,360.08 



REPORT OF THE DIRECTOR. 165 

Abstract of disbursements made by H. C. Rizer, special disbursing agent, United States 
Geological Survey, etc.-Contitmed. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continued. 

Date of 
J>ayment. 

Apr. 6 
6 
6 
7 
8 
8 
8 
9 
9 

10 
10 
10 
11 
14 
14 
14 
14 
11 
15 
15 
15 
16 
16 
16 
16 
20 
21 
21 
21 
20 
20 
20 
21 
24 
24 
25 

~~.I 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

May '1 
4 

APRIL, 1896. 

To whom p-aid. For what paid. 

-- ---·---------r------------
1 S. S. Shaparu ........... :. . . Supplies ................. ·I 
2 Pay roll ........ ____ . . . . .. .. Services ............... __ .. 
3 C. H. Fitch . .. .. .. .. .. .. .. . . Field expenses .. __ .... __ __ 
41 Pay roll .................... Services ................... ! 
5 C. H. Fi~ch ....... __ .. .... . .. Traveling expenses .. __ .. .. 
6 W. A. Lmusay . __ ..... __ .. .. Fielcl expenses .. __ ...... . 
7 1 W. T. Tnrner ---- ........... Services .................. . 
8 D. C. Harrison .. .. .. .. .. .. .. Field expenses .......... .. 
9 J. H. Brazell...... .. .. .. .. .. Hire of team ............ .. 

10 Pay roll...... .. .. .. .. .. .. .. Services ............. __ .. .. 
H M.P. McCoy...... .. .. .. .. .. Field expenses .......... .. 
12 ..... do ........................... do ............... -----
13 William J. Peters....... . . . . Traveling expenses ....... . 
14 W. B. Corse. . .. .. . .. .. .. .. .. Field expenses .. __ ..... __ . 

· 15 W m. B. Douglass __ .... .. .. .. Services .... __ .......... __ . 
16 J. Scott Harrison .. .. .. . .. .. Field expenses .... __ .... .. 
17 J. H. Foster ............. ____ Supplies ...... ------------
18 F. W. Alvord............... Field expenses .... __ .. __ .. 
19 William J. Peters ................ do ______ ...... ____ .. .. 
20 ..... do .......... ------------ ..... do ...... --------------
21 Chas. F.lTrqubart ............... do--------------------
22 Van H. Manning .......... _______ do __ .. __ ... ·. __ ........ 
23 R. 0. Gordon ............... ____ .do------------ .. ------
24 Jeremiah Ahearn ................ do __ .. ____ .. __ .... __ .. 
25 Brady Bros. & Co ...... __ ... Supplies ____ ............ .. 
26 F. ,V, Alvord.------ ........ Field expenses __________ __ 
27 F. G. McConnell ............ Services ____ ------ .... __ __ 
28 C. H. Fitch ........... __ .... Traveling expenses ...... .. 
29 C. E. Cooke------ ............... do ______ ........ ------
30 A. M . .I ohnson ........ __ .... Services ........... ____ .. .. 
31 .Jos. A. Carr .......... __ .... ----.do ....... __ ......... .. 
32 C. H. Underwood ................ do __ ................ __ 
33 La Fayette &. Bro .. .. .. .. .. Supplies .... __ .......... .. 
34 R. F. 8cott Grocery Co .......... do __ .......... __ .... .. 
35 J. H. Keith.... .. .. . .. .. . .. . Services ............... __ .. 
36 Van H. Manning............ }'ie1d expenses .......... .. 
37 Robt. A. Farmer ...... ------~---- .do .................. .. 
38 ..... do ........................... do.: ................ .. 

~g -~-~~J~~~:: :~ ~~ :~: ::~:: :: ~ ~: ~ . ~~~~A~e~::: ~ ~:::: ~ ~ ::::: ~ :: 
41 ..... do ........................... do .................. .. 
42 Geo. '!.'. Hawkins ................ do .................. .. 
43 H. L. Bal<lwin,jr ................ do ................... . 
44 Pay roll .................... · ..... do .................. .. 
45 ..... do ........................... do .................. .. 
46 ..... do ........................... do .................. .. 
47 William J. Peters ................ do ................... . 
48 I<'. 'W, AlYord .................... do .................. .. 
49 Tho leu Bros .. .. .. .. .. .. .. .. Material ................ .. 
50 Pay roll...... .. .. .. .. .. .. .. Services ................. .. 
51 ..... do ........................... do .................. .. 

Amount. 

$118.61 
424.99 
97.63 

1, 510.14 
48.15 

205.40 
35.48 

526.38 
38.00 

419. 18 
266.38 

7.80 
15.00 

734.41 
23.33 
80.25 
34.30 
94.86 

236.47 
33.75 

729.18 
183.06 
187.20 
155.64, 
118.51 
102.62 

6.77 
19.35 
14.15 
14.00 
12.00 
8. 00 

192.31 
18.60 
8.00 

170.60 
14. 10 

152.84 
966.40 
355.40 

1,356.90 
131.90 
148.30 
460.00 

1,399.90 
1, 345.10 

148.30 
98.67 
25.00 

431.90 
1, 428.90 

Total ......... ,....... . . . . . . . . . . . . . . . . . . . . . .. . . . . . 15,354.17 

MAY, 1896. 

1 I Pay roll ................ ----1 Services ............... ----1 $295.00 
2 E. N. Ratliff & Co ........... Supplies .. .... ...... .... .. 91.30 
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Abstract of disbursements ·made by H. C. Rizer, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continued. 

Date of 
payment. 

May 4 

June 

4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
8 
9 

12 
12 
12 
12 
13 
13 
14 
14 
15 
16 
22 
23 
23 
25 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

2 
2 
3 
4 
4 
4 
4 
4 
5 
5 
5 
6 
8 
8 

MAY, 1896-Continued. 

To whom paid. · For what paid. 

3 W. M. Keith................ Supplies ................ .. 
4 R. F. Scott Grocery Co ........... do .................. .. 
5 R. 0. Gordon . .. . .. . .. .. .. . • Field expenses .......... .. 
6 Robt.A Farmer ................. do .................. .. 
7 Van H. Manning ................. do .................. .. 
8 C. H. Fitch ...................... do ............. · ..... .. 
9 J.H.Foster ................ Supplies ................ .. 

10 J.B.Riley ....................... do .................. .. 
11 ..... do . .. .. . .. .. . .. . .. . .. . . Storage .................. . 
12 S. S. Shapard .. . .. .. .. .. .. .. Supplies ................ .. 
13 Brady Bros. & Co ............... do .................. .. 
14 Pay roll...... .. .. .. .. .. .. .. Services ................. .. 
15 W.B.Corse ................ Fieldexpenses .......... .. 
16 J.N.Jackson ............... Services ................. .. 
17 Payroll ... ~ ..................... do .................. .. 
18 W. A. Lindsay .. .. .. .. .. .. .. Field expenses .......... .. 
19 1<'. W. Alvord .................... do .................. .. 
20 J.Scott Harrison ................ do .................. .. 
21 D.C.Harrison ................... do .................. .. 
22 Chas. F. Urquhart ............... do .............. : ... .. 
23 J cremiah Ah .. rn ................. do ....... : .. ........ .. 
24 Holmes Conrad,jr .......... Services ................. .. 
25 Robt. A. Farmer .. .. .. .. .. • . Field expenses ..... · ..... .. 
26 VanH.Manning ........... : ..... do .................. .. 
27 M.P. Lyon . .. .... . .. .. . .... Services .................. . 
28 R. F. Scott Grocery Co...... Supplies ................ .. 
29 Fred S. Mcintyre . . .. . .. . .. . Office rent ............... .. 
30 Pay roll. ................... Services ................. .. 
31 WilliamJ. Peters ................ do ................... . 
32 Geo. T. Hawkins ................ do ............. : .... .. 
33 Payroll ......................... do ................... . 
34 H.L.Baldwin,jr ................ do ................... . 
35 Payroll ......................... do ................... . 
36 Paul McKennon ................. do ................... . 
37 J.R.Bradley ............... Material ................. . 
38 R. 0. Gordon .. .. .. . .. . .. .. . l<'ield expenses ........... . 
39 ..... do .......................... do .................. .. 

Amount. 

$275.90 
95.03 

224.75 
112.71 
1:n. 63 

61.20 
22.75 
45.85 
15.00 

122.30 
268.41 
399.00 
258.35 

1. 94 
425.00 
190.56 
15.37 

118.32 
364.44 
731.85 
157.05 

7. 74 
132.31 
192.35 

12.58 
35.69 
15.00 

395.55 
153.40 
136.20 

1,029.20 
153.40 

1, 365.49 
19.35 
73.00 

217.85 
142.20 

TotaL ...................•.............. __ .. .•••.. 8, 511.02 

JUNE, 1896. 

1 Pay roll...... . . . . . . . . . . . . . . Services .................. . 
2 .••.. do .......................... do ........... ; ...... .. 
3 ..... do .......................... do .................. .. 
4 .•••. do ........................... do ................... . 
5 G.H.Hinton .................... do-------------···----
6 J.R. Bradley ............... Rent of office ............. . 
7 ••••. do ..................... Rentofstorageroom ..... . 

g ·s: sj~~P~-rd::: ::: :::: ::::: -~~-~~~e~-::: :·.: :::::::::::: 
10 J. H. Foster ..................... do ................... . 
11 Pay roll .................... Services ................. .. 
12 ..... do .......................... do .................. .. 
13 ..... do .......................... do .................. .. 
14 ..... do .......................... do .................. .. 

$1,439 43 
477.26 

1,404.75 
422.65 
19.35 
25.00 
15.00 
42.82 
61.00 
23.65 

280.00 
1,400.88 

366.92 
455.00 
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Abstract of disbursements 'lnadc by H. C. Rizer, special disbursing agent, United States 
Geological Su'l·vey, etc.-Continued. 

SURVEYING LANDS IN THE INDIAN TERRITORY, 1895 AND 1896-Continued. 

Date of 
payment. 

June 9 
9 
9 
9 
9 
9 

10 
10 
11 
11 
12 
13 
13 
13 
13 
15 
20 
22 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
.30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

,TUNE, 1896-Continned .. 

To whom paid. For :what paid. 

15 Brady Bros. & Co ..... _ . . . . Supplies ........ __ ....... . 
16 W. G. Gibbons & Co---· ......... do ............ ·--- ... . 
17 II. & A. Hass .................... do ...... : . ........... . 
18 C. H. Fitch . . . . . . . . . . . . . . . . . Field expenses .. _ ......... . 
19 \V.B.Corse ....•.....•........... do----········-·····--
20 J.ScottHarrison ................ do ........... : ....... . 
21 Robt. A. Farmer ...•............. do ................... . 
22 D. C. Harrison ................... do ................... . 
23 Van H. Manning ................. do ................... . 
24 F. W.Alvord .................... do ................... . 
25 W.A. Lind~ay ................... do ................... . 
26 J. R. Bradley ............... Supplies ................. . 
27 R. 0. Gordon . . . • • . . . . . . . . . . Field expenses ........... . 
28 Jeremiah Ahern ................. do ................... . 
29 Robt. A. Farmer ................. do ................... . 
30 Charles F. Urquhart ............. do ...•................ 
31 F.W.Alvord .................... do ................... . 
32 H. L. Bald win, jr . . . . . . . . . . . Services .......... _ ....... . 
33 Pay roll ......................... do ................... . 
34 C. H .. Fitch ................. Fieldexpenses ............ . 
35 J. R. Brauley ............... Office rent: ............... . 
36 ..... do . . . . . . . . . . . . . . . . . . . . . Storage .................. . 
37 ..... do ...............•..... Supplies ................. . 
38 Pay roll .................... Services .................. . 
39 S. S. Shapard. ---------· .... Supplies ................. . 
40 J. H. Foster ..................... do ...... · ............. . 
41 F. \V. Alvord ............... :Field expenses ........... . 
42 Pay roll. . . . . . . . . . . . . . . . . . . . Services ..... _ ............ . 
43 •.•.. do .......................... do ................... . 
44 W. B. Corse ................ Field expenses ........... . 
45 J. A. McCormick . .. .. .. . . .. Services .................. . 
46 Pay roll ......................... do .................. .. 
47 ..... do .......................... do .................... . 
48 J. Scott Harrison ........... Field expenses ........... . 
49 Van H. Manning ................. do .................. .. 
50 M.P. McCoy ............... Services ................. .. 
51 Pay roll ......................... do .................. .. 
52 L. H. Baldwin, jr ........... Traveling expenses ....... . 
53 Redick H. McKee. .. .. .. . . . . .. ... do ... _ ............... . 
54 Pay roll...... .. . . . . .. .. .. . . Services ................. .. 
55 Redick H. McKee ................ do ................... . 
56 J. H. Wilson .................... do ................... . 
57 Sam Threlkeld . .. . . .. . . . . .. . .... do .................. .. 
58 H. F. Schreiner. .. .. .. . . . . . . Material ................ .. 
59 D. C. Harrison .............. Field expenses .......... .. 
60 Jeremiah Ahern ................. do ................. __ _ 
61 Pay roll............ .. . . . . . . Services .................. . 
62 ..... do .......................... do .................. .. 
63 ..... do ......................... do .................. .. 
64 Chas.F. Urquhart ............... do ................... . 
65 Pay roll. ........................ do .................. .. 
66 W. A. Lindsay...... . . . . .. . . Field expenses .... _ ..... .. 
67 R. 0. Gordon. . . . . . . . . . . . . . . . .... do ................... . 
68 J. L. Farmer ............... Labor ................... .. 
69 J.R.Bradley ....•........•. Material ................. . 

Amount. 

$135.94 
143.97 
84.33 

134.83 
375.35 
108.53 
117.89 
755.59 
170.44 
127.48 
316.98 
71.00 
44.43 

167.26 
66.35 

475. (}lJ 
201.22 
49.45 

270.29 
18.63 
8.33 
5.00 

11.30 
59.45 
21.54 
8.30 

17.25 
51.66 
53.96 
33.05 
4.00 

53.96 
43.33 
9.38 

30.90 
41.67 

675.87 
16.00 
14.50 

219.91 
131.90 

8.00 
8.00 
8.10 

107.60 
7.39 

117.28 
33.00 

. 53.96 
43.96 
51.66 
22.76 
13.20 
7.45 

14.72 

Total ..................... _ .... :. . . . . . . . . . . . . . . . . 12, 277.12 
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Abstract of disbursements made by C. D. Da11is, special disbursing agent, United States. 
Geological Survey, from June 1, 1895, to .Tune SO, 1896. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896. 

JUNE, 1895 . 

... ..: 
Date of 0 cp 

payment. o'§ 
Zo 

I> 

To whom }Jai(l. For what pai<l. 

June 1 
14 
14 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
24, 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
29 
2-t 
24 
29 
29 
29 
29 
29 
24 
24 
29 
29 

19-29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

1 A.M. Walker ....•.......••. Traveling- expenses ....... . 
2 ..... do·-------------------· Field l'Xpenses ........... . 
3 W. J. Lloyd ..................... do ................... . 
4 R. U. Goofle ................ Traveling expenses ....... . 
5 Wm. H. Griffin ______ ........... f1o ............ ... : ... . 
6 Basil Duke ...................... do .................. . 
7 Yode & Lewis .............. Supplies ................. . 
8 Harrington & Knight .......... _.do ................... . 
9 S. S. Hooper................ Services, May 27, 31, 1~!!5 .. . 

10 R. B. Ma.rsha.ll...... . . . . . . . . Field expense;, ........... . 
11 Frank T"'eedy .................. do .....•••••......... 
12 W. M. Adams ............... Boarding, etc ............ . 
13 J. W. Morehead .................. do ................... . 
14 J. H. Wheat ................ Field expenses ........... . 
15 J. H. Jennings .................. do ................... . 
16 Magels & Co ............... Material ••••.............. 
17 W.A. Big-elow .............. Hay ..................... . 
18 L. S. Hatcher ............... Shoeing- .................. . 
19 E.M. Douglas .•............ Tran•Jing expenses ....... . 
20 A. H. Thompson ................. do ................... . 
21 J. H . .Jennings ................... do .................... ' 
22 James H. McCormick ............ do ................... ' 
23 Frank Sutton .............. :Field expenses ..... _ ..... . 
24 Redick H. McKee ................ do ................... . 
25 J. \V. 'fhom ................ Traveling expenses ....... . 
26 W. H. Otis ................. Fieldexpenst·s ............ ' 
27 ...•. do ..................... Bnnrding expenses ........ ' 
28 W. T. \Valker .............. Care of stock .............. 1 

29 ..... do .......................... flo .................... ' 
30 L. W. Estes ...................... do ................... . 
31 Chas. E. Cooke . . . . . . . . . . • . . Fieltl f•Xpenses ·- ........... · 
32 IrvingW. Bonbright ... c ••• Stor-age .................. . 
33 E. T. Perkins,jr ............ Fielfl expenses ........... . 
34 R. H. Chapman .................. do ................... . 
35 R. B. Marshall ..•••.............. do ................... . 
36 W. S. Post ....................... flo ................... . 
37 Pay roll of employees....... Serviees, J nne, Ul95 ........ ! 
38 ..... do .......................... do .................... l 
39 ..... do .......................... do ...........•........ ' 
40 F. H. Gorhon . . . • .. . .. • • • . .. Subsistenee .............. _I• 
41 Western Carriage Top Co ... Buckboard tops .......... _I 
42 H. S. Wallace ............... Field expenses ............ 1 

43 J.H.Renshawe ............. Travelingexp<'nSAS ....... . 
44 ..... do ..................... Services,Jnne,1895 ...... .. 
45 Pay roll ofemployees ............ do .................. .. 
46 ..... do .......................... rlo ................... . 
47 ..... do .......................... do ................... . 
48 ..•.. do ..................... Serviees, May, 18~15 ....... . 
49 ...•. do . . . . . . . . . . . .. . . .. . . .. Services, J nne, 1895 ....... . 
50 ..... do .......................... do ................... . 
51 L. C. Fletcher .............. Fielfl expenHes ........... . 
52 ..... do .......................... do ................... . 
53 Pay roll of employees....... Services, June, 1895 ....... . 
54 ...•. do .......................... do .................. . 
55 ..... do .......................... flo ................... . 
56 Gilbert Thompson ...•..•••...... flo ................... . 
57 W.M. Beama.n ................... rlo ...... --·· ---- -·····1 
58 Spratlen & Anderson ....••. Subsistence .............. . 

Amouut. 

$9.82 
63.57 
12.50 
65.60 
38.98 
17.75 

10:>.80 
31.-15 
9.67 

45.70 
82.75 
31.00 
24.50 
26.50 

12:3.00 
72.50 
16.00 
29.00 
60.:.!5 
19.:35 
8.11 

18.55 
57.00 
45.85 

3.65 
50. X5 

2.ill) 
50.00 
10.00 
57.69 
30.10 
15.00 
68.40 
81.32 
6.!.06 

156.02 
2fl8.90 
274.96 
363.ii0 
45.38 
28.50 
27.!15 
39 40 

181.30 
339.30 
365.30 
322.30 
81.62 

316.00 
319.60 
54.41 

143.02 
214.30 
231.90 
306.10 
164.80 
82.40 
34.90 
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.Abstract of disbursements made by C. D. Davis, spec.fal di.~bursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continnetl. 

JUNE, 18g5-Continned. 

Dato of 'l>j I t · o To whom paid. For what paicl. Amonnt. 

payme~ ~ ~ :------------ ---------------:-----

Juno 29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

59 Spartlen.& Anderson........ Material ............ -~ ... . 
60 ----.do .. ________ ........ ---- ..... do ........ ---- ...... .. 
61 ..... do . ---------- .... ----- ...... do ...... ---.--- ..... .. 
62 ..... do ......... ---- --- ..... Lumber ............... ---. 
63 ...... do ..................... Hayandoats ............ .. 
64 ____ .do. ____ ................ Subsititence .......... ·.---. 
65 Pay roll of employees. . . . . . . Services, J nne, 1895 ....... . 
66 ____ .do . __ ...... --- ......... ----.do .. ---- ...... -- ..... . 
67 ..... do ........................... do ........ -- ......... . 
68 ..... do .......................... do ................... . 
69 ..... do .......................... do ................... . 
70 J. L .• Johnson .................... do ................... . 
71 J. H. Wheat ..................... do ................... . 
72 Frank Tweedy .................. do ................... . 
73 .J. Macfarland ................... do .....•.............. 
74 S. E. Cook ....................... do .... : .............. . 
7i\ Payrollofemployees ............ do ................... . 
76 ..... do .......................... do ................... . 
77 Nat Tyler, jr ............... Field expenses ........... . 

$16.75 
18.95 
20.02. 

4. 5 
38.52 
25.44 

115.40 
253.73 
3~1. 10 
174.20 
281.90 
69.~0 
74.20 

148.30 
69.20 
34 50 

221.90 
247.30 
22.50 

Total ........................ _. .. ......... ... ... . 7, 994.69 

JULY, 1895. 

July 3 1 I J. H. Wheat ................ Fielcl expenses .......... .. 
2 2 W. H. Lovell .................... do .................. .. 
2 3 Frank Tweedy __ ......... _____ . ..... . do .............................. . 
2 4 ..... do .......... ., ......... Traveling expenses ...... .. 
3 5 H.M.Wilson .................... do .................. .. 
3 6 Jas. L.Johnson .................. do .................. .. 
2 7 Nat G. Van Doren .......... Field expenses .......... .. 
2 8 Pay roll of employees ...... Services, June, 1895 ....... . 
2 9 ..... do ............. : ............. do .................. .. 
1 10 ..... do .......................... do .................. .. 
2 11 ..... do .......................... do .................. .. 
2 12 ..... do .......................... do ................... . 
2 13 ..... do .......................... do .................. .. 
2 14 ..... do .......................... do ................... . 
3 15 W. T. Walker .................... do ................... . 
3 19 ..... do ..................... ServJces (job) ........... .. 
3 17 Don Hardy ................. Storage, etc .............. . 
3 18 Greer Machinery Co.... .. .. Buggy .................. .. 
5 19 'f. M. Alvord...... .. .. .. .. .. Pasturage ............... .. 
5 20 J.A.Lawrence ............. Material ................ .. 
5 21 R. C. McKinney .............. Field expenses ........... . 
5 22 M.Hackett ...................... do ................... . 
8 23 H. S. Wallace .................... do .................. .. 
8 24 Jno. H. Renshawe .......... Traveling expenses ...... .. 
8 25 R. 'f. Neece ................. 1 horse .................. .. 
8 26 R. H. Chapman . . .. .. . .. .. .. F•eld expenses .......... .. 
8 27 Wm.H.Herron .................. do .................. .. 
8 28 ..... do .......................... do .................. .. 
8 29 Fred Stiffler...... .. .. .. .. .. Pasturage ............... .. 
8 30 Fre•l G. Plummer ........... Maps .................... .. 

~
8

1 
31 Daniellgo .................. 

1 
Repairs ................. .. 

32 TheA.LeitzCo ............. [ ..... do .................. .. 
33 'fhos. Lovell...... .. . . . . .. .. Hire of team ............. : 

$42.50 
51.75 

149.72 
25.00 
60.89 
19.25 
9.75 

233.90 
69.20 

:51. 10 
191.90 
53.66 

182.40 
262.40 
31.50 
40.00 
72.00 
49.40 

4.63 
52.00 

135.35 
141.64 
37.10 
23.60 
65.00 
ll. 64 
63.05 
48.05 
16.50 
26.00 
27.00 
12.75 
36.50 
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Abst1·aot of disb1trsements made by C. D. Da1·is, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

._.,.; 
Date of ~~ 

payment. iZi g 

July 8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
15 
12 
13 
12 
13 
13 
13 
13 
13 
15 
15 
15 

> 

34 
35 
36 
37 
38 
3!J 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

JULY, 1895-Continued . 

To whom paid. For what paid. 

M.P. Henderson & Son ...•. Pasturage ................ . 
J. Bixley & Co .................. do .... ____ .......... .. 
J. C. Love ....................... do ................... . 
John Arthur ............... Shoeing ................. .. 
W. E. Doyle & Co .......... Meat ____ ---------·-· .... .. 
California ·warehouse Co. .. Storage ................. .. 
W.H.Hyde ................ Material ................. . 
W. S. Rowland ............. Subsistence .............. . 
John A. Sims ............... Horse_ .................. .. 
J. vV. Thorn ................ Tr\weling expenses ....... . 
M.Haekett ...................... do .................. .. 

..... do .......................... do .................. .. 
J. H. Jennings ................... do .................. .. 
R. D. Cummin ................... do ...... ____ ......... . 
W.M. Beaman ................... do ................... . 
Gilbert Thompson ............... do .................. .. 
... .'.do ..... · ..................... do .......... ------ .. .. 
Paul Holman ..................... do ................ ___ _ 
Hersey Munroe .................. do ................... . 
GlennS. Smith .................. do .. ____ ............ .. 
Frank Sutton ................... do ...... ____ ......... . 
E. B. Clark ................. ____ .do .... : ............. .. 
Robt. D Cummin ................ do .................. .. 
W.M.Beaman ................... do .................. .. 
... .'.dd . ......................... do .................. .. 
A.M. Walker ........... ---· ..... do ...... ____ ...... ___ _ 
W.L. Miller ..................... do ................... . 
Jas. McCormick ................. do .................. .. 
H. J. McLaren .............. Hire of team ............ .. 
Chas. H. Peace ...... _....... Services, J nne, 1895 ....... ·1 
W. S. Winters . .. . . .. . .. .. .. Subsistence ............. .. 
Pay roll of employees . . . . . . Services, J nne, 1895 _ ...•... 
K T. Perkms,jr ............ Field expenses ........... .. 
f'rank Tweedy .................. do ...... ____ ........ .. 
R. C. Hamilton .. .. .. . . .. .. . Pasturage ......... __ ..... . 
A. G. Erricson ................... do .................. .. 
Frank Sutton ... _ ...... __ .. Traveling ex penes ....... .. 
W. H. Otis .................. Field expenses ............ . 
L. C. Fletcher ................... do ..... _ ............ .. 
E. C. Barnard .................... do ......... _______ .. .. 
A. H. Wash burn .. .. .. . .. .. . Pasturage ........... _ .... . 
H. B. Blair ..... _.. . . .. . .. . . Field expenses .......... .. 
'f. M. Bannon .................... do .................. .. 
R. H. Chapman ............. Traveling expenses .......• 
E.M.Donglas ................... do .................. .. 
G.E.Hyde ................. Field expenses .......... .. 
A. E. Murlin ..................... do .................. .. 
A. B. Searle ...................... do .................. .. 
J. H. Jennings ................... do ......... : . ....... .. 
R. B. Marshall ................... do .................. .. 
G. E. Hyde .. .. .. .. .. .. .. .. . Traveling expenses ...... .. 
L. E. Fletcher ................ · ... do ................... . 
James C. Mal or .................. do .................. .. 
W. H. Lovell ........... _ ........ do ................... . 
John H. Renshawe .......... Boarding expenses ...... .. 
J. W. Thorn ................. Field expenses .......... .. 
W.T.Griswold .................. do .................. .. 
George 0. Glavis, jr .............. do .................. .. 
W. Lindgren .. .. .. • ... • • • • . Traveling expenses ...... .. 

Amount. 

$7.50 
14.00 
32.40 
14.50 
12.20 
5.00 

56.00 
86.25 
50.00 
13.40 
3.18 

21.96 
4.34 

10.29 
85.65 
6.25 
6.77 

28.65 
68 52 
31.67 

145.90 
85.75 

321.53 
1.50 

105.i3 
78.38 
26.65 
57.75 
57.00 
28.00 
76.02 

201.10 
40.10 
61.45 
25.00 
3.00 

12.07 
41.50 

101. 90 
97.26 
10.27 

132.50 
91.45 
4.70 

68.80 
149.95 
66 47 
4.50 

102.21 
118.50 
18.80 
62.80 
38.88 
15.80· 
26.25 

157.88 
77.76 
3.50 

42.45 
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Abstract of disbursements made by C. D. Da!!is, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896--Continued . 

Date of 
payment. 

July 16 93 
16 94 
15 95 
11 96 
16 97 
16 98 
16 99 
16 100 
16 101 
16 102 
16 103 
16 104 
16 105 
11 106 
27 107 
27 108. 
27 109 
27 110 
27 111 

28 112 
28 113 
28 114 
28 115 
29 116 
29 117 
29 118 
29 119 
29 120 
29 121 
29 122 
22 123 
22 124 
22 125 
22 126 
22 127 
22 128 
22 129 
23 130 
23 131 
23 132 
23 133 
23 134 
23 135 
23 136 
25 137 
25 138 
25 139 
25 140 
25 141 
25 142 
26 143 
30 144 
30 145 
30 146 
30 147 
30 I 148 30 149 
30 150 

.JULY, 1895-Continued. 

'l'o whom paid. For what paid. 

Redick H. McKee.... . . . . . . . Field expenses ........... . 
..... do .......................... do .............. -----· 
Robt. T. Hill .................... do __ ,. --- _______ ..... . 
N.H. Darton ............... Traveling expenses ....... . 
Joseph A. Taff ................... do ••.................. 
John Quinlan . . . . . . . . . . . . . . 3 mules ................... . 
Bradley & Goins....... . . . . . Repairs .................. . 
R. U. Goode.... . . . . . . . . .. .. . . Traveling cxp<mses ....... . 
Frank Tweedy. . . . . . . . . . . . . . Field expenses ........... . 
R.H.Chapman ............... .' .. do ................... . 
Walter N. Beecher .......... Buckboard-~- ............ . 
Fowler & Banks ............ 1 horse .......... : ........ . 
John H. Renshawe .......... Traveling expenses ....... . 
R. H. Chapman ............. Field expenses ........... . 
C. C. Bassett ...•..........•...... do ................... . 
W. H. Herron ................... do ................... . 
J. W. Thorn ...•................. do ................... . 
Robt. Muldrow .................. do ................ ___ . 
Goldberg, Bowen & Leben- Subsistence .............. . 

baum. 
W. S. Bay ley...... . . . . .. .. . Traveling expenses ....... . 
J. H. Wheat .................... do ................... . 
M. Hackett . . . . . . .. . . . . . . . . Services, June, 1895 ....... . 
C. W. Hayes . .. . . • .. . . . . . . . Field expenses .......... .. 
J. H. Jennings .................. do ................... . 
..... do ..................... Tra.velingexpenses ...... .. 
Hersey M nnroe.... . . .. . . . . . :Field expenses .......... .. 
H. S. Wallace ................... do .................. .. 
Fred H. Moffett ............ Traveling expenses ....... . 
N.H. Darton .................... do ................ ····[ 
T. Nelson Dale .................. do ................... . 
William Kitsch ............. Shoeing .................. . 
Roach & Uo ...... ~... . . • • . . Material ................. . 
..... do ..................... Snbsi~tence .............. . 
William B. Lloycl .......... Mat.eri_a\ ................ .. 
E. M. Douglas . . . . . . . . . . . . . Travelmg expenses ....... . 
W. H. Otis ...................... do ................... . 

..... do ..................... Fielrl expensp,s ........... . 
\Y. S. Post ...................... do ... : .. ............. . 
Yoder & Lewis ............. Subsistence .............. . 
Paul Holman.... .. . . . . . . .. . Field expenses .......... .. 
L. C. Fletcher ................... do ............. · ...... . 
W. & L. E. Gurley ......... Sights for alidades ....... . 
Chas. B. Green . . . . .. . . .. . . . Field expenses ........... . 
JohnMacready ............. Supplies ................. . 
H. S. Gane ................. Traveling expenses ....... . 
J as. L .• Johnson . .. .. . . . . • .. Field expenses ........... . 
R. C. Hamilton ............. Pasturage ................ . 
W. T. Griswold ............. :Field expenses ........... . 
Redick H. McKee ............... do .................. .. 
C. Whitman Cross.. . . . . . . . . Traveling expenses ....... . 
S. S.Gannett .................... do.: ................ .. 
Pay roll of employees .... __ Services, July, 1895 ....... . 
..... do ........................... do ................... . 
..... do .......................... do ......... · .......... . 
..... do .......................... do ................... . 
..... do .......................... do ................... ·. 
..... do .......................... do ................... . 
..... do .......................... do ................... . 

Amount. 

$37.37 
27.42 
12.55 
60.10 
13.90 

150.00 
15.00 
58.75 
53.95 
50.00 

342.00 
125.00 
45.80 
9.67 

171.94 
77.95 
6.43 

97.75 
38.53 

6.00 
34.45 

148.30 
59.S4 

133.72 
17.96 
40.72 
63.20 
17.92 
53.95 
52.97 
17.00 
28.16 
24.65 
63.55 
50.55 
3.30 

24.30 
189.95 
113.97 
80.60 
97.80 
32.00 
4.15 

46.35 
46.25 
5.75 
3.76 

50.30 
84.45 

143.10 
26.70 

344.00 
295.60 
38~.20 
299.00 
425.92 
317.90 
299.80 
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Abstract of disbursements made by C. D. Davis, special disbui'Bing agent, United States­
Geological Survey, etc. -Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1H96-Continued. 

f.t.-1~~ 
Date of .oJl 

payment. ~ g · 
p. 

July 30 151 
30 152 
30 153 
30 154 
30 155 
30 156 
30 157 
30 158 
30 1f>9 
30 160 
30 161 
30 162 
30 163 
30 164 
30 165 
30 166 
30 167 
30 168 
30 169 
30 170 
30 171 
30 172 
30 173 
30 174 
30 175 
30 176 
30 177 
30 178 
30 179 
30 180 
30 . 181 
30 : 182 
3o 

1

- 183 
30 184 
30 185 
30 186 
30 187 
30 188 
30 189 
30 IHO 
30 191 
30 192 
30 193 
30 194 
30 195 
30 196 
30 197 
30 191! 
30 199 

30 1200 

JULY, 1895-Continued. 

To whom paid. For what paid. 

J. H. Wheat................ Services, July, 1895 ...... .. 
Pay roll of employee ......... do .................. .. 
..... do ............................ do ................... . 
..... do .......................... do .................. .. 
..... do ........................... do ................... . 
..... do .......................... do .................. .. 
..... do ........................... do .................. .. 
..... do .......................... do .................. .. 
E. M, Douglas ................... do .................. .. 
Pay roll of employees ........... do .................. .. 
..... do .. :· ...................... do .................. .. 
..... do .......................... do ................... . 
T. Nelson Dale .................. do .................. .. 
Louis M. Prindle ................ do .................. .. 
Fred H. Moffett ........... : ..... do ................... . 
B. T. Perkins,jr ................. do .................... 

1 

N.H. Darton ............... Field expenses .......... .. 
Geo. L. Goulding....... . . . . Traveling expenses ....... . 
C. Whitman l'ross .......... 1 Mules ................... .. 
Pay roll of employees...... Field expenses ........... . 
..... do .. . .. .. .. .. .. .... .. .. Services, July, 1895 ....... _ 
N.H. Darton .................... do .................. .. 
Payroll of employees ...... ..... ilo ................... . 
..... do ........................... do ................... . 
W. Lindgren .................... do ................... . 
Joseph H. Taff ................... do ................... . 
Edward W.Lundall ............. do ................... .. 
W. L. Wilson .............. _ Traveling expenses ...... .. 
Pay roll of employees....... Services, July, 1895 ....... . 
..... do ..................... 1 ..... do .................. .. 

:::: : ~~ :::: ~::::: ::::::::::: :::: : ~~ : : :: :: :: :::: :::: :: : : 
W.M.Beaman ................... do ................... . 
W. J. Lloyd . .. . .. . .. . .. .. .. Field expenses .......... .. 
Frank Tweedy .................. do .................. .. 
Pay roll of employees ....... Services, July, 1895 ...... .. 
..... do .......................... do ................... . 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 
..... do .......................... do .................. .. 

:::: : i~ :::: ~ ~:: ~::::::::::::I:::: : ~~ :::: :::::::::::::::: 
S. S. Gannett .. . .. .. .. . .. . .. Field expenses .......... .. 
N. S. Shaler ................ -~ Services, July, 1895 ....... . 
.J. B. Woorlworth ................ do .................. .. 
M. Hackett .................... ~.do .................. .. 
Pa.v roll of employees ............ do .................. .. 
C. E. Bogardus .. .. .. .. . .. . . Assays .................. .. 

Amount. 

$91.31 
201.60 
300.60 
251.60 
117.90 
169.20 
316.33 
210.60 
210.60 
338.50 
411.90 
362.20 
168.50 
60.0:) 
30.00 
49.15 
62. 10 

3i'i0.00 
99.97 

368.28 
4-10.10 
151.60 

1, 373.00 
32!1.46 
185. :·o 
117.39 

19.25 
22.40 

125.00 
235.90 
8J.20 

362.47 
283.83 
117. !JO 

3.(10 
34.84 

19J.80 
298.23 
341.60 
281.60 

. 28fl.80 
251. 76 
216. 10 
320.60 
112.25 
200.00 

50.00 
142.94 
233.70 
58.50 

Total .. .. .. .. .. .. .. .. .. .. .. . . .. . .. . .. . . .. . . . . .. .. 22, 494. 58 

AUGUS'l', 1895. · 

Aug. 21 
1 

11 C.R.VanHise .............. l Services,.Jnly,18!J5 ........ 1 $270.00 
2 .J. W. Thoru ..................... do .. .... .. . .. . .... .... 81.20 
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Abstract of disbursements made by C. D. Dav·is, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES 0.1!' THE GEOLOGICAL SURVEY, 1895 AND 1896-Cont.inued. 

Date of 
payment. 

Aug. 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
7 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
12 

AUGUST, 1895-Continued. 

To whom paid. Fur what 11aid. 

3 Frank Leverett. . . . . • . • • . • . . Services, .J nly, 1~95 ..•••.... 
4 Pay roll of employees ............ do ................... . 
5 Wm. H. Brooks .................. do ................... . 
6 Jos. H. TaiL ................ Traveling expenses ...... .. 
7 T. Nelson Dale .. .. .. . .. • .. . Field exneuses ........... . 
8 M. R. Campbell. ................. do .................. .. 
9 J. W. Thorn ..................... do ................... . 

10 W.L.Miller ..................... do .................. .. 
11 Hersey Munroe .................. do .................. .. 
12 J.H.,Vheat ..................... do ................... . 
13 ..... do ..................... Traveling expenses ...... .. 
14 J. H. Jennings ................... do ................... . 
15 C. S. Sears...... . .. . .. .. .. .. Horse ................... .. 
16 R. C. McKinney .. .. .. .. • • .. Field expenses .......... .. 
17 Jno. H. Renshawe .. . .. .. ... Boarding ................ .. 
18 R. H. Chapman ............. Field expenses .......... .. 
19 H. S. Wallace .................... do .................. .. 
20 Chas.A.Green ................... d.o .................. .. 
21 Jno. H. Renshawe . . . . . . . . . . Traveling expenses ....•.•. 
22 W. H. Herron .............. Field expenses .......... .. 
23 W. T. Griswold .................. do .................. .. 
24 California 'Varehouse Co ... Storage ........•.......... 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34-
35 

.36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

H. Zelitz......... .... .. .. .. Material ................ .. 
M.P. Henderson &. Son ..... Storage .................. . 
'l'hos. Lovell ............... Hire of team ............ .. 
Frank Sntton .............. Traveling expenses ....... . 
Robert Muldrow ................ do .................. .. 
Robert D. Cummin .............. do ............. : ..... ·. 
A.M. Walker ............... Field expenses .......... .. 
D. M. Ross.................. Field material. .......... .. 
T. Bascom .................. Traveling expenses ...... .. 
C. R. Van Rise .................. do ................... . 
J.J.Webber ............... Pasturage ............... .. 
Geo. 0. Glavis,jr ........... Services, Jnly, 1895 ...... .. 
T. M. Bannon ............... :Field expenses .......... .. 
GlenS.Smith ................... do .................. .. 
W.M. Beaman ................... do ................... . 
J. B. Woodworth ................ do ................... . 
..... do ..................... Traveling expenses ...... .. 
Frank Tweedy ............. , Field eXJlenses ........... . 
.las. McCormick ................. do .................. .. 
Paul Holman .................... do ................... . 
Robt.D.Cnmmin ................ do .................. .. 
C. K. Leith ................. Services, July, 1895 ...... .. 
Ben. K. Emerson ................. do .................. .. 
Pay roll of employees ............ do .................. .. 
J.E.Wolff ...................... do .................. .. 
..... do . .. • • . . .. .. .. .. .. .. • . Field expenses .. : .. ..... .. 
Chas. T. Foerste ................. do .................. .. 
J. Morgan Clements ............. do .................. .. 
H. ,V, Turner .................... do .................. .. 
T. Wayland Vaughan ............ do .................. .. 
..... do .......................... do ................... . 
Aug. F. Foerste .................. do .................. .. 
A. T. McConnell&. Son...... Subsistence .............. . 
D.M.Ross ........ ~ .............. do ................... . 
F. H. Moffett ............... Traveling expenses ...... .. 
T. Nelson Dale .................. do .................. .. 
W. Lindgren .................... do .................. .. 

Amount. 

$130.00 
174.20 
144.00 
144.45 

. 5.45 
97.53 
85.56 
43.15 
36.05 
36.45 
11.95 
6.98 

45.00 
208.14 

36.75 
60.70 
45.85 

7.00 
36.87 
60.75 

102.44 
5.00 
6.25 
4.00 

40.00 
65.50 
5.74 

11.50 
82.88 
85.62 
19.28 

170.40 
3.87 

70.80 
109.82 
•178. 63 
133.71 
15.15 
9.01 

54.18 
91.65 
64.60 

259.80 
53.75 

100.00 
507.19 

95.00 
23.30 
53.55 

9.07 
24.66 
12.80 
7.50 

11.00 
37.87 
28.52 
15.22 
53.79 
31.35 
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Abstract of disbursernents made by C. D. Davis, special disbursing agent, United States 
Geological Survey, etc.-Continne<l. . 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continncu. 

AUGUST, 1895-Continued. 

Date of I ~ ~ To whom paid. For what J>aid. Amount. 

payment. ~ ~ -------·------\ ------------\-----

Aug. 27 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
16 
14 
14 
14 
14 
14 
13 
14 
14 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
19 
16 

62 W. Lindgren ............... Field expenses .......... .. 
63 F. L. Ransome ................... do .................. .. 
64 Andrew C. Lawson .............. do .................. .. 
65 ..... do ..................... Traveling expenses .... · .. .. 
66 D. Lowry .. .. .. .. .. .. .. .. .. Subsistence ..... __ ... _ .. .. 
67 Wood ward & Briggs . .. .. .. Wagon wheels .......... .. 
68 W. S. Winters .. .... .. .. .... Subsistence ............. .. 
69 Gilbert Thompson .......... Field expenses .......... .. 
70 Redick H. McKee ................ do .................. .. 
71 W. H. Lovell .................... do ................... . 
72 E. C. Barnard .................... do ................... . 
73 L. C. Fletcher ................... do .................. .. 
74 E. T. Perkins,jr ................. do .................. .. 
75 S. S. Gannett .................... do .................. .. 
76 E. M. Douglas ................... do .................. .. 
77 ..... do ........... ---~-- .... Traveling expenses ...... .. 
78 R. U.Goode ..................... do ................... , 
79 Isaac I. Lewis . .. . . .. . .. .. .. Subsistence ............. .. 

.. go Frank Tweedy ............. Field expenses .......... .. 
81 M. Hackett ...................... do .................. .. 
82 Nat G. VanDoren ................ do .................. .. 
83 L. P. Daniels . .. .. .. .. .. .. .. 1 mule .................. .. 
84 William Ketch ............. Services .................. . 
85 Roach & Co ................ Subsistence .............. . 
86 C. W. Hayes ................ Field expenses .......... .. 
87 Robert T. Hill ................... do .................. .. 
88 ..... do .......................... do .................. .. 

· 89 ..... do .. .. .. .. .. . .. .. .. .. .. Traveling expenses ...... .. 
90 G. Cramer Dry Plate Co..... Dry plates ............... . 
91 Henry B. Kummel .......... Services, .July, 1895 ....... . 
92 H. B. Blair . .. . .. . .. .. .. .. .. Field expenses ........... .. 
93 H. W. Turner .................... do .................. .. 
94 C. C. Bassett .................... do .................. .. 
95 C. M. Hammond .. .. .. .. .. .. Horse .................... . 
96 E. M. Douglas .. .. .. .. .. .. . . Field expenses ........... .. 
97 G.E.Hyde ...................... do .................. .. 
98 R. B. Marshall ................... do .................. .. 
99 Robt. Muldrow .................. do .................. .. 

·100 .James Kelley............... Services, Jul:v, 1895 ...... .. 
101 W. G. Rowland............. Subsistence : .. ........... . 
102 L. W.Estes ................. Pasturage ................ . 
103 G. E. Hyde .. .. .. . .. . .. . .. .. Traveling expenses ....... . 
104 M. Hackett ...................... do ................... . 
105 W. M. Beaman ................... do .................. .. 
lOfi R B. Clark ................. Fieldexpenses ........... .. 
107 A.•H. Pnrdee ................ Services, July, 1895 ...... .. 
108 C. D. White.... .. . .. . .. .. .. Traveling expenses ...... .. 
109 ..... do . .. .. .. .. .. .. .. .. .. . • Field expenses .......... .. 
110 LouisM.Prindle ................. do .................. .. 
111 ..... do ..................... Traveling expenses ...... .. 
112 Nat G. Van Doren .......... Field expenses ......... .. 
113 A. E. Murlin ..................... do ............ · ...... .. 
114 W.L.Miller .................... do .................. .. 
115 H. S. Wallace .................... do .................. .. 
116 Yoder & Lewis............. Subsistence ............. .. 
117 Geo. W. Stuse ............... Traveling expenses ...... .. 
118 John H. Renshawo ............... do ................. .. 
119 R. C. McKinney. .. .. .. .. . .. . Pield expenses .......... .. 
120 W. S. Post ....................... do .................. .. 

$89.22 
6.00 
9.00 

30.00 
22.72 
20.00 
49.89 
34.60 
44.55 
22.00 

121.16 
78.83 
25.17 
37.75 
29.35 
94.45. 

104.05 
105.00 
51.84 

111.68 
26.20 

100.00 
9.75 

58.26 
97.82 
31.35 
48.95 
15.75 
14.40 
58.06 

216.97 
64.05 

205.81 
100.00 

5.00 
167.90 
157.45 
81.23 

7.74' 
130.26 

5.13 
26.75 
3.39 
5.17 

95.22 
30.00 
53.52 
47.65 

.25 
26.80 
19.87 
74.35 
55. 75. 
60.20 
45.10 
15.25 
43.25 

163.15 
373.66 
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.Abstract of disbursements made by C. D. Da1)is, special disbursing agent, Un-ited States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OJ;' THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

AuGUS'l\ 1895-Continuetl. 

~~ Dato of ."iJ 
payment. o 1=1 

To whom paid. For what paid. 

Aug. 19 
.19 
19 
19 
20 
22 
22 
22 
22 
22 
18 
18 
22 
22 
22 
22 
22 
22 
23 
24 
24 
24 
24 
25 
26 
26 
26 
30 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

:z;~ 

121 Wm. H. Herron............. Field expenses ......... _ .. 
122 C. Whitman Cross ............... do .................. . 
123 J. H. Wheat ................ Traveling expenses ....... . 
124 H.C.Lewis ................ Shooing .................. . 
125 R. B. Marshall . . . . . . . . . . . . . . Field expenseR ........... . 
126 C. W. Hayes ................ ___ .. do ___ ................ . 
127 A. H. Brooks ........•..•......... do ................... . 
128 R.H.MoKoe ..................... do .................. .. 
129 J. M. Portuondo. _.... . . . . . . Services, July, 1895 ....... . 
130 L. C. Fletcher ... _ ...... _... Fiel<l expenses ........... . 
131 W. S.Bayley .................... do ................... . 
132 ..... do ............... : ..... Traveling expenses ....... . 
133 J. Morgan Clements ....•........ do .... · ................ · 
134 Charles Oley............... Services, July, 1895 ....... . 
135 A. L. Bach ....... :.......... Subsistence .... --· ....... . 
136 ..... do ..........•............... do ................... . 
137 H. J. McLaren .............. Hire of team ............. . 
138 ..... do .......................... do ................... . 
139 S. S. Gannett . . . . • . . . . . . . . . . ·Field expenses ........... . 
140 H. H. Hoover ........... ___ . Traveling expenses ....... . 
141 HenryB.Kummel." .............. do ................... . 
142 Geo. W. Stose .................... do ................... . 
143 T. Nelson Dale. . . . . . . . . . . . . . . .... do ................... . 
144 Franke-·. • ............ Field expenses(July) ..... . 
145 J. E. Spun· ...................... do ................... . 
146 ..... do ..................... Traveling expenses ....... . 
147 T. Bascom ....................... do .. -.--- ............. . 
148 C. D. White ................ ServiceA, July, 1895 ...... . 
149 R. C. McKinney ..... _...... Field expenses .......•••.. 
150 Jno. H. Renshawe .......... Services, August, 1895 .... . 
151 Pay roll of employees .. ____ ...... do . ___ ............... . 
152 ..... do ........•................. do ................... . 
153 ..... do .......................... do ................... . 
154 ... _ . do .......................... do ... _. _ ............. . 
155 ..... do ......................... do ................... . 
156 •..•. do ........................... do ........•••......... 
157 ..... do .......................... do ................... . 
158 ..... do ........................... do ................... . 
159 ..... do .......................... do ................... . 
160 ..... do .......... - . . . . . . . . . . . .... do ........ _ . __ ....... . 
161 ..... do .......................... do ................... . 
162 . _ ... do . . . . . . . . . . . . . . . . . . . . . . .... do ..................•. 
163 ..... do . . . . . . . . . . . . . . . . . . . . . -- ... do ..............••.•.. 
164 ..... do . . . . . . . . . . . . . . . . . . . . . . .... do .................... . 
165 E.M.Douglas ................... do ............... · .... . 
166 S. S. Gannett .................... do ................... . 
167 ..... do ..................... Traveling expenses ....... . 
168 W. T. Griswold ........... _. Field expenses ........... . 
169 Roach & Co .........•...... Material ................. . 
110· A.C.Becking ..................•. do ................... . 
171 J. W. Thorn ................. Traveling expenses ....... . 
172 ..... do ... · ....................... do ................... . 
173 .J. H. Wheat .......... ·----· Services, August, 1895 ..... . 
174 Pay roll" of employees ..... _ ...... do .. _ ................ . 
175 ..... do ....... ··---· ............. do···--··---·· ....... . 
176 ..... do ................ : ......... do··---·--······-----· 
177 ..... do .......................... do ...... ·----· ....... . 
178 ..... do .............. __ ... _ . . .... do ... - ........... - - .. . 
179 ..... do .. _.- ... -- --· ...••••...... do • -- ••... -··· .••..... 

Amonnt. 

$67.65 
62.62 
8.45 

33.50 
102.00 
75.00 

116.09 
46.49 
27.42 
62.23 
35.48 
48. ~8 
10.30 
75.00 
21.65 
14.09 
7.00 

12.00 
109.05 
81.53 
63.74 
11.00 
59.37 
93.79 

156.38 
10.00 
20 53 

134.80 
23.70 

210.60 
388.20 
300.60 
379.80 
216.10 
354.30 
286.60 
357.90 
90.00 

299.80 
281.60 
289.80 
317 .. 90 
194.80 
341.60 
210.60 

"168.50 
24.20 

135.89 
20.Ul 
7.95 
6.35 

40.40 
101.10 
84.20 

204.20 
117.90 
125.00 
319.00 
235.90 
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Abstract of disbursements made by C. D. Davis, special disbu?'Bing agent, United States 
Geological Survey, etc.-Continuell. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continuerl. 

AUGUST, 18!;}5-Cuntinncfl. 

\ ~ ~ 
I?a~~e~t ~g 

• < 0 

To wh()]n pait.l. For what paid. 

Aug. 31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Sept. 10 
9 
9 

11 
11 
11 

9 
11 
11 
11 
11 

~ 

180 
181 
182 
183 
184 

Pay roll of employees....... Services, August, 1895 ..... . 
PhilipP. Sllarples .......... Supplies ................ .. 
T. Nelson Dale . . . .. . . .. .. .. Field expenses .......... .. 
N. H. Darton ............ :.. Traveling expenses ...... .. 
..... do .......................... do .................. .. 

185 S. F. Emmons ................... do .................. .. 
186 Robt. T. HilL .................. ."do .................. .. 
187 ..... do .... _ ................ Pield expenses ........... . 
188 
189 

J. R. Brown ................ Services, August, 1895 .... .. 
J. C. Elliott ..................... do ................... . 

190 Pred H. Moft'ett ................. do .................. .. 
191 T. Nelson Dale ............ · ...... do ................... . 
192 
193 
194 

Don Hardy...... . . .. .. . .. .. Pasturage ............... .. 
T. Wayland Vanghan ....... Services, August, 1895 .... .. 
N.H. Darton .................... do .................. .. 

1!15 Robt. T. Hill .................... do .................. .. 
196 
197 
198 

Arthur Keith ............... Services, JnlyandAug.,1895 
W. Lindgren . . . . . . . . . . . . . . . Services, August, 1895 ..... . 
Louis M. Prindle ................ do .................. .. 

19£1 Pay roll of employees .... · ........ do ................... . 
200 ..... do .......................... do ................... . 
201 ..... do .......................... do .................. .. 
202 ..... do .......................... do ................... . 
203 ..... do .......................... do ................... . 
204 Geo. '\V. Stose ................... do .................. .. 
205 Walter H. 'Veep ................. do .................. .. 
206 
207 

Pay roll of.employees ............ do .................. .. 
Geo. vV.Glavis,jr ............... do .................. .. 

208 
209 

J. E. Spurr ................. Services,JulyandAug.,l895 
Wm. Beaman............... Services, August .......... . 

210 Pay roll of employees ... .' ........ do ....... · ........... .. 
211 ..... do .......................... do ................... . 
212 ..... do .......................... do .................. .. 
213 ...... do .......................... do .................. .. 
214 ..... do .......................... do .................. .. 
215 J. S. Diller ...................... do ................... . 
216 W. H. Hohhs .................... do .................. .. 
217 H. S. Wallace . .. . .. . . .. .. .. Pield expenses .......... .. 
218 J os. H. Perry....... .. .. . .. . Traveling expenses ...... .. 
219 ..... do ..................... Services, .July ........... .. 
220 Pay roll of employees....... Services, August ......... .. 

TotaL .............. .. 

SEPTEMBER, 1895. 

1 Humphreys & Co .......... 1 horse .................. .. 
.2 Jno. H. Renshawe ........... Traveling expenses ....... . 
3 ..... ao ..................... Boarding ................ .. 
4 R. C. McKinney. .. .. .. .. .. .. Field expenses .......... .. 
5 H. B. Blair ...................... do ................... . 
6 K T. Perkins, jr. ................. do .................. .. 
7 .T. Bixby & Co .............. Pasturage ............... .. 
8 Calif Warehouse Co ........ Storage ................... . 
9 M.P. Henderson ................. do .................. .. 

10 C. G. Palmer.... .. .. .. .. .. .. Hire of team ............ .. 
11, G. E. Hyfle ................. Traveling expenses ....... . 

A1nouut. 

$304.00 
27.00 
3.25 
6. 75 

143.62 
105.15 
30.50 
46.50 
40.00 
40.00 
30.00 

168.50 
10.81 
84.20 

151.60 
252.70 
337.00 
185.30 
60.00 

426.90 
338.50 
372.80 
369.30 
337.20 

84.20 
168.50 

1,137.10 
59.35 

168.40 
117.90 
201.60 
369. 19 
251.60 
328.03 
320.60 
202.20 
162.00 
73.25 
34.21 
48.00 

259.80 

23,681.75 

. $35.00 
76.00 
21.75 
94.41 

168.77 
78.66 
14.00 
5.00 
6.00 

19.00 
16.65 
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.tlbstract of disbn1'8C11tents made by C. D. Davis, special disbursing agent, United States 
· Geological Snrvey, etc.-Continued. · 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continueli. 

Date of 
payment. 

Sept. 10 
10 
10 
10 
10 
10 
11 
9 
9 
4 

10 
11 
10 
9 
9 

11 
19 
11 
11 
11 
10 
10 
10 
9 
9 
1 

11 
11 
10 
9 
9 
9 
9 
9 
9 
9 
!) 

9 
11 
11 
11 
9 
9 
9 
9 
9 

11 
10 
10 
10 
10 
10 
10 
12 

gl 12 
12 
12 

17 

SEPTE:MBER, 1895-Cont,inued. 

To whom paid. For what paid. Amount. 

-----------------

12 G. E. Hyde ................. Field expenses .......... .. 
13 W.H.Hen-ou ..... .' .............. do .................. .. 

~~ ~-r~~~!n~=~~~:.::::::::::::: I.::: : ~~ :::::: :::: :::::: :::: 
16 E.M.Douglas .......... ~ ........ do .................. .. 
17 ..... do ..................... Traveling expenses ...... .. 
18 W. S. Winters .. .. .. .... .. .. Subsistence ............. .. 
19 Jas. Macfarland ............ Services, August, 1895 .... .. 
20 M. Hackett ...................... llO .................. .. 
21 Pay roll of employees ............ do .................. .. 
22 Nat G. Van Doren .......... Traveling expenses ....... . 
23 W. H. Lovell .................... do ................... . 
24 ..... do ..................... Fielll expenses .......... .. 
25 Redick H. McKee ................ do .................. . 
26 ..... do .. .. .. .. .. . . .. .. . .. .. Traveling expenses- ... -- --~ 

~g . :~:t.~~~:~::~l~ ~ ~::::::::: :::: J~::::::::::::: ~:::::: 
30 ..... do .......................... do .................. .. 
31 W. L. Miller...... .. .. . . .. .. Field expenses ........... . 
32 Jas.McCormick ................. do .................. .. 
33 Hersey Munroe ................... do ................... . 
34 J. H. \Vheat ..................... do ............. · ..... .. 
35 Paul Holman .................... do .................. .. 
36 ..... do .......................... do .................. .. 
37 A. E. Murlin ..................... do .................. .. 
38 GlenS. Smith .................... do .................. .. 
39 Gilbert Thompson ............... do .................. .. 
40 M. Hackett ...................... do ................... . 
41 H. C. Cowles ................ Services Augnst, 1895 ...... . 
42 Henry B. Kummel ............... do .................. .. 
43 J. B. Woodworth ................. do .................. .. 
44 N. S. Shaler .............. · ........ do .................. .. 
45 William B. Clark ................ do .................. .. 
46 P.Bascom ....................... do ................... . 
47 Ben K. Emerson ................. do ................... . 
48 C. K. Leith ...................... do ................... . 
49 Pay roll of employees ............ do .................. .. 
50 J.E.\Volff. ...................... do .................. .. 
51 James Storrs .................... do .................. .. 
52 A. H. Pnrdee ..................... do .................. .. 
53 Pay roll of employees, ........... do .................. .. 
54 N.H. Darton ................ Traveling expenses ...... .. 
55 ..... do ........................... do ................... . 
56 ..... do ...................... :Field expenses .......... .. 
57 W.Lindgren ..................... do .................. .. 
58. H. W. Turner .................... do .: . ............... .. 
59 W. C. MendenhalL ............... do ................... . 
60 M. R. Campbell .................. do .................. .. 
61 Jos. A. Taft' ...................... do .................. .. 
62 Pred. H. Moffett ......... , ... Traveling expenses ...... .. 
63 Walter H. Weed ................. do .................. .. 
64 D. Lowry_-__ .. .. .. .. .. .. .. • . .Field expenses .......... .. 
65 \V. S. Riley ...................... do .................. .. 
66 Metropolitan Lumber Co ......... do .................. .. 
67 J. B. Woodworth ................. do .................. .. 
68 J.E. \Volff ....................... do ................... . 
69 T. ·wayland Vaughan ....... Traveling expenses ...... .. 
70 T. Nelson Dale ................... do .................. .. 
GEOL1 l'T 1--12 

$169.56 
156.30 
64.85 

130.15 
83.75 
75.15 
22.71 
70.80 

134.80 
222.09 

32.97 
3.15 

118.32 
:35.60 
26.25 
9.77 

311.90 
49.04 
15.85 

. 47.40 
91.14 

115.63 
72.80 

162.32 
6.65 

35.30 
137.97 
38.30 
87.65 
50.00 
36.77 
50.00 

140.00 
125.00 
14.51 
95.00 
48.00 

57:3. 48 
75.00 
60.00 
30.00 

114.90 
6.00 

70.24 
142.24 
278.65 
90.33 

1. 25 
133.68 
97.55 
24.88 
86.95 
32.15 
10.26 
38.36 
2(\.90 
18.27 
39.45 
18.99 
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Abstract of disbursements made by C. D. Davis, special disbursing agent, United States 
Oeological Survey, etc.-Continuell. 

GENERAL EXPENRES OF THE GEOLOGICAL SURVEY, 1805 AND 1896-Continucd. 

~~ Dat.e of -
payment. .g g 

~ 

S.~:w·rElUBER, 1895-Continued. 

To whom paid. For v;rhat paid. 

--- -- --~---------

Sept. 12 71 
12 72 
12 73 
12 74 
12 75 
12 76 
12 77 
12 78 
12 79 
12 80 
12 81 
12 82 
13 83 
13 84. 
13 85 
13 86 
13 87 
13 88 
13 Sfl 
13 90 
13 91 
13 92 
13 93 
14 94 
14 95 
14. 96 
14 97 
14 98 
17 99 
17 100 
17 101 
17 102 
17 103 
17 104 
17 105 
18 106 
17 107 
20 108 
20 109 
20 110 
20 Ill 
20 112 
20 113 
20 114 
20 115 
20 116 
23. 117 
23 118 
24 119 
23 120 
23 121 
24 122 
24 123 
24 124 
24 125 
30 1126 
25 127 
25 128 

T. Nelson Dale ............ ~ Fiehl expenses ... _____ .. .. 
.J. Morgm~ Clements .. ___ ........ do .......... _ ....... __ 
L. F. Johnson ......... _ .. . . Subsistence ... _ ... __ .... .. 
L. C. Fletcher . . .. . . . . . . . .. . Fielll expenses .... _____ ... 
W. T. Griswold ....... ___ ........ do . ___ ........... _ .. .. 
..... do ..................... Traveling expenses ...... .. 
T. M. Bannon....... . .. . .. .. Field expenses ........ __ .. 
Nat Tyl"r ............ ------ ..... do .................. .. 
Thos. Lovelle. .. .. .. .. .. .. .. Hire of team .. __ ........ .. 
K C. Barnard .. .. .. .. .. . . .. Ficlll expenses ........ _ .. . 
..... do .......................... do .................. .. 
C. ,V. Hayes ..................... do .................. .. 
Frank Lavelle ............. Services, Augnst. 1895. __ __ 
Geo. C. Carter .......... ____ ..... do ................... . 
Louis M. Prindle . . . . . . . . . . . Traveling expenses ....... . 
J. H. Woodworth ..... ·----- ..•.. llo ·----- ............ .. 
Henry B. Kummell ......... ____ .do ...... ______ ........ , 
C. R. Vanllise .................. llo ................... . 
A. W. Walker .. . .. . .. . . .. .. Field expenses .......... .. 
..... do _.... .. . .. . .. . . . . . . .. Traveling expenses ....... . 
Hedick H. McKee ....... ____ Field expenses .......... .. 
M. Coleman .. .. .. .. .. .. .. .. Services, Aug.l-3, 1895 ... .. 
W. G. Rowland ............. Subsistence .............. . 
R. H. Marshall...... .. . . .. .. Field expenses ........... . 
R. U. Goode ................ ____ .do .................. .. 
..... do .. ____ . _............. Traveling expenses ....... . 
H. H. Chapman .................. do .......... .. 
..... do ..................... Field expenses .......... .. 
S. S. Gannett .... ------- ......... do .................. .. 
L. W. Estes ................. Pasturage ................ . 
... . . do .......................... do .............. l ... .. 
.Jeffris & Ambrose .......... Subsistence .............. . 
R.B.Wilson .................... do ................... . 
.J,W.Thom ................ Fieldexpenses .......... .. 
Geo. 0. Glavis .............. Traveling expenses ...... .. 
C. D. White ............. _.. Field expenses .......... .. 
W.C. Coehran .............. 5wheels ................. .. 
Hersey Munroe ...... ___ ..... Field expenses .... ---- .... . 
Redick H. McKee ................ do .................. .. 
Robt. D. Cununin ............... do .................. .. 

· .. · .•. do ............. ___ .......... do ... ___ . ____ ....... .. 
0. A. Ljungstedt ........... Travelingex:penses ...... .. 
W. T. Wroe ................ One salldle ............... . 
Geo. Bland ........... __ .... Services, Sept. 1-8, 1895 ... . 
vVm. H. Herron ............ Field expenses ........... . 
.J. Bixley & Co . . . . . .. .. .. .. Pasturage ................ . 
A. E. Murlin ........ ____ .. .. Field expenses .......... .. 
Joseph H. Perry ............ Traveling expenses ... -~ ... 
R. E. Dodge ..................... do .................. .. 
.Joseph H. Perry ........ __ .. Services, Angnst, 1895 .... . 
Frank Tweedy ............. Traveling expenses .......• 
..... do ..................... Field expenses .......... .. 
L. C. Fletcher ................... do ................ ----
.Jno. H. Rcnshawe ........... Traveling expenses ...... .. 
W. '1'. Griswolu .................. do ................... . 
W. S. Post...... .. .. .. . . . . .. Field expenses .......... .. 
C. Whitman Cross ............ c •• do ................... . 
Geo. 0. Glavis, jr ................ U.o .................. .. 

Amount. 

$0.60 
15.65 
82.05 
48.00 
60.45 
91.65 

122.10 
9.65 

38.75 
102.10 
61.60 
60.50 

130.00 
20.00 
34.41 
12.72 
36.74 

130.84 
86.83 

1. 80 
31.22 
4.50 

85. n 
161.60 

.GO 
114.60 
12.60 
65.25 

120.79 
10.50 

1. 80 
62.90 
26.80 
83.55 
17.75 
10.24 

1. 30 
64.21 
38.83 

113.15 
30.11 
22.20 
6.75 

12.00 
74.65 
14.00 

154.01 
13.87 
29.50 
24.00 
21.65 
96.48 
64.19 
65.85 

139. 77 
243.81 
107.34 

10.60 
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Abstract of disbnrsements made by C. D. Davis, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES 0.1<' THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

Date of 
paJ ment. 

Sept. 25 
30 
:~o 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

SEPTE::\IBER, 1895-Continued. 

1'o whom paid. For what paid. Amount. 

------- -------------------1-----

129 R. H. McKee ................ Fielu expenses .......... :. 
130 W. Marlon Webb ........... Pay, August (8days) ..... . 
131 J. E. Spurr .......... _.. .. .. Field expenses .......... .. 
132 H. S. Wallace ................... do .................. .. 
133 ..... uo . .. .. .. .. .. .. .. .. .. .. Traveling expenses ...... .. 
13,1 BasilDuke ...................... do .................. .. 
135 Wm. H. Griffin .................. uo .................. .. 
136 C. C. Bassett ____ ............ Field expenses .......... .. 
137 Wm. H. Herron .................. do .................. .. 
138 R. B. Marshall ____ ............... do .................. .. 
139 S. S. Gannett.-.................. do------ ............. . 
140 ..... do ................... :. Traveling expenses ...... .. 
141 A. C. Reckling ............. Axle grease ............. .. 
142 Eastman Kodak Co ......... Kodak films ............. .. 
143 T. Nelson Dale ............. Fielu expenses .......... .. 
144. ..... do ..................... Pay, September, 1895 .... .. 
145 \V. Lin<1_gren .......... · .......... do .................. .. 
146 J. S. Diller .................... _.do ................... . 
147 Geo. W. Tower: ................. do ................... . 
148 Fred. H. Moffett ................. do .. ' ................ .. 
149 N.H. Darton .................... do .. · ................ .. 
150 J. E. Spurr ..................... do .................. .. 
151 J. B. Woodsworth ............... do .................. .. 
152 N. S. Shaler ........... :---- ..... do .................. .. 
153 Pay roll of employees ............ do .. _ ... ------ ...... .. 
154 ..... do .......................... do .................. .. 
155 ..... do .......................... do .................. .. 
156 ..... do .. , ........................ do .. : ............... .. 
157 ..... do .......................... do .................. .. 
158 ..... uo .......................... do .................. .. 
159 ..... do .......................... do ................... . 
160 ..... do .......................... do .................. .. 
161 ..... do .......................... do ................... . 
162 ..... do .......................... do .................. .. 
163 ..... do .......................... do ................... . 
Hi4 ..... do .......................... do ................... . 
165 ..... do .......................... do .................. .. 
166 ..... do .......................... do .................. .. 
167 ..... do .......................... do .................. .. 
168 ..... do .......................... do .................. .. 
169 W. M. Beaman ................... do ................... . 
170 1\J.Hackett ................ ." ..... do ................... . 
171 E. M. Douglas ................... do .................. .. 
172 A. L. Estes ..................... .<lo .................. .. 
173 LangleyHall,jr ................. do .................. .. 
174 S. S. Gannett .................. cdo .................. .. 
175 Pay roll of employees ........... do .................. .. 
176 ..... do .......................... do ................... . 
177 ..... do .......................... do .................. .. 
178 ..... do .................. _ ....... do .............. _ ... .. 
179 ..... do·.------····-- .... ____ ..... uo ................... . 
180 ..... do-.......................... do .... -----------------
181 ..... do .......................... do .................. .. 
182 ..... do .... _ .. __ ................. do ............. _ .... .. 
183 ..... do .......................... do ................... . 
184 ..... do .......................... do ................... . 
185 ..... do .......................... do .................. .. 
186 Jno. H. Renshawe .. __ .. -..... Services, September, 1895 .. 

$24.10 
16.00 

205.75 
16.00 
43.15 
41.40 
41.40 

139.89 
64.10 

120.24 
78.85 
7.80 
1.75 

10.35 
32.17 

163.00 
179.40 
195.60 

60.00 
30.00 

146.80 
81.60 
50.00 

190.00 
240.80 
286.39 
298.00 
333.00 
364.40 

1, 704.00 
312.00 
222.60 
222.80 
246.80 
258.67 
297.00 
196.80 
114.20 
359.47 
81.60 

114.20 
130.40 
203.80 
40.00 
50.00 

163.00 
276.80 
34-2.00 
306.80 
281.80 
212.80 
190.40 
349.20 
314.20 
285.40 
311.62 
295.40 
203.80 
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Abstraet of disbursements made by C. D. Davis, special disbursing agent, United States 
Geological Survmj, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEV, 1805 AND 1896-Continued. 

Date of 
payment. 

Sept. 30 
30 
30 
30 

Oct. 4 
3 
3 
5 
1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

SEl"L'EMBER, 1895-Continuerl. 

To whom paid. For what pairl. Amount. 

187 Payrollofemployees ....... Pay, September, 1895______ $255.40 
188 ..... do------·-------------- ..... do----·--------------· 370.40 
189 ..... do--------------------- ..... do-------------------- 370.60 
190 ~----.do.-------------------- ..... do----------··---- ____ ~8.80 

Total.----·-----·----------------------------- ____ 21,725.06 

0CTOBER,1895. 

1 .T. H. Wheat ....... _ _ _ _ _ _ _ _ _ Traveling expenses_ .. ___ .. 
2 Pay roll of employees ..• _... Services, September, 1895 .. 
3 ..... do--------------------- ..... do--------------------
4 Joseph Macfarland __ .. _. _______ .do . _ ..... ___ . ________ _ 
5 C.D.White --------------_.- ..... do--------------------
6 Ben.K. Emerson------------ ____ .do------_, ___________ _ 
7 Frank Leverett .. ---- ..... _ .. ____ .do _________ ... _____ ... 
8 A. H.Pnrdec ...... ---------- ..... do-·-- ...... --- ... ---· 
9 Henry C. Cowles ...... ------ ..... do---------·------ ___ _ 

10 C. R. VanHise .... ----·----· ..... do------ .•.... ---·----
11 Chas. Oley ........ - .............. do ............... ·- ... . 
12 C. K. Leith.---------------- ..... do ...... --------------
13 J. Morgan Clements ......... ____ .do .......... _. ---- ___ _ 
·14 Pay roll ofemployees ....... ____ .do ..••.. ·----- _______ _ 
15 W. Lindgren--.--. _____ ---- Traveling expenses .. _____ _ 
16 __ .. _do ____ ._ . . . . . . . . . . . . . . . . Field expenses ....... _____ _ 
17 Paul Holman ... ---·--- .. --. --- .. do ... -~ .. --. -- .. ---.--
1!l A.M. ·walker ... --. ____ ----. Traveling expenses .. _____ _ 
19 J. Morgan Clements ......... Field expenses ....... ____ . 
20 ..... do . . . . . . . . . . . . . . . . . . . . . Traveling expenses .. __ ... . 
21 ..... do ..................... ____ . do ____________ .... _ .. . 
22 T.NelsonDale .............. Field expenses------------
23 ____ .do.·----------- ________ Traveling expenses .... ___ _ 
24 Fred. H. Mofl:'ett -------- ---- ____ .do ......... ___ .. ---- __ 
25 S. F. Emmons.---------- .....•••. do------·-------------
26 ..... do ...... - -- - . - . . . . . . . . . . .... do ................... . 
27 W.C.Mendenhall. .... -----· ____ .do·----------- .. ------
28 ..... do----------------·---- ..... i!o --------------------
29 A. H. Brooks ..•... ---------· ..... do---------------- .... 
30 Joseph A. Taff. _________________ .do------·----------- .. 
31 0. A. Ljnn~stedt .. ---- .•......... do ......... __ ...... __ _ 
32 C.R. VanHise ...... -------- ..... do ....•. ---------- ___ _ 
33 ..... do--------------------- Field expenses------·-----
34 Louis M. Prindlo' ... _ ...... _ Traveling expenses ... _._ .. 
35 .. _ .. do .. ----.------ ---- ---- Services, September, 1895. _ 
36 Sagola Lumber Co .... ------ Subsistence .....••••. ----. 
37 MetropolitanLumberCo .... ----.do----·· •...••.•.. ----
38 J no. Starck . . . . . . • • . . . . . . . . Trays .........••...... _ .. . 
39 S. E. Alston ... -- ... ____ .. _. Hire of transportation .... . 
40 ,V. S. Winters .......... ____ Subsistence·-------·--_----
41 Morrison & Williams ... _ .....•.. do ......... --- ---- ___ _ 
42 J. W. Thom .. ---------- ____ Field expenses .. -- ....•.... 
43 J. H. Wheat ....•................ do--------------------
44 Jas. McCormick ..•...•••........ do ... --- __ .. __ ---- .... 
45 Gilbert Thompson-------------- .do-----··--------- ___ _ 
46 Hersey Munroe •.....•.••... ---- .do ..•••. --------------

$30.75 
293.80 
228.20 
68.40 

131), 40 
90.00 

125.00 
30.00 
50.00 

250.00 
32.50 
34.25 
88.00 

276.99 
15.25 
42.60 

156.75 
1.80 

45.66 
3.07 

42.67 
1.26 

Hl.89 
26.03 

147.79 
64.00 
2.50 

12.75 
16.75 
17.00 
16. 15 

152.47 
7.79 

39.0?> 
38.00 
19.77 
11.47 
7.50 
9.50 

38.75 
61.20 
92.!l5 

144.28 
90.96 
38.08 
38.90 
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Abstract of disbursements made by C. D. Davis, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPRNSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

Date of 
payment. 

OcTOBER, 1895-Continued. 

To whom paid. For what paid. 

Oct. 10 47 Robert Muldrow ______ ._____ Traveling expenses _______ _ 
10 48 Frank Tweedy _____________ Fiehlexpenses ______ . ------
10 49 E. Knight ...... ------------ Hire of horse. _____ ------ __ 
10 50 W.G.Griswold _____________ Subsistence---------------
10 51 A. G.Bricson .... ------·---- Pasturage ________________ _ 
10 52 J. Bixby & Co .. ------ ...... ____ .do ___ .. --- ------ _____ _ 
10 53 L. W. ERtes ______ ... _- ____ - ____ .do ___________________ _ 
10 54 California Warehonse Co--- Storage_-----·------------
10 55 M.P. Henderson & Son ..... ____ .do _____________ : _____ _ 
12 56 L. C .. Fletcher ...... -------- Field expenses_------------
12 57 Robert Muldrow ______ ----·· ____ .do-----·--------------
12 58 A.E.Murlin .... -,-------·---- ..... do--------------------
12 59 ..... do--------------------- ..... do--------------------
12 60 A.M. Walker.--------- _________ .do _________ --· _______ _ 
11 61 Nat G. Van Doren __ ------------ .do------------ _______ _ 
12 62 R. U.Goode --------------- ..... do--------------------
12 63 H. W. Turner ... ------- _________ .do ------ ...... ___ - ___ _ 
12 64 W. S. Bayley.------ .... ---- ____ .do------------ _______ _ 
12 65 ----.do-------.-----·-------- Traveling expenses--------
12 66 M. Hackett .. ___ --_--------- ___ -.do -- ____ . ----- _ -- ____ _ 
12 67 ----.do ------- ___ --- -------- Field expenses ___________ _ 
12 68 E. M. Douglas. ____ --------- ____ .do .. _________________ _ 
12 69 _____ do--------------------- Traveling expenses ...... .. 
12 70 'f. M. Bannon ___________ ---- Fieldexpenses _______ ------
1!1 71 R. C. McKinney---------··- ____ .do------------ _______ _ 
15 72 Nat'fyler,jr _______________ ..... do--------------------
15 73 W.S.Post-------·---------- _____ do--------------------
15 74 R.H.Chapwan .................. do--------------------
15 75 -- __ .do .. __ ._, ....... _ .. _ ---- ___ .. do _____ -- _ ----- ______ _ 
15 76 Thos. Lovell. ____ . __ .•. _ _ _ _ _ Hire of transportation. ___ _ 
15 77 W.H.Lovcll _______________ Fieldexpenses .......... .. 
15 78 A.II.Brool<s --------------- _____ do--------------------
15 79 JosephA.Taff ______________ ..... do--------------------
15 80 Wm.B.Clark -------------- Pay, September, 1895 ...... 
15 81 E. B. Clark .. __ .. __ .... _ . __ . Field. expenses ___ .. ______ _ 
15 82 E. C. Barnard .. __ ... ______ - __ . _ . do _____ .. __ . _ ..... ___ . 
15 83 .... Jlo --------------------- _____ tlo --------------------
15 84 II. B. Blair------_---~------ ____ .do------ _____________ _ 
15 85 C.C.Bassett --------------- _____ do--------------------
16 86 W.S.Wallace ______________ ..... do--------------------
16 87 ..... do. ____________________ ..... do--------------------
16 88 .Jno. H. Rcnshawe _ ......... Traveling expenses _______ . 
16 89 GeorgeGraharn _____________ Pay,Oet. 1-6,1895---------
16 90 R. B. Marshall.-----.- ... --- Field expenses _ ... _____ -
16 91 · G. E. Hyde --. ·- ........ - ---- Traveling expenses _______ -
16 92 __ .. _do . _. _.-- --- .. - -- _ .. --- Field expenses ____ ...... .. 
16 93 S. S. Gannett----------_---- ____ .do----------------·----
16 94 W. G. Griswold----------------- .do------ ____ ----------
16 95 ..... do--------------------- Traveling expenses _______ _ 
16 96 E.J.Owenhonse ____________ Subsistence. _____________ _ 
16 97 J.E. Wolff----------------- Traveling expenses ....... . 
16 98 _--. _do _ ------ ---.-- ---- ---- Fielrl exiJenses __ . ___ . - ... -
16 99 ____ .do.-------------------- Services, September, 1895 .. 
16 100 Wm,l-1. Hobhs. __ ... ---- --- _____ .do . _____ ------ ____ ... . 
16 101 H.W.Tnrner _______________ :Fielclexpeuses .......... .. 
16 102 W. Lindgren .. _____ -------- ____ .flo __________ ........ .. 
16 103 C. Whitmnn Cross ...... ---- ____ .do ______ ------ _______ _ 
16 104 :Fred. H. Mciffctt - _ .. -- _. -·-. _ Traveling ex1)enses _ .... __ . 
16 105. 'r.NelsonDale ................... do--------------------

.Amount. 

$2.70 
68.15 
22.50 
92.30 
3.00 

14.00 
10.50 
5.00 
4.00 

49.95 
96.25 
97.<14 
66.80 
82.64 
4.50 

124.47 
52.65 
13.25 
45.70 
2.28 

101.75 
31.60 

170.75 
136.08 
152.68 

9.75 
221.40 

64.46 
16.00 
33.25 

104.51 
1. 75 

91.64 
120.00 
51.28 
79.16 
79.44 

226.80 
135.38 
20.85 
19.50 
35.50 
6.77 

112.11 
21.50 

113.28 
45.85 
33.75 
60.90 
32.25 
11.30 
37.71 

110.00 
150.00 
66.70 

165.01 
104.56 

10.33 
16.10 
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Abst1·act of disbursements made by C. D. Davis, special disbursing agent, United States 
Geological Sur·vey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

._,,: 
nato of ~~ payment. zg 

~ 

Oct. 17 106 
17 107 
17 108 
17 109 
17 110 
17 111 
18 112 
18 113 
18 114 
18 115 
21 116 
21 117 
21 118 
21 119 
21 120 
21 121 
21 122 
21 123 
21 124 
21 125 
2·1 126 
24 127 
24 128 
24 129 
24 130 
24 131 
31 132 
31 133 
31 134 
31 135 
31 136 
31 137 
31_ 138 
31 13tl 
31 140 
31 141 
31 142 
31 143 
31 144 
31 145 
31 146 
31 147 
31 148 
31 149 
31 150 
31 151 
31 1G2 
31 153 
31 154 
31 155 
31 156 
31 137 
31 158 
31 159 
31 160 
:31 161 
31 162 
31 163 
31 164 

OcTOBER, 1895-Continuetl . 

To whom paid. For what paitl. 

C. W.Haye s . . . . .. .. . . .. . .. . Field expenses ........... . 
Walter H. 
Geo. C. Ca 

Weed,..... .. .. .. Services, September, 1895 .. 
rter.. . . . . .. . . . .. . .. ... do ........... " ...... .. 

W.L.Mille r . . . . . . . . . .. . .. .. Fie](! expenses ........... . 
Redick H. McKee ................ do ............ 00 •••••• 

..... do 
C. W.Good 
.: ... do .... 
..... do .... 
Chas. B. Gr 

...................... do ........ 00 ........ .. 

love .. __ .............. do .................. .. 
...................... do ................... . 
....... ------ ..•. Services, Septemllflr, 1891 .. 
een...... .. . . .. .. Services, Aug. aml Sept. ,'95. 

E. •r. Perki ns . .. . . .. . . . . . . .. Field expenses ........... . 
W.R.Herr Oil. ................... do .................. .. 
..... do .... ...................... do .................. .. 
Jas. L. ,Joh llSOlL ................. LJO .................. .. 

I. M.Long. ................. SerYices ................. .. 
A. V.Dougl as .................... do ................... . 
II. C. Hoov er .. .. .. .. .. . .. .. Traveling expenses ...... .. 

..... do .... . .. .. .. .. .. .. .. .. Field expe11ses .... 00 .... .. 

J. K Rpurr ...................... do ................. 00 • 

..... do .... .. .. . .. .. .. .. .. . . Traveling expenses ...... .. 
E. '1'. I'erki ns, jr .. . . . .. . .. .. Field expenses ........... . 
Hersey Mu nroc .................. do .................. _. 
Jno. II. Re nshawe ............... do ......... __ ........ . 
,J os. Lacros s ..................... do ............ 000, .. .. 

..... do .... ... oo ............ 0000 .do .......... ---·oo .. .. 

.... . do .... .... 00 ................ do .................. .. 
E.M.Doug las .............. Pay, October, 11-l% 000, .. .. 

C. W. Good love .................. (lo ................... . 
Pay roll of employees ............ do .................. .. 

..... do .... ------ ................ do ................... . 

..... do .... ...................... do .................. .. 

..... do .... ...................... do ............ --oo .. .. 

.. .. . do .... ...... ____ ............ do .................. 00 

..... do .... 
-

00
-------------- ..... do ............ ----- .. 

Frank Twe 
Pay roll of 

edy ..... __ . .. .. . Field expenses ........... . 
employees.. . . .. . Services, October, 1895 ... .. 

____ .do .... ___ ................... do .................. .. 
..... do .... ----------------- ..... (10 -------oo•oo·-------
..... do .... 0 ..................... do ...... ·oo--- ...... .. 
..... do .... ...................... do ................... . 
..... uo .... ...................... do .................. .. 
..... do .... ... ...... ____ ......... do .................. .. 
..... do .... ... ------ ............. do ............ ---- ... . 
..... do .... ...................... do ................... . 
..... do .... ... ------ ............. do ................... . 
... ' .. do .... ... ...... .... ......... do ...... ____ ......... . 
..... do .... ...................... do .................. .. 
J. S. Clemr 
Fre(lH. Mo 
H. '\V. Tnrn 

ner . . . . . . . . . . . . . . Services, September, 1895 .. 
ffett............. Services, October, 189G .... . 
er .................... do ....... __ ........ · ... 

F. L. Rauso me ................... do ................... . 
Nelson H. Darton ................ do ................... . 
W.Lindgr 
T. Nelson 1 

en .................... do ...... ______ ....... . 
)ale ................... do .................. .. 

..... do .... ...................... do ______ ............. . 
Pay roll of employees ............ do .................. .. 
W.S. Wint ers . .. .. .. . .. .. .. Snbsistenee .............. . 
S. S. Gannc tt . . . . . . . . . . . . . . . Field expenses ........... . 

..... do .... .. . .. .. .. .. .. .. .. Traveling expenses ...... .. 

.Amount. 

$88.19 
163.00 
45.00 
13.00 
57.00 
35.00 
2.00 

12.50 
41.58 

Hi5. 80 
162.93 
63.25 
68.40 
5.80 
1. 50 
4.68 

2!!.50 
10.25 

223.10 
5.00 

69.GO 
79.76 
20.25 
26.25 
26.25 
26.25 

210.60 
75.80 

379.80 
303.20 
357.90 
259.80 
281.60 
311.60 
47.84 

286.60 
325.60 
2fJ9.80 
317.90 
226. 10 
2fJ5.60 
201.60 
314.66 
228.70 
235.90 
195.17 
160.00 
11.66 
9.68 

168.50 
75.00 

151. 60 
185.30 
168.50 

2.72 
2,267.50 

6.55 
118.10 
67.70 
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Abstract of disbursements nwde by G. D. Davis, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 1895 .AND 1896-Continued. 

0CTOBEH, 1895-Cont.inued. 

Date of 
payment. To whom paid. For what pairl. .Amount. 

----1--- --------------1-------------- ---~ 

Oct. 31 165 
31 Hi6 
31 167 
31 168 
31 16!J 
31 170 
31 171 
31 172 
31 173 
31 174 
31 175 
31 17{; 
31 I 177 
31 178 
31 17!J 
31 180 
31 181 
31 182 
31 183 
31 184 
31 185 
31 186 
31 187 
31 188 
31 189 
31 190 
31 191 
31 192 
31 1!J3 
31 194 
31 195 
31 196 
31 197 
31 HJ8 
31 199 
31 200 
31 201 
31 202 

Harold B. Goourich ......... Traveling expenses........ $4.75 
..... do .......................... do.................... 25.75 
.T. B- \Voodsworth . . . . . . .. . . Pay, October, 18!J5... .. . . . . 50. 00 
Payrollofcmployees ........... do ... ,................ 245.96 

:::: :~~ ::::::::::::::: ::: :::r:::: :~~ ::: ::·::::::::::: :::: ~~~: ~g 
R. C. McKinney ............. 1 ...•• do .. .. .. .. . . ....... ... 134.80 
Jno.ll.Renshawc ............... do.................... 210.60 
s_ S. Gannett .................... \lo .. .... ... . .. .. .. . ... 168.50 

f;;~(}~tt~~~~~~-:: ::::::::: :::: :~~ :::::::::::::::: :::: 1~~: ~g 
Hans C. l:liering ................. do . .. . .. .. .. .. .. .. .. .. 37. 03 
Wm. H. Griffin ............. ·. Field expenses . .. .. . .. .. .. 19. 00 

.. .. do .......................... do ... _-.. .. . . .. .. . . .. . . 19. 50 
Basil Duke ...................... do.................... 19.00 

..... do ........................... do.................... 19.50 
Pay roll of employees....... Pay, October, 1895 . . . . . . . . . 216.10 
..... do .......................... do.................... 369.00 
Robert Muldrow ............ Traveling expenses........ 63.50 
G.'N.Tower ..................... do.................... 5.00 
C. Whitman Cross .......... Services, October, 1895. ... . 202.20 
Wm. Beaman ............... Pay, October, 1H95 ...... . .. 117.90 
FrankSntton .................... do.................... 151.60 
Langley Hall .................... do.................... 30.65 
A. L. Estes ....................... do . . . . . . . . . . . . . . . . . . . . 23. 22 
.T.E. Spurr ...................... <lo .... .... .... .... .... 84.20 
Nat Tyler, .ir .................... clo ............... ·. .... 75.80 
..... do ..................... Traveling expenses........ 36.50 
R. C. McKinney .................. do .. .. .. .. .. .. .. .. . .. . 36. 50 
M. P. Hemlerson & Son...... Storage .. .. . .. . .. .. . .. . .. . 4. 00 
Redick H. McKee ........... Field expenses . .. .. . . . . . .. 51.01 
J os. MacfarlmHl . . . . . . . . . . . . Traveling expenses.. . . . . . . 32. 60 
Pay roll of employee8 ....... Services, October,1895 .... . 117.80 
J.S.Diller .... : ... ~ .............. do.................... 202.20 
C.D.White ..................... do.................... 134.80 
N.S.Shuler ...................... tlo .................... 160.00 
W. S. Bayley ............... Traveling expenses........ 69.74 
M. R. Campbell....... . . . . . . Field expenses ........... ·. 140. 45 

. Total ................. 
1 

............... : ........ ·---121,04o. 5; 

NOVE.MBER 1 1895. 

No\', 2 1 Nat 'l'yler,jr ................ Fieltl expenses .......... .. $39.35 
9,1. 60 
6.50 

138.78 
103.62 
29.50 
4.2.12 
8.72 

6 2 L.C.Fletcher ................... do .................. .. 
2 3 Joseph Macfarland .............. do .................. .. 
4 4 J. H. Wheat ..................... do .................. .. 
6 5 R. H. Chapman .................. do ................... . 
6 6 ..... do ..................... TraYeling expenses ...... .. 
2 7 Nat G. Van Doren .......... Fielci expenses .......... .. 
6 8 ..... do .. .. .. . .. . .. . .. .. .. .. Traveling expenses ...... .. 
2 9 M. Hackett ................. Services, October, 18!J5 ... .. 
2 10 S. Ward Lope!'. ............. Services, .July 15-Sept. H,'95 
2 11 Pay roll of employees ....... Services, October, 18!!5 ... .. 
2 12 G. W. Tower ................ , .... do ................... . 
6 13 Ben. K. Emerson ................. do .................. .. 
6 14 C. D. White ................ Fieltl expenses ........... . 

134.80 
!J6.00 

170.60 
60.00 
75.00 
19.82 
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.Abst1·act of disbursements marie by C. D. Dads, special disbu?·sing age11f, United Stales 
·, · Geological Survey, etc.-Continued. 

GENERAL EXPEJI\SES OF THE GEOLOGICAL RUitVEY, 189o AND 1896-Continued. 

NoVEMRER, 1895-Contiuued, 

-,---,-,---------------,--------

Dateof I ~~ 
payment. ~ ~ 

Tu whom }l:tirl. . For what paid. 

Nov. 6 
6 
8 
8 
8 
8 
8 
8 

17 
8 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

15 
16 
17 
18 
19 

·20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

C. D. 'Vhite................ Tr:weling expenses ....... . 
M. P. Camp belL..... . . . . . . . Services, October, 1895 .... . 
\Vm. B. Clark .................... do .................... < 

Frank Leverett ............... ---do ------ · · ·--- -- · · --··I 
W. S. Bayley.' ................... do .................. .. 
C. R. Van Ilise ................... do .................... 1 

H.Leydler ...................... do .................... ' 
J. Morgan Clements .............. do .................. .. 
Geo. 0. Glavis......... ... .. Services, Oct. 1-18, 1895 .. .. 
Jno. H. Renshawe...... . . . . Field expenses ........... . 
R. C. McKinney .................. do ................... . 
C. ,V.Goodlove .................. do ................... . 
T.M.Bannon .................... do .................. .. 
H. S. '\Vallac.e .................... do ................... . 
..... do .......................... do .................. .. 
C. C. Bassett .................... do .................. .. 
.Joseph Lacross ............. Hire of team ............. . 
..... do .......................... do ................... . 
..... do .......................... do ................... . 
8. E. Cook .................. Pay, OctolJer, 1885 ........ . 
W. T. \Valker .................... do .................. .. 
L. C. Fletcher.............. Field expeuses .......... .. 
E. 'I'. Perkins, jr ................. do .................. .. 
W. T. Griswold .................. rio ................... . 

..... do ..................... Traveling expenses ...... .. 
R. U. Goode ..................... do .................. .. 
California Warehouse Co... Storage .................. . 
L. ,V. Estes................. Pasturage ................ . 
J. Bixley & Co .................. do .................. .. 
W. T. Reid ................. Services .................. . 

45 E. Knight.......... .. .. .. .. Hire of horse ............ .. 
46 A. C. Reck ling.............. Supplies ................ .. 
47 W. S. '\Vinters .......... --~- Subsistence .............. . 
48 'V- H. Joren................ 'Traveling expenses ...... .. 
49 M. Hackett ...................... do .................. .. 
50 Hersey Munroe...... . .. . .. . Field expenses ............ . 
51 Gilbert Thompson ............... do ................. _ .. . 
52 W. H. Lovell. ......... ____ ...... tlo .................. .. 
53 Jas. McCormick ................. do ................... . 
54 A.liJ. Walker .................... do .................. .. 
55 S. 'Vard Loper ... _.. . . . . . . . . Traveling expenses ....... . 
56 G.H.Storrs ................ Pa.y,Oct.1-Nov.6,18D:'5 .. .. 
57 Peter .Johnson ................... do .................. .. 
58 C. K. Leith ................. Pay, October, 1895 ....... .. 
59 Paul Halrnan ............... Field expenses .... _ ....... . 
60 Wm. H. Griffin .................. do .................. .. 
61 ..... do .......................... do .................. .. 
62 !<'rank Sutton .................... do .................. .. 
63 A. E.Murlin ..................... do .................. .. 
64 ..... flo .......................... do .................. .. 
65 Merrill Hackett ................. do .................. .. 
66 Redick H. McKee .......... _ ..... do .................. .. 
67 ..... do • .. .. .. .. . .. • .. .. .. .. Traveling expenses ...... .. 
68 ,Y, L.Miller ..................... do .................. .. 
69 C. ,V, Hayes .......... ____ ....... do .................. .. 
70 ..... do .......................... do .................. .. 
71 W. Lindgren............... Fiel(lexpenses ............ . 
72 W. H. Turner .................... do ................... . 
73 Samuel 'Veidman ............ 1 Pay, October, 18!!5 ....... .. 

Amount. 

$30.00 
151.60 
90.00 

135.00 
75.00 

200.00 
92.50 

108.00 
41.09 
17.25 

136.04 
4.00 

176.11 
43.50 
16.50 

196.58 
22.75 
22.75 
22.75 
40.00 
45.00 
31.25 
66.25 
84.00 
98.40 

155.15 
5.00 

10.50 
14.00 
24.00 
23.25 
2.10 

20.60 
4.77 
3.84 

18.50 
40.75 

128.76 
17.75 

107.22 
53.27 
53.33 
54.00 
37.!10 

17!!.45 
46.50 
18.!10 
43.56 
78.26 
29.58 

107.21 
17.68 
35.25 
28.10 
1<1.::!0 
27.25 

201.20 
8'8.70 
29.03 
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Abstract of disbursements made by C. D. Dat•is, special disbu1·sing agent, C:nited States 
Geological Survey, etc.-Continued. 

GENERAL EXPENf!ES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

Date of 
11ayment. 

·-----

No~: 13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
16 
15 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
18 
22 
22 
25 
25 
25 
25 
25 
25 
25 
26 
26 
30 
30 

74 
75 
76 
77 
78 
7!1 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

N OVEMBER1 1895~-Continued. 

To wborn paid. For what paid. 

John H.Starck ....... : ..... Trays ................... .. 
T. Nelson Dale .............. Field expenses ............ . 
C. R. VanHise ................... do ................... . 
Chas. A. Coryell............ Hire of team ............. . 
Robt. Muldrow............. Fiehl expenses ............ . 
L. H. Barnett............... Services, Nov. 1-7,1895 ... . 
T. F. Higgenbotlmn. . . . . . . . . ~ervices, Oct. 26-31, 1895 .. 
W. G. Rowland . . . . . . . . . . . .. Subsistence ...... · ........ . 
H. E. Wallace .............. Pasturage ................ . 

if. 'Y: ]'~~~:~;; ~::: :-::: :::: :-: :::: : ~~ ::: ::: :::::: :::: :::: 
G. E. Hyde ................. Traveling-expenses ....... . 

••... do ..................... Field expenses ............ . 
Wm. H. Herron .................. do ................... . 
J. E. Spurr ...................... do ................... . 
.Jno. H. Renshawe...... . . . . Traveling expenses ....... . 
'l'.M. Bannon .................... do ................... . 
..... do ..................... Fieldexpenses ............ . 
E. C. Barnarcl ................... do .............. · ..... . 
..... do . . . . .. . . . . . . . . . . . . . . . . .... do ................... . 

R. B.Marshall .................. do .................. .. 
Redick H. McKee ................ <lo .................. .. 
W. L. Miller ..................... rlo ................... . 
.J. ,V, Thorn ..................... uo .................. .. 

·R. Guy Foster .............. Pay, Nov.l-4-, 1895 ....... .. 
J. H. Wheat ................ Trnveling expenses ...... .. 
II. C. Hoover ............. · .. ~'iehlexpenses ........... .. 
H. W. Turner ............... Traveling expenses ....... . 

____ .do .......................... do .................. .. 
F. C. Schrader .............. Services, Oct. 29-31, 1895 .. 
J. E. Spurr.... . . .. . . . . . . .. . l<'ield expenses ............ . 
Robt. T. Hill ............... Traveling expenses ....... . 
Geo. C. Ca.rter.............. Services, October, 18!!5 .... . 
Basil.Duke ......... ·........ Field expenses ........... .. 

..... do .......................... do .. · ................. . 
·---.do _. ____ .. _. ___ ---- ____ Traveling expense:~L ___ ----
.Tno. H. Renshawe ............... do ................... . 
A. B. Searle ..................... do .................... · 
'Vm.H.Griffin ................... do ...... ·'···· ...... .. 
Frank Tweedy ................. :.do .................. .. 
..... do ..................... Fielclcxpenses ........... .. 
...•. do .......................... do ................... . 
W. T. Griswold .................. do ................... . 
Hersey Munroe ..... ____ ......... do ................... . 
William Johnson .•••... _... Services, November, 1895 .. . 
N.H. Darton ................ Traveling expenses ....... . 
..... -do . . . . .. . . .. . . . . . . . . . . . Field expenses ........... . 

~.Ii~;J~~~~~:: ~~::~::::: :::_: ::~~ ::::~~::~::::: :::::: 
Wm. H. Herron .................. do .................. .. 
...•. do .......................... rlo ................... . 
S. S. Gannett .................... do ................... . 

..... do ..................... Traveling expenses ....... . 
Robt. D. Cnmmin ........... l<'ieldexpense~------- ..... . 
C. ·whitman Cross .......... Traveling expenses ....... . 
E. C. E. Lor•l. ................... do .................. .. 
Pay roll of employees ....... Pay, November, 18!!5 ...... . 
..... do .......................... do ................... . 

Amount.. 

$3.75 
6.17 
3.55 

14.00 
142.37 
11. BO 
5.00 

117.84 
11.47 
6.00 

18.00 
29.BO 

161.70 
58.70 

238.32 
150.79 

9.45 
88.19 
82.10 

124.70 
191.53 
37.52 
4.75 

130.85 
6.66 

24.30 
26.30 
10.60 
90.85 
5.00 

50.00 
90.95 
60.00 
4.3.50 
18.50 
36.00 

111.65 
36.28 
36.00 
35.10 
62.04 
54.90 

111.37 
61.51 
15.16 
35.91 
38.50 
98.20 
4.00 

58.20 
65.45 
90.15 
55.30 
89.36 

100.55 
93.50 

212.8.0 
255.40 
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.Abstract of disbursements made by C. D. DaviB, special disburBing agent, Unitetl State8 
Geological Survey, eto.-Continued. 

GENERAL EXPENSES OF TilE GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

Date of 
payment. 

Nov. 30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

NovEMDIJ:R,_1895-Cunt.inned. 

____ T_o_w_h_o_m_p_a_i_<l_. ____ l ___ · _F_• "_r_w_h_a_t I->a-i-rl. __ . _I A"'"""'·-

132 R. H. Chapman ............. Pay, November, 1895 .... .. 
133 J. L. Windham .................. do ................... . 
134 Pay roll of employees ............ do .................. .. 
135 ..... do .......................... do ................... . 
136 ..... do .......................... do .................. .. 
137 ..... do .......................... <lo .................. .. 
138 GlenS. Smith .................... do .................. .. 
139 .T. H. 'Vheat ..................... do .............. _ .. .. 
140 Pay roll of employees ............ do .......... _ ...... _ .. 
141 ..... do .......................... do ................... . 
142 Pay roll of employees ....... ·_ .... do ................... . 
143 E.T.Perkins,jr ................. do .................. .. 
144 S. S. Gannett .................... do .................. _. 
145 Duncan Hanuegan ............... do ... _ ........ _. _ ... . 
146 W. Lindgren.: .................. do .................. . 
147 G. W. Tower ..................... do .................. .. 
148 J.E. Spurr ...................... do .................. .. 
149 T. Nelson Dale ................... do .................. .. 
150 Pay roll of employees ............ do .................. .. 
151 F. L. Ransome...... . . . . . . . . Traveling expenses .... ___ . 
Hi2 ..... do . .. .. .. .. .. . . .. .. .. .. Sen ices, November, 18\!5 ... 
153 Duncan Hannegan.......... Traveling expenses ..•..... 
154 Arthur Keith............... Services, Oct. and Nov., 1895 
155 Pay roll of employees....... Services, November, 18!15 .. . 
156 ..... do .......................... do .................. .. 
157 E. M. Douglas...... . . . . . . . . Traveling expenses ....... . 
158 ..... rlo .. .. .. .. . .. . .. .. .. .. Field expenses .......... , . 
159 ..... do .......................... do ................... . 
160 H. B. Blair ...................... rlo ................... . 
161 E. C. Barnard ............... Services, No,·ember, 1895 .. . 
16:! W.H.Otis ....................... rio .................. .. 
163 J. G. Hefty ....... _ .............. do .................. .. 
164 W. V.Hardy ..................... do .................. .. 
165 H. G. Heisler .. _._ ............... do ................... . 
166 N. F. Drake ...................... do .................. .. 
167 h C. Fletcher ................... do .................. .. 

1~~ : ~~~i~~ ~~~~e~~~::::::: ~ ~: t::: : ~~ : ~:::: :::::::::: ~::: 
171 ,V, Hyndman....... .. .. .. .. Storage .................. . 
172 J.M.Wbitman, jr ... - _ ...... Pay,Nov.l-28, 1895 ...... .. 
173 Payrollofemployees ............ do .................. .. 
174 ..... do ......................... .rlo ................... . 
175 .Jas. McCormick .. _ ......... Field expenses .......... .. 
176 J. H. Wheat ..................... do_, ____ ............ .. 
177 l\I. R. Campbell ........ _.... Traveling expenses ...... .. 
178 N. S. Shaler ................. Pay, November, 18!:15 ..... .. 
179 J. B. Woodswort!J. .......... Services, November, 1895 ... 
180 .Jno. R. Walsh ..... : ............. do .................. .. 
181 J as. S. Stone.... .. .. .. .. . .. . Pasturage ................ . 
182 C. Whitman Cross . . . . . . . . . . Field expenses ........... . 
183 ..... do .......................... do .................. .. 
184 W. 8. Post .................. '!'raveling expenses ...... .. 

Total 

$130.40 
21.00 

220.40 
251.60 
187.60 
212.00 

60.00 
97.80 

235.40 
314.20 
382.00 
130.40 
163.00 
81.60 

179.40 
60.00 
81.60 

168,00 
63.66 
43.63 
75.00 
39.30 

331.50 
3, 117.80 

309.80 
304.25 
47.30 
47.75 

171.84 
146.80 
75.00 
34.50 
29.33 
45.00 
50.00 

146.80 
98.53 

6. 75 
9.50 
5.00 

46.67 
203.20 
81.60 
57.10 
52.67 
41.10 

150.00 
50.00 

114.20 
15.10 

120.51 
20.50 
78.55 

:----
17, 61H. 23 
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Abstract of disbursements 1na£le by C. D. Davis, special disb~trsing agent, United Stntes 
Geological Survey, etc.-Contiriueu. 

GENERAL EXPENSES OF THE GEOLOGICAL SURVEY, 18~5 AND 189&--Continued. 

Date of 
payment. 

Dec. 5 
4 
5 
5 
5 
5 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
12 
1:J 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

\ 35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
•19 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

DECEMBER, 1895. 

To whom :paid. For what paid. 

H. B. Blair . . . . . . . . . . . . . . . . . Traveling expenses ....... . 
..... do . . . . . . . . . . . . . . . . . . . .. Field ~xpen~cs ........... . 
raul Holman .................... flo ................... . 
C. C. Bassett .................... do .................. .. 
L. C. Fletcher ................... do .................. .. 
W.S.Post ....................... do ................... . 
E. C. Barnanl ................... do ............. _ ..... . 
E. T. Perkins,jr ............ 'l'raveling expenses ....... . 
J. Bixley & Co ............. Pasturage ............... .. 
M. P. Henderson...... .. . .. . Storn.ge .................. . 
L. '\V. Estes ................ Forage ................ _ .. . 
Rice & Gill .. _ .............. Meat ............ ___ ...... . 
W. T. '\Valker ............... Forage and storage ...... .. 
W. S. '\Vilson ...... ·......... Subsi,tence .. : .. ..... _ .. .. 
Robt. Muldrow............. 'fraveling expenses ....... . 
Albert Pike ..................... do .................. .. 
..... do ...... _.............. Field expenses ........... . 
Hersey Munroe .................. do ............. __ ... _. 
..... do ..................... Traveling expenses ....... . 
S. S. Gannett . .. .. .. . .. . .. .. Field expenses .......... .. 
Charles}~. Peet............. Traveling expenses ..... _ .. 
J. E. Spurr....... . .. . .. . .. . Field expenses ........... . 
C. R. VanHise .................. do .................. .. 
..... do ........ · ..... _ ... _ ... Services, Novewl.Jer, 1805.:. 
J. Morgan Clements ............. do .................. .. 
Ernest Blackburn ............... flo .................. .. 
Ben. K. Emerson ................. do ............. _ ..... . 
Wm. B. Clark ................... do .......... _ ....... .. 
C. K. Leith ...................... do ................... . 
L. 1\;L Haskins .............. Serviees,Oet. andNov.,18fJ5 
M. A .. Johnson . .. .. . .. . .. .. . Pasturage ............... .. 
M. R. Campbell............. Traveling expenses .... _ .. . 
..... do .......................... do ................... . 
E. C. Barnard ................... do .................. .. 
L.C.Fletcher .................. <lo ................. .. 
G. E. Hyde ...................... do _ ................. .. 
G. E. Hyde ................. Fielrl expenses .......... .. 
W. S. Post ...................... do ................... . 
W. G. Rowland............. Subsistence ............. .. 
E. Knight .............. _ ... Hire of horse ............ .. 
California'\VarehonseCo .... Storage ......... -
Jno. Hunton ............... Forage .................. .. 
'\V. H. Lovell ............... Traveling expenses ...... .. 
Gilbert Thompson ....... _.. Field expenses ........ _ .. . 
'\V. B. Kelley....... .. .. .. .. Storage ........... _ ...... . 
S. E. Alston................ Hire of transportation .. .. 
N. H. Darton ............... Traveling expenses ...... .. 
vY. S. Bayley............... Pay, Noveml.Jer, 1895 ...... . 
F. C. Schrader ................... do .................. .. 
Frank Leverett .................. do ................... . 
'\V. T. Griswoltl. ............ Field expenses ........... . 
.... :do . . .. .. . . . . .. . . .. . .. . . Traveling expenses ....... . 
A. M. '\Valker ................... do ................... . 

. i \J:o,l'.h~~ ~ ~:::::::::::::: -~~i~~~i~~~~~:~.e~-: :,:::::::::: 
Robt. Muldrow ... _ .............. do ............ __ ..... . 
Henry Stew:trt Gane........ Traveling expenses. __ . _. __ 
Jas. :tlfcCorruick ................. do .................. .. 
'\V. H. Lovell. . .. .. . . .. . .. .. Fielcl expenses ........... . 
A. R. Searle ..................... do ........... _ ...... .. 

Amount. 

$46.50 
115.04 
152.90 
183.30 
75.79 

251.30 
152.85 

65.65 
H.OO 
4.00 
8.17 

H.!J5 
50.00 
16.10 
12.00 
16.00 
7.25 

46.90 
17.50 
60.14 
64.29 

134.74 
6.50 

200.00 
100.00 
58.00 
70.00 
65.00 
39.25 

100.00 
18.00 
3.55 

19.55 
118.50 
109.75 
36.45 
96.35 

116.55 
129.63 
22.50 
5.00 

17.25 
5.25 

55.20 
5.00 

15.00 
43.80 
75.00 
12.00 

130.00 
85.70 
98.55 
2.25 

79.40 
87.80 

138.42 
141.30 
19.38 

133.05 
70. 14 
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Abstract of disbursements nwde by C. D. Davis, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICA I. SURVEY, 1895 AND 1896---Continued. 

.... .: 
Date of 0~ 

payment. ·o 

~~ 
------

Dec. 12 61 
12 62 
12 63 
16 64 
16 65 
16 66 
12 67 
16 68 
16 69 
16 70 
16 71 
16 72 
16 73 
16 74 
16 75 
16 76 
16 77 
19 78 
19 79 
18 80 
18 81 
19 82 
19 83 
19 84 
20 85 
21 86 
21 87 
23 88 
23 89 
26 90 
26 91 
26 92 
28 93 
28 94 
28 95 
28 96 
31 97 
31 98 
31 99 
31 100 
31 101 
31 102 
31 103 
31 104 
31 105 
31 106 
31 107 
31 108 
31 109 
31 110 
31 ·111 
31 112 
31 113 
31 114 
31 115 
31 116 
31 117 
31 118 

DECEMBER, 1895-Contin•Ied . 

To whom l'aitl .. For what paid.· Amount. 

-------------- --------- ----

Gilbert Thompson . . . . . . . . . . ~'ield expenses ........... . 
..... do ..................... Traveling expenses ....... . 
IV. H. Otis ...................... do ................... . 
Geo. H. Eldridge ................ do .•.................. 
..... do ......................... do ................... . 
..... do ......................... <lo ................... . 
Robt. D. Cummin ............... do ................... . 
M. Hackett ..................... do ...•...•............ 

..... do .......................... do ................... . 

...•. do .......................... do ................... . 
A. E. Murlin . . . . . . . . . . . . . . . Field expmlSes ........... . 
..... do .......................... do ................... . 
'Vm. H. Herron .................. do .. _ ............... .. 
H. H. Marshall ................... <lo .................. .. 
R. II. Chapman .................. do ................... . 
..... do . .. . . . . .. . . .. . . . . .. . . Traveling expenses_ ...... . 

. ~~~~tt.~~~i ~~; ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~; J 

..... do . . . . . . . . . . . .. . . . . . . . . Field expenses ........... . 
J. E. Spurr ........ :. . . . . . . . Traveling expenses ....... . 
B. F. Rice, jr...... . . . . . . . . • . Services, Dec. 1-15, 1895 .. .. 
Willis Storrs............... Services, Dec.1-13, 1895 .. .. 
Hans Hiering. . . .. . . . . . . . . . . Pasturage ............... .. 
"\V. C. Mendenhall....... . . . . Traveling expenses ....... . 
Paul Holman .................... do .......•.•.......... 
C. C. Bassett ..................... do ................... . 
Lotus F. Garrard, Jr ........ Pay, November, 18!J5 ...... . 
Oscar Jones ................ Pay, Dec.1-7, 1895 ........ . 
.Jno. H. Carlock .................. do .................. .. 
..... do .................... : Traveling expenses ...... .. 
A. M. Walker ................... _do .................. .. 
S. S. Gannett . .. .. .. . . .. . .. . Field expenses ........... . 
..... do ..................... Traveling expenses ....... . 
A. 1\f. Walker ............... Field expenses ........... . 
J. Z. A ken .................. Forage ................... . 
N.H. Dunn ...................... do .................. .. 
James Marsl1all .. .. .. . . . . . . Storage .................. . 
E. W. Watkins .................. do .................. .. 
M. Hackett .... ~-- .......... Field expenses .......... .. 
Pay roll of employees ....... Pay, December, 1895 ..... .. 
..... do .......................... do .................. .. 
..... do .......................... do ................... . 
T.NelsonDale ................... do .................. .. 
W.Liudgren .................... do .................. .. 
J. B. Woods worth ................ do ....... _ .......... .. 
Pay roll of employees ...... _ ... _do .................. .. 
G. W. Tower ..................... do .................. .. 
H. C. Huut ................. Care of stock ............ .. 
Clarence Ritter....... .. .. .. Forage ................... . 
William 0. Campbell....... Pay, Jnly 1-Dec. 31, 1895 .. 
Louis F. Garrard, jr......... Traveling expenses ....... . 
C. C. Bassett............... Field expenses .. : ....... .. 
Robert Mnl<lrow . .. .. .. .. .. Pay, December, 1895 ...... . 
GlennS. Smith .................. do .................. .. 
Pay roll of emplo~·ees ........... do .................. .. 
..... do ...••.•................... do ................... . 

$6.25 
14.40 
10.55 
65.90 

103.24 
64.92 
18.75 
3.05 

27.50 
88.13 
57.30 
16.85 
37.05 

186.06 
65.70 
35.75 
28.25 
16.77 

1. 92 
33.92 
11.92 

164.50 
24.19 
16.77 
4-5.40 
35.85 
4-0.95 
24.25 
73.40 
11.29 
9.03 
2.42 
6.85 

174.10 
23.25 
58.05 
16.77 
68.25 
3.00 
4.00 
5.66 

159.48 
216.10 
219.00 
168.50 
185.30 

50.00 
3,534-.67 

60.00 
35.10 
45.60 
24.00 
53.50 
99.29 

117.90 
60.00 
85.14 

174.81 

Total ........... __ ............................... 
1 

1L 028. 99 

• 
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Abstract of disbursements made by C. D. Davis, special disbnrsing agent, United States 
Oeological Burney, etc.-Continuecl. 

GRNERAL J£XPRNSES OF THE GEOLOGICAL STJRVJ<:Y, 1895 AND 1896-Continncd . 

.f ANUARY, 1896. 

Date of 
}Jaymcnt. 

.Jan. 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
9 
6 
9 
9 
9 
9 
9 
9 
9 

To whom paid. For what paid. 

1 .Jno. Tannehill ............. Storap;e ................ ---
2 D. W. White ....... ---- .... Forage .................. .. 
3 C. A. Gunders•·ll...... . . . . . . Pay, Decem her, 1895 ...... . 
4 J. L. Windham ................. do .................. .. 
5 D. L. Fairchild .................. do .................. .. 
6 vV. II. Otis ...................... do .................. .. 
7 W. '1'. Turner .................... clo .................. .. 
8 J.G.Pratt .................. Storage .................. . 
9 l\1. P. Henderson & Son .......... do ..... · .............. . 

10 S. ,V, BarnPs . . . . . .. . .. . . . .. Storage and forage ...... .. 
11 H. S. Pritchett...... . . . . .. .. Services .................. . 
12 ,V, G. Lewis,jr ............. Pay, December, 1895 ..... .. 
13 ,J.P. Street & Co .. .. .. . . .. . Storage .................. . 
H ·r. Nelson Dale ... _.. .. .. .. .. Field expenses ........... . 
15 C. W. Hayes ..................... do .................. .. 
16 ..... do .......... : ............... do .................. .. 
17 ..... do .......................... do .................. .. 
18 ..... do ..................... Tmvelingexpenses ....... . 
19 ..... do~ ......................... do .................... ' 
20 C. R. VanHise .............. Pay, December, 1895 ....... 1 
21 J. Morgan Clements ............. do .................. .. 
22 \V.S.Bayley _______________ ..... do--------------.-----
23 C.K.Leith ...................... do ................... . 
24 E. P. l\Ianrer .................... do .................. .. 
2;) . S:uimel 'Vieflman ................ do ................... . 
26 L.J.Keng ....................... do .................. .. 
27 N. S. Shaler ..................... do ................... . 
28 Arthur Keith ............... Field expenses ........... . 
29 .T. \V. Thom ..................... do ................... . 
30 Thos. Hom·er...... .. . .. . . . . Storage .................. . 
31 Fred Stifter ................ Pasturage ............... .. 
il2 E.P.Kaye ....................... do .................. .. 
33 ..... do .......................... do ................... . 
34 U. K Hyde .. .. .. . .. . .. . .. .. Field expenses .......... .. 

~~ -'-v~~rr.- H:~;l:~~::::::::::::: -~~~~~f~i~~- ~~?.~~~~~ ::::::::I 
37 ..... do ..................... l<'ielu expenses ........... . 
38 ,V, J. Lloyfl ................ Traveling expenses ...... .. 
39 ..... do .......................... clo ................... . 
40 ,V, T. Walker ............... Storage arid forage ...... .. 
41 C.R. VanHise .............. Fiehl expenses ........... . 
42 ..... do ..................... Traveling expenses ...... .. 
43 H. ,V, Tnrner ............... FielU expenses ........... . 
44 Frank Leverett ............. Pay, Decernuer, 1895 ...... . 
45 Arthur Keith ............... Traveling expenses ...... .. 
46 ..... do .......................... do .................. .. 
47 ..... do .......................... do .................. .. 
48 R. B. Marshall ................... do .................. .. 
49 Ernest Blackburn . . . . . . . . . . Services, December, 1895 .. . 
50 Ben K. Emerson ................. do .................. .. 
51 C. W. Hayes...... . . .. .. .. .. Field expenses .......... .. 
52 ..... do .......................... do ................... . 
53 J.E.Spurr ...................... do .................. .. 
54 Harold B. Goodrich .............. do .................. .. 
55 ..... do .......................... do ................... . 
56 ..... do . . . .. .. . .. . .. .. .. .. .. Traveling expenses ...... .. 
57 ..... do .......................... do ................... . 
58 M.A. Johnson .............. Foraging ................ .. 
59 J.Bixby&Co ................... do ................... . 

Amount. 

$8.75 
15.83 
il5.00 
35.00 
75.00 
75.00 
60.00 
4.50 
4.00 

60.94 
50.00 
35.42 

1. 61 
. 50 

3.23 
35. 70 
44.40 
32.95 
24.75 

220 00 
92.00 
60.00 
44.25 
35.25 
23.25 
10.60 

180.00 
10.40 

173.62 
35.00 
83.!10 
13.54 
34.66 
70.15 

137.00 
52.25 
60.05 
52.25 
6.00 

50.00 
6.70 

32.42 
21.85 

125.00 
91.15 

131.61 
13.95 

113.75 
28.00 
65.00 
66.20 
22.50 
68.37 
18.35 
11.00 
8. 75 

33.05 
42.00 

4.50 



190 REPORT OF THE DIRECTOR. 

Abstract of disbursmncnts made by C. D. Da1:is, special disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERA T, EXPENSES OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continue<l. 

Date of 
payment. 

Jan. 9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
11 
10 
14 
16 
16 
16 
17 
17 
17 
21 
21 
21 
21 
21 
22 
22 
22 
22 
24 
24 
24 
24 
24 
24 
25 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
29 
30 
27 
30 
30 
30 
30 
30 

JANUARY, 1896-Continued. 

To Whom paill. For what paid. 

60 John Johnson .............. Foraging ................. . 
fH L. W. Estes ............. ---- ..... do ........ ·----··----· 
62 California.WarcbouseCo .... Storage-···--··----------· 
63 Humphries & Co ..... ·----· Supplies ................. . 
64 . _ ... tlo ... _... . . . . . . . . . . . . . . ~·oraging ...... ___ . __ .. __ .. 
65 N. H. Darton ............... Travelin-g expenses .. _____ . 
66 ,V. H. Lovell ......•.............. do ................... . 
67 ..... do . . . . . . . . . . . . . . . . . . . . . Fiehl expenses ........... . 
68 A. H. Searle .... : .........••. ---- .do ................... . 
69 Robertl\lnldrow ................ :do ................... . 
70 ..... rlo . . . . . . . . . . . . . . . . . . . . . Traveling expenses ....... . 
7.1 .Jas.L.Johnson ···--·--·--- ..... do ................... . 
72 ..... do . . . . . . . . . . . . . . . . . . . . . Field expenses_ ........... . 
73 Chas. E. Peet ........ --- .... Traveling expenses __ ._ ... . 
74 Wm. 'Vilki11son . . . . . . .. . .. . Foraging ................ · .. 
75 Anna .T. Grngan ................. do .......... __ ....... . 
76 Samuel F. Alston........... Foraging, etc ............. . 
77 Aug. F. Foerste.......... ... . Services, July, 1895 ....... . 
78 ..... do ..................... Travclmg expenses ....... . 
79 ..... do .......................... do .................. .. 
80 Harold H. Goodrich......... Field expenses .... _ ....... . 
81 ..... do . _ ........................ do ................... . 
82 Joseph H. Perry ............ Pay, Sept.1-Dee. 31,18fl5 ... 
83 '1' • .M. Alvord ............... Pasturage ............... .. 
8-! 'V. 1:\andercoek _ . . . . . . . . .. .. Rtorage ..... __ .. _ ........ . 
85 A.G.Ericsson .............. Pasturage ........... : ... .. 
86 vVm. Hyndman ............. Storage .................. . 
87 D. L. Fairchild ............. Traveling expenses ..... ~ .. 
88 J. B. '\Voodsworth ............... do ...... ----·' ...... .. 
89 J. H .. Jennings .................. do ................... . 
90 A. B. Searle. __ .. _ ............. __ do ..... _ ............. . 
91 ..... do .. . .. . . . . . . . . . . . . . . . . Fielcl expenRes ............ . 
92 .J. .M. Whitrnan,jr .......... Pay, Jan.8-17, 1896 ....... . 
93 ,V.J.Houston,jr ........... Pay,Dec.l-17,1895 ....... . 
94 Henry.J. KnmmelL ......... Pay, January,1896 ...... .. 
95 W. ],indgren ............... Traveling expenses ....... . 
96 ,V, H. LovelL ................... <lo ... __ ... ____ ...... .. 
97 ..... do ____ .. _ ............ __ Field expenses ............ . 
98 '\V. J. Houston, jr. ....... __ . Traveling expenses ....... . 
99 J. \V. Thorn ..................... do ............ __ ..... . 

100 ..... do .... ·--- .......... ____ ..... do ............ __ ..... . 
101 .. _ .. do _. _____ ................... do . ~ ................. . 
102 R. B. Marshall.............. Field expenses. ______ ..... . 
103 vV. T. Turner. .............. Pay, Jan. 1-ltl, 1896 ....... . 
104 W. H. Otis ...................... do .................. .. 
105 Orvil Dodge __ . __ . .. . . . . . .. . Storage .................. . 
106 T, .M. Bannon . . . . . . .. . . . .. . Fielfl expenses ..... __ ..... . 
107 ..... <lo ........ _ .. : . ............. do ................... . 
108 ..... do .......................... do .................. .. 
109 .... _do . . . . . . . . . . . . . . . . . .. .. Traveling expenses ....... . 
110 W. J. Lloyd ................ Field expenses ........... . 
111 Pay roll of employees....... Pay, .J annar~·, 1896 .. _ ..... . 
112 W .• J.Lloy!l ..................... do .................. .. 
113 G.\V.Tower ..................... do ................... . 
114 Pay roll of employees.·---~- ..... do .................. .. 
115 ..... do .......................... do ...... ------, ___ .. .. 
ll6 W. Lindgren ............. -- Traveling expenses ...... .. 
117 __ .. _do . ___ ..... _ ................ do ................... . 

A._mouut. 

$22.50 
27.30 
2.50 

27.00 
34.15 
18.32 
7.75 

105.00 
131. 9-! 
59.97 
32.95 
24.90 
6.00 

68.65 
77.75 
9.60 

11.03 
75.00 
15.70 
27.05 
2.50 
4.00 

33.00 
22.06 
2.33 
3.00 
5.00 

30.75 
36.35 
44.68 
3-!.43 
56.38 
16. 13 
27.37 
18.00 
3'1. :!5 
35.43 
44-.23 
16.07 
6. 60 
5.56 

41.15 
155.87 
36.77 
45.97 

1. 00 
133.27 
110.24 
75. 3<1 
64.05 

112.98 
160.00 
85.20 
60.00 

3,833.60 
221.50 

15.45 
3.00 
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Abstract pf disbursentents made by C. D. Dat•is, special disbursing agent, United States 
neological Survey, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLO<:HCAL·SURVRV, 1895 AND 1896-Continned .. 

J A.J..~UAUY, 1896-Cuntinued . 

... ~ 
Date of oJl 

payment. ·~ 
0 ~ 
l><o 

To whom paid. }'or what paid. ·Amount. 

~ 

Jan. 31 118 R. B. Marshall .............. Field expenses............. $60.22 
31 119 
31 120 
31 121 

W .. J. Llovd ..................... do . . . . . . . . . . . . . . . . . . .. 17.00 
'l' .. NelsonDale ................... do···················-! .80 

Total... .. . . .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. . . .. . . .. 9, 545. 60 

..... do ...................... Pay, .January, 18!!6 ..... ----~--~48 .. 35 

-----~--~------------------------~------- -------------------

Feb. 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

10 
10 
10 
10 
10 
10 
10 
12 
12 
12 
12 
12 
12 
13 
13 
17 
24 
29 
29 
29 

FEBRUARY, 1896. 

1 \V. T. ·walker ............... Forage, etc .............. .. 
2 John Hunton ..................... do ................... . 
3 \Vm. Hyndman.............. Storage ................. .. 
4 Sand. F. Alston ............. Forage and storage ...... .. 
5 ThomasHoover .................. do .................. .. 
6 N.B.Dunn ................. Forage ................... . 
7 M.A.Johuson ................... do ................... . 
8 Nichols & Fischer .. · ........ Pasturage ................ . 
9 N. S. Shaler ................. Pay,January, 1896 ....... .. 

10 C.R.VanHise ................... uo .................. .. 
11 L.J.Keng ....................... do .................. .. 
12 C.L.Leith ....................... do ................... . 
13 .T. Morgan Clements ............. uo .................. .. 
14. \V.S.Bayley ..................... do .................. .. 
15 Ben. K. Emerson ................. uo ................... . 
16 J.C.Merriam .................... do .................. .. 
17 W.S.'l'.Smith ................... <lo .................. .. 
18 F. L. Ransome ................... do .................. .. 
19 J. B. Woodworth ................. do .................. .. 
20 ..... uo ..................... Field expenses .. : ... .... .. 
21 AndrewC.Lawson .............. do .................. .. 
22 ..... do ..................... Pay, January, 1896 ....... .. 
23 W. ,J. Lloyd ................ Field expensea .......... .. 
24 ..... do . .. . . . . . . . . . .. . . . . . .. Traveling expenses ........ . 
25 Arthur Stiles .................... do .................. .. 
26 R. L. Salisbury .................. do .......... _ .. · ..... .. 
27 Chas.E.Peet .................... do ................ ,. .. 
28 ..... do .......................... do .................. .. 
29 C. M. Mollahau .............. Pastnmge ................ . 
30 C. J. Brodard .................... do ................... . 
31 Fred Stiller ...................... ilo .................. .. 
32 L.\V.Estes ...................... do .................. .. 
33 J.Bixby & Co ................... do .................. .. 
34. Mrs. L. C. Brown ................. do .................. .. 
35 M.P. Henderson & 8on..... Storage ................. .. 
36 Carlifornia ·warehou~e Co ....... {10 .................. .. 
37 R. B. Marshall.. .. .. .. .. .. .. Field expenses .......... .. 
38 F. C. Schrader.............. Pay, .January, 1896 ....... .. 
39 William B .. Clark ........... Pay, Dec. 1-Feb. 15, 1896 .. . 

'40 N. F. Drake ................ Pay, Feb. 10-15, 1896 ...... . 
41 G. W. Tower ................ Pay, February, 1896 ...... . 
4.2 T.NelsonDale ................... do .................. .. 
4.3 Payrollofemployees ............ do .................. .. 

$50.00 
22.50 
5.00 

38.00 
35 .. 00 
45.00 
42 .. 00 
18.25 

160.00 
270 .. 00 
12.20 
40.37 
52.00 
80.00 
60 .. 00 
8. 00 

12 .. 00 
6.00 

50.00 
7.75 

29.25 
65.00 
21.10 
27.50 
15.45 
48.50 
60 .. 4.6 
30 .. 28 

103.75 
75.60 
18.00 
15.00 

4. .. 50 
8.12 
4..00 
2.50 

11.35 
32.00 
75 .. 00 
18.00 
60.00 

137.36 
3,586.80 

Total . . . . . . . . . . . . .. .. .. . . . . .. . . . . .. . .. . . .. . .. . . . . 5, 463. 59 
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Abstract of clisbu?·sements made by G. D. Davis, BJJecial disbursing agent, United States 
Geological Survey, etc.-Continued. 

GENERAL EXPENSES OJ<' TIJF. GEOLOGICAL SURVEY, 1895 AND 1896-Continued. 

MARCH, 1896. 

Date of c"" I~~ I To whom paid. For what paid. Amount. payment. ~ g 
1_>-_ 

Mar. 2 
2 
2 
2 
2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
9 
9 

11 
11 
11 
11 
12 
14 

~~ I 14 
16 
17 
20 
31 
31 
31 
31 
31 

Apr.1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-----· -----
1 Pay roll of employees . . . . . . Services, February, 18!!5 .•. . $239.60 
2 W. T. Walker .. .. .. .. .. .. .. Care of stock .. . .. . . . . .. .. 50.00 
3 T. M. Alvord .................... do .. .. .. .. .. .. .. .. .. .. 8. 00 
4 Anna J. Green ................... do .. .. .. . . . . . .. . .. .... 8. 00 
5 M. A. Johnson ................... do .. .. .. .. .. .. .. . . .. .. 42. 00 
6 J. B. W oodsworth .. .. .. .. .. Services, February, 1896.... 50. 00 
7 N. S. Shaler ..................... do .. .. .. .. . .. . .. .. .. .. 150. 00 
8 Ben. K. Emerson ................. do .. . . . .. .. . .. .. . .. .. . 60. 00 
9 

10 
J. Morgan Clements ............. do .. __ ................ 32.00 
L. J. Keng .......... __ ........... do .. . .. . .. . .. . .. .. .. .. 55. 40 

11 C.K. Leit.h ...................... do.................... 35.50 
12 C. R. VanHise ................... do .................. __ 250.00 
13 ..... do . . .. .. . .. .. .. .. .. .. . . Traveling expenses.... .. .. 31. 54 
14 ..... do . .. . .. . .. .. .. .. .. .. .. Field expenses .. .. .. . . . .. . 10. 50 
15 Samuel '1'. Alston........... Forage and storage.... . . . . 38. 00 
16 Thomas Hoover ................. do . .. .. . .. . .. . .. .. .. .. 35.00 
17 
18 

W. B. Dunn .. .. .. .. .. .. .. .. Forage... .. . . .. .. . .. .. .. .. 45. 00 
W. J. Lloyd . .. . .. .. .. .. . .. . }'ield expenses .. . .. . .. .. .. 81.50 

19 
20 
21 
22 

Clarence Ritter..... .. .. .. .. Forage.. .. . .. . . .. .. . .. .. .. 48. 00 
William Hyndman . .. .. .. .. Storage . . .. .. . .. .. .. . .. .. . 5. 00 
T. M. Ah·ord...... .. .. .. .. .. Forage ...... '-- .. . .. . . .. .. . 8. 00 
Mrs.L.L:.Brown ................ do.................... 8.00 

23 
24 
25 
26 
27 

J.Bixby & Co ................... do.,.................. 4.50 
W. S. Bayley . .. .. .. .. .. . .. . Pay, February, 1896....... 65.00 
California Warehouse Co . . . Storage . . . . . . . . . . . . . . . . . . . 2. 50 
L. W. Estes .. .. .. .. .. .. .. .. Forage.................... 15.00 
Fred Stifler ..................... do .. .. .. . .. .. . .. . .. . .. 18. 00 

28 
29 
30 
31 
32 

M.P. Henderson & Son . .. .. Storage . .. .. .. .. . .. . .. .. .. 4. 00 
C. M. Harla-n .. . .. .. .. .. .. .. Forage..... . .. .. .. . . .. .. .. 76. 30 
Am1a J. Grngan ................. do .. .. .. .. .. .. .. .. . . . . 8. Oo 
Walter H. 'Veed ............ Traveling expenses........ 89.50 
N.H.Darton .................... do.................... 13.95 

33 
34 

Pay roll of employees...... Pay, March, 1896........... 3, 834.10 
T. Nelson Dale .................. do .... . .. .. . . .. . .. .. .. 170.30 

35 G- W. Tower ..................... do.................... 60.00 
36 
37 

Pay roll of employees ........... do .. . . .. . .. .. . . .. . .. .. 177. 7~ 
J. B. Woodsworth .... ------~--- .. do .................... ___ 5~ 

Total ......... __ ... "l" .. . .. .. .. .. . .. . . .. . .. .. .. 5, 829. 96 

APRIL, 1896. 

1 C. R. Van ITise .............. Traveling expenses ...... .. $8.62 
37.50 • 
49.20 

2 C. M. Harlan. . .. .. . .. .. . . .. . Foraging stock ........... .. 
3 H.C.Bicring .................... do .................. .. 
4 S.W.Barnes ..................... do .................. .. 
5 E.P.Kaye .. ________________ ..... do-----------·--------
6 ..... do .......................... do .................. .. 
7 W.B.Kelly ...................... do .................. .. 
8 E. W. Watkins.............. Storage ................. .. 
9 J.B.Street&Co ................. do ................... . 

10 James Manabale ................. do .................. .. 
11 N. B. Dunn . . . .. . .. . .. .. .. .. Foraging stock .... ~ ..... .. 
12 J.Z.Akin ....................... do ................... . 
13 Thomas Hoover .................. do .................. .. 
14 Saml. F. Alston .................. do .................... . 
15 W. J. Lloyd................. Field expenses ........... .. 

115.50 
60.00 
60.00 
15.00 

6.00 
6.00 
6.00 

45.00 
60.00 
35.00 
38.00 
89.54 
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.Llbst1·act of disbursements macle by 0. D. Davis, specia-l disbursiny agent, Unitecl States 
Geological Survey, etc.-Continued. 

Gl<:NERA.L EXPENSJCS OF THE GEOLOGICAL SURVEY, 1895 AND 1896-Continned. 

APHIL, 1896-Continued. 

Date of 
payment. To whom paid. Fou what vaicl. 

--- ----- -------
Apr. •> J(j " 3 17 

D. W. White .................. Foraging Rtock ........... . 
H. C. Hunt ....................... do ................... . 

;) 18 'IV. T. \\'alker .................... do .................. .. 
3 19 .lno. Hunton ..................... do ................... . 
3 20 \Vm. Hyn<lman ............. Stomgo .................. . 
3 21 
3 22 

M.A. J ohnsun .. .. .. .. . . .. .. Foraging ................. . 
N. S. Shaler..... . .. .. . .. . .. . Pay, Marcl1, 18H6 ......... .. 

3 23 C. R. Van Hise ................... do ................... . 
3 :!4 J. Morgan Clements .............. do .................... ' 
3 25 C.K.Leith ...................... do ................ .. 
6 26 \V.S.Bayley .................... do ................... . 
6 27 

11 28 
C. \V. H :1yes . . . . . . . . . . . . . . . . Cash paid fur pastnrago ... . 
T. Nelson Dn.le .............. Traveling- expenses ........ · 

11 29 Andrew C. Lawwn.......... Field expAnses ............ . 
11 30 ..... <lo ..................... Services, March, 18!16 ...... . 
11 31 B. K. Emerson ................... do ................... . 
11 32 California Wamhonse Co ... Storage .................. . 
11 :33 ,J. Bixb~· & Co .............. Foraging stock .......... .. 
11 34 Mrs. L. C. Brown ................. do ................... . 
11 :15 Orvil Dollg-e ................ Storage .................. . 
11 36 L. W. E~tes................. Foraging stuck .. _ ....... .. 
11 37 John Tannehill. ............ Storage ................. .. 
11 38 ·w. ,T. Llu~·<l .. .. .. .. .. . .. .. . Traveling expenses ...... .. 
13 39 Arthur Stilf\s .................... do .................. .. 
13 40 Anna J. Grugan . . . .. . .. . . .. Foraging stock ........... . 
14 41 C. J. Bmdforcl ................... do .................. .. 
17 42 M.P. Hendersoit & Son._ ... Storage ......... _ ........ . 
17 43 C. 'IV. Guorllove ... _......... Traveling expenses ....... . 
18 44 ..... do .......................... do .................. .. 
18 45 Arthur KeiUt. ................... do .................. .. 
18 ,16 A. Buford .. __ ................... c!o ................... . 
18 47 
18 48 

Geo. H. Elclri<lg(e .. _ .............. do .................. .. 
C. R. VanHise ............. Field expenses .......... .. 

18 49 '1'. B. Byrd ............... _ ....... do ................... . 
22 50 
23 51 
23 52 

T. M. Al vurd.. .. .. .. .. .. .. . . Foraging stock ........ _ .. . 
T. C. Chamberlin ........... Pay,Jnly 1,1895-Apr.1,1896 
M. R. Camp bell. . . . . . . . . . . . . '!'raveling expenses ....... . 

24 53 vV. C. Mendenhall ............... do .................. .. 
24 54 
25 55 
27 56 
28 57 
30 G8 

W. Landerrock............. Storage ................. .. 
vVm. Wilkerson ............. Pasturage ................ . 
A. E. Mnrlin:............... Field expense~ ............ . 
N.H. Darton ............... Traveling expenses .... _ .. . 
T. Nelson Dale.... . .. . . .. .. . Field expenses ........ _ .. . 

30 5H 
30 GO 

..... do ..................... Pay, April, 1896 .......... .. 
G. W. 'I' ower ..................... clo .................. .. 

30 61 Pay roll of employees ........... do ................... . 

Total 

MAY, 1896. 

Muy 1 1 W. 'l'. \Valker .............. Care of stock ............ .. 
1 2 .John Hnnt.on .................... do .................. .. 
1 :3 .f. B. \Voo•lworth ........... Pay, April, 1896.· .......... . 
4 4 N. s: Shaler ..................... do .................. .. 
5 5 A. Buford ....................... do· ................. · ... 
17 GEOL, P'l' l--13 

Amount. 

$28. 5o' 
H.5H 
50 0.1 
22.50/ 

5.00 
42.00 

200.00 
260.00 
44.00 
4-0.75 
60.00 
9!.50 
48.52 

6. 00. 
30.00 
41 67 

2.50 
4.50 
8.00 
3.00 

15.00 
7.50 

90.75 
20.80 
8.00 

126.00 
4.00 

14.50 
6.25 

16.80 
9.55 

18.75 
1.70 

28.:38 
8.00 

110.00 
:35.()0 
36.10 

2.U2 
63.00 
4.40 

22. 10 
.50 

154.00 
60.00 

:3,890.25 

6,4.02.24 

$50.00 
22. GO 
50.00 

200.00 
54.00 
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Abstract of disbursements made by C. D. Davis, special disbnrsing agent, United States 
Geological Snrvey, etc.-Continue<l. 

GICNER.A.L EXPENSES OF THE GEOLOGICAL SURVEY, 1895 .A.ND 1896-Continned. 

Date of 
pay1nent. 

May 5 
5 
5 
5 
5 
5 
5 
5 
5 
7 
7 
7 
7 
7 
7 
7 
7 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
12 
12 
14 
16 
16 
w 
18 
20 
20 
20 
20 
20 
20 
22 
22 
27 
27 
27 
27 
28 
31 
31 
31 
31 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24-
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
13 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

MAY, 1896-Continued. 

To w:~om paid. For what, pa.id. .Amount. 

----------

E. R. Maurer ............... Pay, April, 1896....... .... $18.00 
Leonar<l S. Smith ................ do .............. __ ,___ 15.00 
C. K.Leith .. ___ ,_ ............... do .... ____ ... :........ 46.50 
.J. Morgan Clements ............. do ...... ____ ...... _·___ 104.00 
C. R. VanHise ................... do .. .. .. .. .. .. .. .. .. .. 200. CO 

..... do . . . . . . . . . . . . . . . . . . . . . Field expenses ........ _... 21. 77 
M. A. Johnson .. .. .. .. .. .. .. Care of stock ....... __ . _... 18. 00 
Fred Stiffer .. .. .. .. .. .. .. .. .. ... do ..... _ .. .. .. .. .. .. .. 18. 00 

..... do .......................... do ........ _... .. .. .. .. 18. 00 
F. M. Alvorcl...... .. .. .. .. .. Storage ..... _....... .. .. .. 8. 00 
California Warehouse Co .. _ ..... f1o .......... ______ .... 2.50 
M.P. Henderson & Son._ ........ do ..... _.............. 4. 00 
Saml. F. Alston...... .. .. .. Care of 8tock...... .. . .. .. . 38. 00 
N. B. Dunn ....... -.- ............. <1o .. . . . . . . . . .. . .. .. . .. 45. 00 
Thomas Hoover ................. do ...... _............. 35.00 
J.E.Wolff .................. Pay, April, 18!Hi...... ...... 45.00 
..... do . .. .. .. .. .. .. .. .. .. .. Field expenses .. .. .. . .. .. .. 3. 65 
W. S. Bayley......... .. .. .. .Pay, April, 1896...... .. .. .. 25. 00 
OvilBaines ..................... do.................... 5.00 
Joseph Williams ................ do.................... 25.00 
J. T. Roberts & Son ........ Hire of team ............ __ 45.00 
A.M. \Valker ........ _.. . . . . Traveling expenses.... . . . . 11. 20 
..... do .. .. .. . .. . .. . .. .. .. .. Field expenses ..... _...... 42.75 
M. Hackett ...................... do .... _ ....... _ .. . .. . . 48. 95 
..... clo ..................... Traveling exne11ses........ 2.00 
J. Bixby &Co .............. Pasturage. _ _-____ .......... 4.50 
L. W. Estes ..................... do.: .......... ____ .... 15.CO 
Mrs. L. C. Brown ................ do . .. . .. .. . . .. .. .. .. .. 8. 00 
Wm. Hyndman....... .. .. .. Storage .. .. .. .. .. .. .. . . . .. i}. 00 
J. E, Wolff...... . .. .. .. .. .. Traveling expenses...... .. 31. 38 
J. H.Jenn ings ................... do .................. _ _ 7. 30 
Anna J. Grugan .. .. .. .. .. .. Pasturage.... .. .. .. .. . .. .. 8. 00 
.J. G. Pratt.................. Storage .. .... . .. .. .. .. .. .. 7. 50 
Geo. H. Eldridge...... . . . . .. Field expenses ........... , 21. 15 
T. B. Byrd...... .. .. .. .. .. .. Supplies .......... -..... --~- 17. 98 
A. H. Brooks.... .. . .. . . .. .. . Traveling expenses .... _... 19. 00 
Robert Muldrow ................. do .. .. .. . . .. .. .. .. .. .. 9. 55 
..... do .......................... do ......... ~.......... 3. flO 
J. E. Macfarland ................. do .. .. .. .. .. .. .. .. .. .. 17.92 
..... do .. .. .. .. .. .. . .. . .. .. . Field expenses .. .. .. .. .. .. 28. 23 
N.H. Darton .................... <lo _, __ ...... .... ...... 31.08 
..... uo .. . .. . .. .. .. .. .. .. . .. Traveling expenses...... .. 22.14 
Clarence Hitter. .. . .. .. .. . .. Pastnrage .......... _ .. .. .. 48. 00 
N. H. Darton...... . • .. .. . .. . Field expenses .. .. .. .. . .. . 21. GO 
T.NelsonDale ................... do.................... 2.00 
..... do ..................... Pay,May,1896............. 140.00 

-~-~o_·to· ~:~~~~~~~::: :.~~:::::: -~-i~~~~-~~l~~·-s_e_s_:::::::::::: 
1 

3~: ~~ 
.... _do ..................... Travelmg expenses ........ 

1 

G. 40 
G. W. Tower................ Pay, May, 1896 ............. 

1 
60.00 

Pay roll of employees ............ do ................... -~ :l, 569. 30 
N.H. Darton .................... do . .. . .. .. .. .. .. .. .. .. 153. -!0 
J. E. Macfarland ................. flo . .. . . . .. .. .. .. .. .. .. 71.60 

Total ................ ·I· .......................... -I 1>, 591. 57 
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AI>Htract of disbllr8cmcnts made by C. D. Dads, •pecial disbursing agent, Un-ited States 
. Oeological Sm·1:ey, etc.-Continued. 

GENE!tAL EXPENSES OF 'l'JIE GEOLOG[C.A.L SUHVEV, 1895 .A.ND 1896-Contiuuecl. 

Date of' 
p:-tyt11ent. 

Jnne 1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
l 
1 
1 
1 
l 
1 
1 
1 
2 
2 
5 
5 
5 
5 
5 
5 
9 
9 
9 
9 
!J 
9 
9 
9 
9 
9 
9 

10 
10 
11 
11 
12 
12 
12 
15 
15 
16 
16 
19 
19 
19 
19 
19 
20 
22 
23 
23 
24 

JUNE, 1896. 

To whom paid. .For what paid. 

1 J. B. Macfarland ........... Traveling expenses ....... . 
2 .. ___ clo ........ ____ . . . . . . . . . Field expenses ........... . 
3 N.H. Darton _______________ ..... do--------------------
4 ••... do ____ ------ .. : ........ Traveling expenses .... ___ _ 
5 'V. C. Me!Hlenhall. .............. do .......... _ ........ . 
6 A. H. Brooks _______________ ..... flo--------------------
7 .T. B. ·woodworth ...... _____ ---- .do __________ ------ ___ _ 
8 ____ .do------ ______ .. _______ ---- .do ______ ---- _________ _ 
9 ----.do------.---------- ____ Pay, May, 1896 ....... ------

10 N. S. Shale-r·----------- ________ .do------ ____ ------ ___ _ 
11 Frank Leverett._._ .. ______ ...... do ................... _ 

i~ ~~;:i ~~~~~-s-::: :: ~: :::: ::::I:::: : ;}~ :::::::::::: ~: :: ~::: 
14 A. Bnforc\ ______ ...... ------1---- .<lo --------------------
15 T. J. Hoberts &. Son ........ Iliro of team .... _________ _ 
16 A.l\L Walker ______________ Fieldexpenses -----------· 
17 ----.do-----------· ... -----· Traveliug expenses _______ _ 
lS Wm. 0. Campbell .......... Storage-------------------
19 M. Hackett ....... _ ..... _ ... , Field expenseR 
20 ____ .do ............. ________ Traveliug- expenses ____ ... . 
21 W. T. 'Valker ....... __ . ___ . Forage ancl storage. ____ .. _ 
22 Thomas Hoover ..........•...... flo ................ ___ . 
23 N. B.Dnnn ..... ·------------ _____ ,]o -------------- ..... . 
24 C. R. Van llise ...... ------- Pay, May, 1896 ...... _ .... . 
25 ,J. Mol'!!,an Clelllents ---- ____ ..... <lo ______ ------ .. _____ _ 
26 C. K.Le1th ...................... do--------------------
27 Wm. H.Hohbs ..... ---- ....... :.do------ .. ___________ _ 
28 Andrew C. Lawson ____ .......... do------ _____________ _ 
29 ----.do------ ....... ____ : ... Fielclexpenses ...... _ ..... . 
30 C. M. Mollohan ....... --- ... Pastnrage ..... ___________ _ 
31 A. H. HrookK ....... ________ Fiel<lcxpensc~------ ..... .. 
32 Freel Stiller·----- ______ .... Pasturage ...... _______ ... . 
33 L. vV.Estes ...... ------ ......... do ...... ------ ........ ' 
34 T. 111. Alvonl. ..... _____ ......... do ...... ____ ......... . 
35 \Vm. Hy111hnau............. Storage ....... ___________ _ 
36 l\1. P. HenderRon &. Sou. ____ ..... do·----- ________ ..... . 
B7 California 'Vareltonse Co ........ do .... · .. -------------· 
38 Mrs. L. C. Brown .... , . . . . . Pastnruge ..... ____ . _ ..... . 
39 J. Bixby & Co_------ ...... ____ .do ______ ............. . 
40 M. R. Campl,ell ...... -----· Traveling expenses .... ___ _ 
41 W. S. Bayley. ____ .......... Pay, May, 18:J(j -----· ..... . 
42 Philip Miller&. Co. ____ .... Supplies ...... ______ ------
43 A.M. 'Valker ...... ---- ..•. Traveling expenses ........ 1 

44 ..... do ................. _... Field expenses ............ ! 
45 W. S. Mendenhall ..... _ . . . . 'l'ravAling expenses ....... _! 

· 46 M.A .. Johnson ...... ____ .... Boarding stock. ___________ 1 

.47 .John Hunton.------ ____________ .do------ _____________ _ 
48 N.H. Darton _______________ Field expenses------------
49 J. E. Macfarlan<! ....... ________ .do------------------ __ 
50 Geo. H. Eldridge_ .......... ____ .do ........ ___ .... __ . ,_ 
51 D. ,V. White.------------ .. Forage and storage ....... . 
52 Thomas Hoover ...... ___ ... Care ofstoek ............. . 
53 W. B. Kelly ...... · ............... do··------------------
54 Norton L. Taylor.--- ....... Tracing map .............. . 
55 Anna J·. Grngan... •• . . . . . .. Pasturage ..............•.. 
56 Aug. F. Foerste . . . . . . . . . . . . Field expenses ........... . 
57 --- .. do . -- .................. Pay, Ang. 1-8, 1895 .... ----
58 C. R. Van Rise ....•........ Traveling expenses. ______ _ 

Amouut.. 

$22. 2!) 
27.50 
16.75 
48.H2 
6.75 

14.RO 
2.HO 
5.25 

50.00 
200.00 
130.00 
13.50 
10.06 
60.00 
93.00 
2H.Ofl 

I. 85 
16.00 
40.!Ji) 

4. ]() 
50.00 
35.00 
20.00 

240.00 
100.00 
52.80 
24. Ot) 

70.00 
20.00 

143.0J 
32.20 
18.05 
lfi. 00 
8.00 
5.00 
4.00 
2.f>O 
8.00 
4-.50 

17.30 
8>.00 
w. 0!) 
1. 01 

13.75 
17.35 
18.00 
22.50 
42.13 
14.50 
7.7G 

26.34 
8.50 

12.ii0 
6.00 
8.00 

12.15 
19.35 
9.37 
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Ll.bstract of disbu1·sements made by C. D . .Davis, special disb~trsing ayent, United States 
Geological S~tn·e.y, etc.-Continued. 

GENERAL EXPENSES OF THE GEOLOGICAL SUltVEY, 1895 AND 1896-Continueu. 

JuNE, 1896-Continued . 

...... 
Date uf ~~ 

payment. :>; 5· .. 
To whom paiU. ·For what paid. 

June 24 
2<t 
24 
24 
26 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
;{O 
30 
30 
30 
30 
30 

59 J. E. 'Volft' ................. Traveling expenses ...... .. 
60 Bailey Willis .................... do .................. .. 
61 G.K.Gilbert .................... do ................... . 
62 ..... do ........................ _·.do ................... . 
63 8. F. Alston .... ______ ...... Past1uage ............... .. 
64 N.H. Darton ............... Pay, June, 1896 .......... . 
65 J. E. MaofarlaiHl ................ do .................. .. 
66 T. Nelson Dale .................. do _ .................. . 
67 Pay roll of emplo~·ees ............ do .................. .. 
68 ..... do .......................... uo ............ ____ .. .. 
69 ..... uo ....... ------ ............. do ................... . 
70 ..... do .......................... flo .................. .. 
71 ..... do ........... ~ .............. do .................. .. 
72 ,V, L. Miller ..................... do ........... · ....... .. 
73 G. W. Tower................ Pay, Jnne 1-25, 18!Jfi ...... .. 
74 ..... do ..................... Pay, .Juue2H-3fl, 1896 ..... .. 
75 Pay roll of employees ........ Pay, J nne, 1896 ........... . 
76 ..... do .......................... do ................... . 
77 .1. E. Spurr ...................... do--------------------
78 Geo. Otis Smith. .. . . .. .. . . .. Pay, J nne 29-30, Ul96 ...... . 
79 Joseph H. TaiL......... .. .. Pay, June, 1896 ........... . 

Amount. 

$:13.88 
12.82 
40.73 
52.95 
61.00 

148.30 
69.20 

133.00 
190.56 
343. ::;o 
265.40 
437.36 
137.40 
82.40 
GO.OO 
13.74 

2, 6fJ5. 55 
181.30 
131.90 

5.49 
115.40 

Total. . . . . . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 7, 201. H 

Amount expended as per abstracts .................................... $645, 20;"5. 50 
Bonded railroad ~ccounts settleu at United States Treasury...... .. .. .. 1, 870. 10 

Total e ~penditnres .... __ ........ -- .. . .. . .. . .. .. .. .. .. .. .. .. .. .. .. 64 7, 075. 60 



REPORT OF THE DIRECTOR. 197 

NECROLOGY.! 

GEORGE HUNTINGTON WILLIAMS. 

George Huntington ·williams was born in Utica, N. Y., on 
January 28, 1856, and died there on July 12, 1894. He 
remained in his native city, at the home of his parents, Robert 
S. and Abigail Williams, during boyhood and youth, following 
the course of the public 1)chools and graduating at the head 
of his class from the Utica Free Academy. In 187 4 he entered 
Amherst College, ancl graduated in the class of 1878. These 
college years determined his future career in great degree, for 
the interest in geology awakened in the student under the 
instruction of Prof. D. K. Emerson never failed. After some 
months of post-gradmtte work in geology at Amherst and a 
short experience in teaching at his old horne, he went to Ger­
many in the summer of 1879 to pursue his studies in his 
chosen science. · 

The greater part of the first year was spent at the Univer­
sity of Gottingen, and the two succeeding ones at Heidelberg. 
The studies of these three years gave special direction to the 
energies and interest of the young American. At Gottingen 
he worked in mineralogy under Prof. C. Klein, and in Heidel­
berg his attention was chiefly given to the comparatively new 
science of petrography, under the eminent master, Prof. II. 
Rosenbusch. He received the degree of Doctor of Philos­
ophy from the University of Heidelberg in December, 1882, 
his thesis being a petrographical study of a district in the 
Black Forest. Thus equipped in a new line of research, he 
returned to this country, and was not long in finding a fruitful 
field of labor. · 

Owing partly to the fact that he was not naturally of strong 
physique, Dr. Williams did not seek to enter the service of 
the Geological Survey, for which he was otherwise so well 
fitted, but turned to university life as a more congenial field 
for his many-sided abilities. . He found Johns Hopkins U ni­
versity just about to establish a geological department, and in 
March, 1883, ·as "fellow by courtesy," he began alone to build 
up what has become, largely through his efforts, one of the 
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principal g·oologieal departments of the country. In 1884 he 
became a member of the acaclcmie staff of the university as 
"associate;" in 1885 he rose to the grade of associate professor, 
and in 1802 he was made professor of inorganic geology. 

As a university professor, Dr. ~Williams exhibited many 
talent::;. He quickly made his co-tu·se of instruction iu petrog­
raphy tho most thorough in the countr_v, but with keen per­
ception of present opportunities nnd a rare po·wer of creating 
new ones he soon developed his department beyond a specialty 
and made it strong in many ways. His strength was also 
given to the general advancement of the university, in which 
he became an influential loader. 

Dr. vVilliams's power ns a teacher was shown hy the success 
with~ which he imparted his own enthusiastic love for his 
science to those who came under his instruction. To this 
success the large number of hiR students now found in profes­
sional life is ample testimony. Nor. wns 1his power confined 
to tho class room, for his popular lectures and written articles 
have done much to make his specialty and the broadm: science 
to ~which it belongs better known to the geneml public. 

But the university work, varied as it was, did not keep the 
student in a new branch of science from the field of original 
research, and it is this phase of his life work which must be 
more especially considered at this time. Almost at once he 
entered into the examination of the geology of the vicinity of 
Baltimore, and som1 found rich material for investigation in 
the ancient igneous rocks and the metamorphic forms derived 
from them. After various preliminary notices, he published, in 
1886, a bulletin of the Geological Survey (No. 28) On the 
Gabbros aud Associated Hornblende Rocks occurring in the 
Neighborhood of Baltimore, Maryland. This was the first in 
a series of investigations of the older rocks of Maryland, in 
which he enlisted the services of his advanced students. Grad­
ually the scope of the studies themselves broadei1ed, as the 
area examined increased, until D~. Williams had become quite 
thoroughly acquainted with the pre-Cambrian eruptive· and 
metamorphic rocks of Maryland, and had followed tho inter­
esting problems suggestecl by them into many other parts of 
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the eastern United States. Among the publications presenting 
these general results may be mentioned the one on the Distri­
bution of Aucient Volcanic Rockf:l along the Eastern Border of 
North America (Journal.of Geolog-y, 1894): and that on The 
General Helations of the Granitic Roclcs in the Midclle Atlantic 
Piedmont Plateau, published after the author's death in the 
Fifteenth Annual Report of the Survey. 

In the expression of these dif:ICOYeries upon maps, Dr. vVillims 
had long been working in connection with thi;..; Survey, ~mel 
several atlas sheets in which he was responsible for portions 
of the work are now in process of publication. Much more 
work had been planned. A geological map of the viciuity .of 
Baltimore, of which he was the editor and chief contributor, 
has been issued by the J olms Hopkins Gniversity, and a 
geological map of the State of M arylan<1, eontaining many new 
features, accompanie<l the book entitled Maryland, prepared 
by G. H. vVilliams and w. B. Clark, and published by the State 
board of managers for the \V orld's Fair Commission. 

The geographical range of Dr. Williams's investigations was 
great. In 1884 and 1885 he spent some months in the Mar­
quette anrl :Menominee iron districts of Michigan, engaged in 
a study of the. metamorphic greenstones of the region and the 
problems of their origin. The rest1lts of this investigation are 
contained in a bulletin .of the Survey (No. G2). A series of 
remarkable igneous roeks on the Hudsmi attracted his atten­
tion,, and as the Cortlandt series these roeks are now well 
known to petrographers. From all sides material eame to him 
fore-investigation, and hence his petrographieal writings treat 
of rocks from Brazil, Alaska, Canada, and many parts of the 
United States. 

While Dr. vVilliams's contributions to geology and petrology 
are of very great value, it was evident to those most closely 
associated with him that they were hut preparatory to more 
important work. At the time of his death he was formulating 
a discussion of metamorphic rocks with regard to their origin 
and classification. Could· he have accomplished this it would 
have added greatly to our knowledge of these important and 
as yet little understood rocks. 
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Dr. Williams never lost his interest in purely minemlogical 
investigation, as numerous descriptive papers testify, and he 
was especially expert and thorough in crystallographic work. 
His course of instruction in crystallography led him to the 
publication of a text-book which is extensively used in colleges. 

years of personal acquaintance and assoeiation had led the 
Director to place a high estimate on the skill ~LUd judgment of 
Dr. Williams, and a few days prior to his fatal illness a confer­
ence was held· in the office of the Geologieal Survey in refer­
ence to assigning to him general charge of the investigation of 
the crystalline rocks of the northern Appalachians. The inter­
val of nearly two years that has elapsed since his death has 
served to impress upon his former official associates the great­
ne::;s of tho loss to science in general and to the Geological 
Survey in particular. 
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MAGNETIC DECLINATION IN THE UNITED STATES. 

BY HENRY GANNE'l'T. 

INTRODUCTION. 

The following compilation and discussion of magnetic declinatiOn 
withm the Umted States Is designed to meet the needs of those who 
have occasiOn to use the needle m surveymg, or who have to deal With 
surveys which have been run by needle m past timet-•. 

In those parts of the country m whiCh decimation <lata are abundant 
I have compiled such data to the extent that seemed necessary, select­
ing only the most accurate. In those pmts of the country where 
ucclmatwn data are scanty I have obtamed all such data as could be 
founu. 

All uata obtamable for the discussion of the secular variatwn in 
declination have been obtamed and used, and the results are pre­
bented in the form of tables, sbowmg the approximate reduction to a 
selected epoch-namely, the year HIOO-at each tenth year prior to 
that tiwe for the period during whiCh It may be reqmred. Finally, 
the ueclmation data have been reduced to thts epoch, HlOO, and are 
presente(llll the table by counties, Cities, and towns, winch IS belwved 
to be the most convement form m whwh the data can be presented for 
the use of surveyors. 

SOURCES OF DATA. 

The observations for magnetJC declmatwn or variatiOn of the compass 
which have been collected and are discussed in thu; paper are denved 
from a variety of sources and present great varmtwn in pomt of accu­
racy aTHl trustworthiness. 

United Sttttes Coast and Geodet1,c Survey.-For many years the United 
States Coast and Geodetic Survey has been engaged not only m the 
compilatiOn and discussion of these observatiOns, bnt m observing, and 
thus obtaimng data. Its statwns, though few in number, have been 
occupied by the most skilled observers and eqmpped With the finest 
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instruments f()r this work, and the results, barring certain unavoidable 
errors, are thoroughly trustworthy. Its stations are not confined to the 
neighborhood of the coast,. but are scattered over the interior of the 
country. The results, together with a large amount of compiled data, 
have been published from time to time in the reports of the United 
States Coast and Geodetic Survey, the latest publications being in the 
annual reports of 1888 and 188!). 

The United States Lctke Survey, during the progress of its work upon 
the Northern and Northwestern lakes, made many magnetic stations 
in that region, and the results are of the first class. These results 
are published in Professional P~tpers~ Corps of Engineers, Heport on 
Primary Triangulation, 1882. 

Oeneml Land Office.-From the commencement of the work of sub­
dividing public lands under the General Land Office one of the require­
meuts of the contractorH for this survey has been that the magnetic 
declination be observed in every township. This requirement has, in 
general, been conformed to, and the result is that in every township 
thus far subdivided in the United States, numbering some 60,000, the 
magnetic declination is on record ·in the archives of the General Land 
Office. In every State excepting the original thirteen, with those 
formed from them, and with the addition of Texas, the magnetic decli­
nation has been observed very fully, although not always very accu­
rately, and is a matter of record. In many, perhaps half of the eases, 
the declination is given upon the plats of the townships, and is th ns in 
easily accessible form. In other eases, where it is omitted from the 
township plats, it is to be found in the notes accompanying the plats, 
although here it is not so easy of reference. Furthermore, the Land 
Office requires that in the survey of all standard and exterior lines the 
declination be observed, and the records of the declination observed 
in connection with these lineR are to be found upon the plats of those 
lines or in the notes accompanying them. The declinations observed 
upon the standard and exterior lines, being obtained with special 
instruments, are, as a rule, of greater accuracy tltan those observed in 
connection with the subdivision of townships. 

These surveys of the General Laud Office have been made at various 
dates, commencing in the latter part of the last century, wlten work 
was begun in Ohio, and ranging thenceforward to the present time, 
the work at present being mainly ip the mountain and desert regions of 
the far West and in Indiau Territory. In point of accuracy these obser-

. vations differ greatly. .As a rule t.hose of earlier dates are not of as 
great accuracy as those of recent date. In the early years of the work it 
appearH to have been the practice, after obtaining the declination fi.·om 
observation, to use it over considerable areas. The quality of the deter­
minations appears to be rather a function of the personality of the sur­
veyor than of any other matter. Taken as a whole, however, this vast 
body of observations, which bas been practically untouched heretofore, 
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is of the greatest value in studying the distribution of magnetic 
declination over the country. 

I have not attempted to make a complete collection of this material. 
The amount is too vast to make it worth while. I have, however, col­
lected all the observations which appear upon the plats of exteriors and 
st:wdard lines, tmpplclllentiug them wherever needed hy observations 
made in connection with the subdivision of townships. AltogetlH~r, I 
bave abstracted from the plats of the General Land Office nearly 20,000 
observations, and these form perhaps nine-tentbs of the material here­
with presente1L Tbe el1aracter of these observations will be discussed 
in greater detail in connection with the discussion of the results in the 
several States. 

Many State boundaries, especially in the West, have been run by 
contractors under the Geueral Land Office, and in the course of their 
surveys many observations for mag·netic declination have been made. 
These, which are commonly of good quality, have been utilized. 

In the State of Missouri, and to a small extent in the adjoining States 
of Illinois, Iowa, and Kansas, Professor Niphcr observed, in the years 
1878 to 1884, at several hundred stations. His results were published in 
the Transactions of the St. Louis Academy of Sciences. 'fhese results, 
which are of excelleut quality, have been adopted; and as they cover 
the State of Missouri quite completely, and as the observations for 
declination by the General Land Office in that State have every appear­
ance of being poor in quality, I have contented myself with using- those 
of Professor Nipher only. 

New York Sta.te Sur·ney.-The State Survey of New York, under Mr. 
James T. Gardiner, between the years 187G and 1884, carried 011 a pri­
mary triang-ulation of parts of the State, and in connection therewith 
took numerous observations for declination upon its stations. ·These 
were published in the final report of that survey. The Geological 
Suryey of New York also hat-~ publisLed the results from a few stations, 
and the Adirondack and State Land Survey, under Mr. Verplanck 
Colvin, whose field of operations lies mainly in the Adirondacks, 
observed at a few stations. The results are published in the reports of 
that organization. 

National Academy of Sciences.-Between 1870 and 1880 the National 
Academy of Scie11ces made a small appropriation for observations of 
magnetic declination, which work was intrusted to the United States 
Coast and Geodetic Survey, and the results have been published by 
that org-anization. They are desig-nated in the accompanying list 
by the initials N. A. S. 

Wheeler, Hayden, and Powell sttrveys.-The Western surveys carried 
on between 1869 and 1878, known as the Wheeler, Hayden, and Powell 
1:mrveys, took nnmerous observations for magnetic declination in con­
nection with the map work whicb they wem executing. These observa­
tions were commonly made with small compasses, and the results are 
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not very reliable. Thm;e of the Hayden survey were furnished in man­
uscript to the U1iited States Coast and Geodetic Survey, by whom they 
were published. Those of the Wheeler survey were published in the 
annual reports of that organization. 

Army exploring expeditions.-Otber expeditions which havp traversed 
the West have furnished a ft•w scattering observations. Among these 
may be mentioned the expeditions of Capt. W. IT. Emory, Lieut .• J. C. 
Ivet:i, Capt. W. A. Raynolds, and Capt. W. S. Stanton. 

Boundary surveys.-In connection with the survey of the northern 
boundary of the United States from the I.ake of the Woods to the 
Rocky Mountains many declinations were observed, and these are pre­
sumably of excellent quality. They were published in tlte report of 
that survey. 

New Jersey Geological 8urvey.-Tbe State of New .Jersey, through the 
agency of its Geological Survey, has made a full collection of data tor 
magnetic declination, wl1ich is published in Volume I of the final report 
of that survey. 

Pennsylvania.-The State of Pennsylvania, through its Secretary of 
Internal Affairs, bas collected a large amount of data of this kind from 
county surveyors throughout the State, which is published in the 
reports of the secretary, aud specially in Pa1·t I of the report for 1887. 

Jr[aine Geological Sur't•ey.-This survey has made a few determinations 
in the State. 

The United 8tntes Corps of Engineers bas, aside from the work of the 
I~ake survey, made numerous determinatious of declination in various 
parts of the country, mainly in connection with its river and harbor 
work, and these are to be found in scattering form in the annual 
reports of the Chief of Engineers. 

Other sources.-Besides the sources above given, there may be men­
tioned Locke's Report on Mineral Lands, 1839-40, and Stone's Magnetic 
Variations, 1878, both of which contain data. 

With the exception of the results by the General Laud Office, most 
of the sources of data above enumerated have been consulted and the 
data compiled by Mr. C. A. Schott in the papers published by him 
under the United States Coast and Geodetic Survey. To this work I 
shall have frequent occasion to refer hereafter as being the 011ly com­
prehensive work on magnetic declination in the United States at 
present. lhom these sources Mr. Schott has eompiled the results from 
some 2,500 stations in the country. His data are relatively abundant 
in the older Eastern States, while in the Mississippi Valley awl in tlte 
West they are very scanty. It is difficult to understand how he eould 
have overlooked the vast mine of information on this subject which is 
contained in the General Land Office, which would have supplemented 
his material in the regions where it is most needed. 

ln the fall of 1895 I sent a circular to all county t:inrveyors in the 
country, requesting their coopemtion to the extent of furnishing me 
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with any recent determinations of declination which they had made or 
could obtain, together with any information which would bear upon the 
question of the secular change in declination. To this circular I have 
received some 850 replies, giving in each case the declination, commonly 
in the current year, and information concerning secular variation, con­
sisting of series of observations or their experience in the rerunning 
of lines. This information will be set forth hereafter. 

From all these sources l have compiled the declination at about 22,000 
stations in the United States. The r·esults, reduced to the year 1900, 
are presented in the final table of this volume, arranged by States and 
conutles. In the Land Office States several stations ha.ve been obtained 
from the public-land surveys in nearly every county, and the declina­
tion in tbe few remaining counties bas been estimated from that in the 
adjoining counties. In the older States, where there are no observa­
tions- by the General Land Office, stations are much fewer and the 
number of counties in which it was necessary to estimate the decliua­
tion much greater. 

V ABlATIONS IN ~1AGNETIC DECLINATION. 

The magnetle deelination is subject to several changes. During the 
day it changes from 1 0' to 15', being highest in the morning at 7 or 8 
o'clock and least in the early afternoon, returning to its maximum 
position at 8 or 9 in the evening. This is called the "diurnal change." 
'l'here is also a monthly change of small magnitude, so inconsiderable 
as to be of no practieal importance. There is also a slight oseillation 
at different times of the year, but this is also of trifling magnitude. 
There is a fourth regular change, known as the ''secular variation," 
which is progressive for a long term ol' years. Its normal amount ranges 
in difter!:mt parts of the country from 3' to 4' per year, but in certain 
portions of the country, as will be shown hereafter, tbe ehange is at 
present quite different in amount, being subject to eertain laws which, 
so far as tbeir operation is concerned, will be explained more at length. 

The maguetic needle is subject also to what may be called "magnetic 
storms," wbich at times influence it greatly, causing temporary eltanges 
of declination of great magnitude without any apparent reason therefor. 

Of the changes which are of magnitude, the secular variation alone 
can commonly be provided for and corrected. As a rule we do not 
know the hour of the day at which the observations were taken, and 
we can make no provisions for the effects of magnetic storms. If we 
add to the effect of these the imperfections of instruments, for which, 
of course, no correction can be applied in the case of compiled observa­
tions, and the unknown effect of local attraction, antl of the ignorance 
and carelessness of observers, it may be easily understood that we are 
dealing with a somewhat uneertain mass of data, and should be pre­
pared for discrepancies of considerable magnitude in the observations. 
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THE SECULAR VARIATION. 

The magnetic declination is zero on a line passing through the lower 
peninsula of Michigan, central Ohio, eastern Kentucky and Tennes­
see, and western North Carolina, finally passing down to the Atlan­
tic through South Carolina, near the course of the Savannah River. 
East of this line the declination is to the westward, and increases in 
amount eastward. West of this line the declination is eastward, and 
increases in amount westward. The largest west declination is in 
eastern Maine, where it amounts to approximately 22°. The largest 
east declination is in northwest Washington, where it reaches 23°. 
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The se1·ular variation is an annual change in the declination amount­
ing, on the average, in the northern part of the country to 4' per year, 
and diminishing southward, until in Florida and Texas it is 3' annually. 
This annual change increases west dt:lclination and decreases east 
declination. It is probably almost uniform at present in the eastern 
and central parts of the country except for this diminution southward, 
but passing westward toward the Pacific Coast it diminishes rapidly, 
and upon the coast of northern California, Oregon,, and Washington it 
is practically zero at about this time, i. e., the declination is practically 
at a standstill, while in recent years east declination has been increas­
ing in this region. 



9ANNETT.] THF~ SECULAR VARIATION. 217 

The secular variation, regarded as a function of time, has the form of 
a curve, somewhat similar to a hyperbola, being nearly a straight line, 
curving therefrom to a summit, falling oft" with a similar curve, and 
developing again into nearly a straight line on the other side of the 
summit. The typical form of the curve is seen in the diagram, fig. I, 
showing the curve at Paris) which is taken from" Schott's Secular Vari­
ation in the United States," neport United States Coast and Geodetic 
Survey, 1888. As will be seen from the diagram, the summit of the 
curve passed the observatory at Paris in the year 1580. In about one 
hundred and seventy-five years this summit appeared upon this side of 
the Atlantic, and passed Eastport, Me., at about 1750 or 1760. It is 
now, 1896, passing over San Francisco, and in l 900 will he upon the one 
hundred and twenty-fifth meridian in the Pacific Ocean._ Its progress 
across the Atlantic and the United States has apparently been at a 
nearly uniform rate of about 100 of longitude in twenty years. As 
nearly as can be made out from the obervations, the crest of the wave 
has moved nearly on a meridian, being found in practically the same 
longitude at the same time in all latitudes in the United States and at 
points in South America. 

The above statements regarding its movement, which were first sug­
gested as a working hypothesis, have been subjected to tests furnished 
by the following 8eries of observations and have been 'found to hold 
good as nearly as it is possible to determine. Under this hypothesis 
the summit of the curve occupied the following positions in longitude 
in the years named: 

I Y~ ! Loo,;<ooo[ YM•. ;."'""'" I 

~1~90.~~~==~~--;0 - --1850·-----~=~ ~-
1800 .. - --------- ---- 75 1860 ... --· ---------- 105 

I 1810. _____ . _________ 

1 

80 

1820.----------·---- 85 

1

1830 ...... ·----· --·· 90 

1840 ..... 0 ---0 ·----·1 95 

1870 .. - --· ·----- 0 -·-

1880 ...... ---- ·----· 
1890 ...... ---· -----· 
1HOO: •• -- •• _. --. ---. 

110 

115 

120 

125 

The form of the curve within twenty or twenty-five years on either 
side of its summit, where the secular variation changes, is a matter of 
interest. Mr. Schott determines t-his by forming an equation for each 
series of observations, deducing therefrom corrections which he applies 
to other stations within its neighborhood, thus assuming as many dif­
ferent curves as there are stations at which he has series of observations. 

The observations at Paris and London show that a second change in 
the secular variation passed these places about the beginning of the 
present century. This second change is 110w passing over Rio Janeiro, 
Brazil, longitude 43° W., as is shown lJy a series of observations 
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published by Schott in the Annual Report of the United States Coast 
and Geodetic Survey for 1888. 

The observations in New England show in recent years a slight 
reduction in the rate of seeular variation, which may foreshadow the 
approach of this ehange. If this be the m1se, however, it is moving at 
a more rapid rate than its predecessor, whieh required about one hun­
dred and seventy years to pass from Paris to Eastport, 1\fe. It is more 
probable, therefore, tilat tile reduction in the rate of secular variation 
in New England, which is noticeable in the table following, is due to 
some local disturbance of the secular ehange rather than to this general 
movement. 

·Before proceeding to analyze the character of the secular variation 
further it will. be desirable to give in extenso all data which are availa­
ble for studying its form and its location at different times. 

These data are of varied character, consisting of-
(1) Series of observations taken at the same station. Most of these 

have been taken from the collection compiled and published by l\'fr. 
Schott in the bulletin of the Coast and Geodetic Survey above quoted, 
with a few contributed by county surveyors. In certain cases these 
series furnished by Mr. Schott's compilation have been extended by the 
addition of more recent observations. 

(2) Data furnished by county surveyors, consisting iu the results of 
expericnee derived from rerunniug old. lines at different dates. Assum­
ing that tile lines as originally run were upon the declinations as stated, 
the departures from these declinations, which are required for rerunning 
them at present, are the changes in declination, and the result is cor- · 
rect, regardless of the q nestiou whctiler the original cleclinations upon 
which the lines were run were correct declinations or not. 

(3) In cases where the areas of the conn tie:,; in Land Office States are 
not large, and where the county seat is ncar the center of the county, 
the mean of the declinations obsernd by the surv(~yors of the General 
Land Office at the time tlte eounty was subdivided is giveu, in com­
parisou with the declination in 1895 or 18!.!6 as furnished by the county 
surveyors at the county seats. 

DATA l!'O.J:~ DETERJ\fiN ATION OF SECl'TLAR V AJ¥ATION. 

MAINE. 

BANGOR. 

[From Coast and Geodetic Survey Report, 1888.] F y,., IDM''"""""\1 ___ Year. 
Deelit1at.ion. 

0 I 

14 29 I 1805- - - - - - -- - - - - -- - - 11°41 OL4~, 11. 1844- - - - - - -- - - - - - - - -
_ _ _ _ _ _ _ _ _ _ 1857 ______________ . _ 15 :w I 

:: --- -_-~--:: i 13 22 1879-- - --- -- - --- ---- 16 29 
-----------'- ----
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Data for dete1'1nination of see~dar variation-Continued. 

MAINE-Continued. 

EASTPORT. 

[From Coast and Geodetic Survey Report, _1888.] 

~ ~-,~,--- IDecli~~~~ l- __ Y_c_ar_. ____ Declination. 

I 1833- - - - - - - - - -- - - - - - 1°4 ;0 I 18GL - - . - - - - - - - - - - - ~~8 04 

1

_1857................ 15 21 I 18(;5................ 18 06 
18GO .. - ....... -..... 17 57 1873. __ ... _. _ .. _ _ _ _ _ 18 56 

18GL---------·----- 17 59 1879________________ 19 08 
18G2 ____ . __________ .

1 

1s o1 1887 _______________ . 18 35 

18{)3 ........... ____ . 18 02 1895 . __ . _ . _ .... _ _ _ _ _ a 19 42 

a County surYcyor. 

PORTLAND. 

[From Coast and Geodetic Stuve.v Report, 1888.] 

1833 _________ . _. __ .. 1°~ ~0 18GL---- .... ------ ;2 '~4 I 
1845 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 28 1865. ________ _._ _ _ _ _ _ 12 42 I 

1851. ..... •••••· .... 1141 1866...... ...... .... 12 43 I 

1859------ ______ ____ 11 20 1873______ ______ ____ 1: ~3 1 

18G3. -__ -_-_--_-_-_-_--_-__ -_------~-2--23 ___ 1887 ____ . : ____ -_-_--_-_-_---'--~ 

NEW HAMPSHIRE. 

CHESTERFIELD. 

The following series from 1808 to 1847 were observed by Mr. Wild, 
formerly surveyor of Cheshire County, anll were furnished in manu­
script by Mr. Samuel Wadsworth, the present surveyor: 

~~~~~~--Y_e_ar_. ____ becli~tat,ion.I ____ Y_e_ar_.___ _~1:"'"':"•:••1 1808------ -- ---- ---- 6 <10 1818-- - --- ---- -. --- - 6 00 
1809--.--- ... - _ .... -I G 40 18HJ.. _____ ... ____ .. \ {) 03 

{) 00 1810----------------, 6 35 1820 ________________ i 
1811. - - - - - - - - - - - - - - -I 6 30 1821.. - - - - - - - - - - -- - - (j 07 
1812 .... ________ ----~ 6 26 1822 ________________ I 
1813.--- ---- ---- ---- 6 25 1823.----- ---- ------

1814 .... ------------1 6 17 

1815 . - - - - - - - - - - . - - - -I 6 07 

1816- - - - - - - - - - - - . - __ II {) 03 
1817.----- ------ ---- (j 02 

1824---- ------------

1825.--. ------------

1826 -- - - . - - - - - -- - - - -

1827 .. - --· ----------

() 12 

H 3o 
{) 40 

{) 35 I 

EJ 
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Data for determination of Necnlm· rariation-Coutiuned. 

NEW HAMPSHIUE-Continne<l. 

CHEISTEHFIELD-Continned. r= __ Y_e_ar_. ____ 
1 De~~-in-a-ti-on-. -~----------Y-ea_r_. ____ ;neelination. 

~ 52 I 18B8- - - - - - - - - - - - - - - - ': ~ 00 1828 .. -------- .. ----

1829-- -- -- -- -- - - - - - -

1830 , -- - -- .. - . -- .. 

7 00 
7 06 
7 10 

18::!9-- ------ ---- ----I 8 03 
1840 ______ ----------' 8 10 

1831. ............ .. 1H4L _________ .. ____ ; 

18:~2 -- -- .. -- -- -- -- .. 

183:1 .. -- -- -- -- -- -- .. 

7 15 1842---- ---- ---- ---- i 

183L .. _ .. ________ __ 

1835---- ---- ---- ----

~:: :::::::::::: 

7 30 

7 3i5 

7'45 

7 53 

8 00 

1843 -- -- -- -- -- -- -- --

1844-- .. -- .. --------

1847------------ ----

1890----------------

HAXOVEI!. 

[From Coa~:;t and Geodetic Survey He port., 1888.] 

1 1839 _______________ _ 

I 18G5-- -- .. ------ ----
L873 ...... ________ __ 

0 I 

9 15 

10 27 

10 50 

1876- -- -- .. -- -- . - -- -I 
1879 ...... ·····- ----1 

1\.Ii;ENE, 

l.From Samuel 'Vadsworth, surveyor Cheshire County.] 

1 ,~,-- ____ _ 

I 1889-- -- -- - -- -- - -- --

1 !~:~- -- -- -- -- -- -- --
~------------· 

0 

11 10 

11 15 

11 18 

11 22 

1892-- -- -- -- -- -- - -- -

1893-- - - -- - - -- -- - . --

1894.--.-.----------
189G .... __________ __ 

J:'ORTSMOUTH. 

[From Coast aml G-eodetit·· Snryey Report, 1888.] 

I 

8 Iii 

s
8 

15 I 
1i5 

8 12 

8 20 1 llj 

0 I 

11 ()i) 

11 38 

0 

11 30 

11 33 

11 4:) 

111)3 

I 0 I -;,;,j 

I

I ~:~::::::: :::::: ::: __ : -~0:_
4

34:~-----"--~-:~_~_:_: :_:_:: :_: :_:_: _: :_:_: :~-12-3--l J1 

-1850---- ---- ---- ----



GANNETT.] SECULAH. VARIATION: VERMONT-MASSACHUSET'l'S. 221 

Data jol' determination of secular variation-Continued, 

VERMONT. 

BURLINGTON. 

[From Coast and Geodetic Survey Report, 1888.] 

I Year. ___ lneelin~tio~~----Y-Te_a_r_. __ 

~- U' 

1805- - - - - - - - - - - - - - - - 6 12 183-L -- - - - - - - - - - - - - -
1818________________ 7 30 1840 ______________ _. 

1822- - - - - - - - - - - . - - - - 7 42 184il- - - - - - .. - - - - - - - -

1826- - - - - - - - .. - - - - - - 7 36 1855 . - - - ........ - - - -
1830 .... ------------ 810 uno ______________ __ 

1 1~~=- .... ________ 8 15 1873 ................ 
1 L·::: ...... _···_-_-_--..:_ __ 8_2_5_c__ 1 

RUTLAND, 

[From Coast and Geodetic Survey Report, 1888.] 

1810 ............... . 

1811. ............. .. 

1859 .......... ------

0 ' 

6 04 

6 01 

9 49 

.1873 ....... -- ...... . 

1879 ........ ---- ... . 

MASSACHUSETTS. 

BOSTON. 

[From Coast and Geodetic Survey Report, 1888.] 

D
-1_-_-1 

ec lllntwn.: 

0 ' 

8 50 

9 42 

9 22 

9 57 

10 57 

11 1!J 

1- Year. _Declination.\--- Year. IDe~ination.l 

1

1807...... .. .. .. .. .. ~ 0~ I 185il.. ............. -I 1~ ~,1 I 

1833........ .... .... 8 00 1872....... ... .. .... 11 15 

1839................ 9 ()(j 1877...... ...... .... ~~ ~~ 1 

18-HL..... ...... .... ~l :n 1884....... ...... .... ~ 

CAMBIUDGE. 

[From Coast and Geotletic Sur\'ey .Heport, 1888.] 
-~-------

:) ' 
.... ...... .... 7 30 

1833 ...... ------.... 8 00 

1835 ............... . 

1837 ...... : ....... .. 

18•10 .............. .. 

1842 . : : : :: : : : : : : : : : : I 

--- ·----- ------
1 

8 51 

f)Ofl 

9 18 

9 35 

9 39 

9 32 

--~ 

1850 ........ __ .. .... .~ ~~ I 
1852 .... ________ .... 10 08 I 
1854...... ...... .... 10 39 

18iJ5 .......... ______ 10 54 I 
1856.... .... .... .... 10 50 

1859...... ...... .... 10 48 

1867 .. __ .. ____ .. __ .. 1-0 41 I 
1879...... ...... .... 11 46 



222 lVIAGNETIC DECLINATION IN THE UNITED STATES. 

Date for determination of secnlar varial'ion-Continued, 

MASSACHUSETTS-Continued. 

NANTUCKET. 

[Furnished by William F. Codd.] 

I Year. ___ DPelination. 

j-- ~~ 
Year. Declination. 

I 
180i> ...... ----------

1829-- - -- - -- - -- . - - . -

1834. -- -- - -- -- -- -- --

1836-- -- -- -- -- -- -- --

1838 -- -- -- . -- -- - -- --

1844 .. -- - - -- - -- - -- - -

184 7-- ---- ------ ----

1849------ .. ---- ---: 

1850. - - - - - -- - - -- -- - . 
1853. - - -- - -- - - . -- -- -

1863------ ----------

1870 ...... ---- ·-----

7 18 

8 13 

8 27 

8 33 

9 02 

9 16 

9 15 
9 45 

9 50 
10 00 

10 ,f5 

12 00 

1872-- -- . -- -- - . -- -- - 11 50 

1873------ ---- ------ 11 50 

187 4. -- -- - -- --. -- -- 11 50 

0 I 

187x.. .. .. .. .. .. .. .. 12 20 

1879. -- -- . -- -- -- -- -- 12 30 

1880-- -- -- -- -- . -- -- . 12 30 

1881.--- ----: .. ----- 12 45 

1882-- -- . -- -- - -- -- -- 12 45 

1883------ ---- ------ 12 34 

1884-- -- . -- -- - -- ---- 12 45 

1r:85 -- -- -- -- - -- -- -- 12 40 

1886-- -- -- ---- -- -- .. , 12 30 

I 887.. .. .. .. .. .. .. .. 12 18 

1888 .... ------------ 12 30 

1889 .... ------------ 12 46 

1891 -- -- -- -- -- -- ---- 12 3() 

189:J.----- ------ ---- 12 30 
18!R .. .. . .. .. .. .. .. 12 40 

1875 __ __ __ __ __ __ _ __ _ 12 10 I 

--187~~~-~~-------12 0~---
18!H -_-_-_--_-_--_-_-_--_-_-----'-- 12 45 I 

NEWBURYPORT. 

[From Coast and Geo<letio Survey Report, 1888.) 

I 0 I 

'"'···· ........... -----;; ;, 1 I 18~3.. .... ------ ----~ I 18:>0 __________ .. __ __ 
8 30 

10 06 1887 -- -- -- -- -- -- - - -- 12 1~ 

PITTSFIELD. 

The following series, furnished by Mr. A. A. Fobes, engineer for the 
Board of Pu blie Works, is the result of a large number of comparisons 
of eompasses made on a meridian line in the city of Pittsfield. 

I 
-----------o------- --- ---1 

Year. 

1871. -- - -- - - -- - -- - -- - -- - --

1872-- - - -- - -- - -- - -- . - - - - - -

1873. - -- - - . -- - - - . -- - . - - - --

1874---- -----. -- .. ---- ----

1875 .... -- -- -- -- .. -- -- -- --

Declination. lwmarka. 

0 I 

8 51 
9 02 

9 00 
9 10 

9 13 

Mean of 5 comparisons. 

Mean of 3 comparisons. 

Mean of G comparisons. 

Do. 

----·------'-------'--

Mean of 4 eomparisonsj 



('ANNETT.] SECULAR VARIATION: MASSACHUSETTS. 

Dattt jo1· determination of secular ·variation-Continued. 

MASSACHUSETTS-Cont-inued. 

PrrTSFIELD-Contin ned. 

Year. 

1876 ......... -------------

1877------ .. ---------. ----

1878 .. ----------.----- ----

1879.-.-.----- -----. ---- -· 

1880 .. ---- ··- ---.---------

1881.. . -- - . -- -- ... - - . - ----

1882.------- --------------

1883 .... ---- ·----· --------

1884 .... ---- -----· -----· --

1885.---------------------

1886 .... -------------- ----

1887---------------------. 

1888 ............ -··· -- ... . 

188!). .... - ..... - ---- . ----. 

1800 .. ----.--. ---- ---- ... . 
18!Jl.- ... -.--.----- ..... . 

1R92 ..................... . 

Declination. 

0 I 

9 02 
fl Oil 
!)l:J 

!) 00 
g 20 

9 20 

9 35 

9 53 

9 49 

9 46 
9 57. 

9 52 
n 58 

9 57 

10 00 

10 05 

10 09 

Remai'ks. I 
--

Mean of 2 comparisons. 

1 comparison. 

Mean of 2 comparisons. 

1 eomparison. 

Mean of 2 comparisons. 

1 comparison. 

Do. 

Mean of 2 comparisons. 

Do. 

Do. 

Mean of 3 comparisons. 

Mean of 4 comparisons. 

Mean of 2 comp:uisons. 

Do. 

·Do. 

Mean of 4 comparisons. 

Mean of fi comparisous. 

1R!J3 ...................... 1020 Mean of3comparisous. 

189-1.... ...... .... .... .... 10 20 Do. .;o""" I 
1895.:~-~~~--------_-_·_-_·_··_·_·,_ 10 2fi ~~~:f 5 compm~ 

PROVINCETOWN. 

[From Coast aud Geodetic Survey Heport, 1888.] 

Year. I 
1---

Declination. :J Year~--=-~D~clinatiou~~ 
- I 

1 

1835 ... - .... ---.---. 

0 I 

8 1;) 

!) 20 l1833 ............... . 

---- , ___ _ 
1860 ...... ··-- ...... I 1°1 ~4 I 

---~~- _j 

SALEM. 

[From Coast and Geodetic Snn-ey Report, 1888.] 

~-

1

1805 ............... . 

1808.- ...... - .. - ... . 

1

1810 ........ -- ..... -· 

1833 .. - ... ·--- ..... . 

0 ' 

5 57 

5 20 
5 57 

8 30 

1849 ............... . 

1855 ............... . 

1877-- ............. . 

1887---.- ..... - .... . 

- :o 1~1/ 
10 50 

11 30 

12 38 
) ___ -------'------ . ________ __._ I 
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224 MAGNETIC DECLINATION lN THE UNITED STATES. 

Data for determination of ucula1· variation-Continued. 

MASSACHUSETTS-Cnntinne<l. 

VVALTHA~l. 

Tbt:> follo,wing series is the result of comparisons of compasses upon 
a meridian liue at Waltham. It was fnrnisiled by Francis n. Kendall, 
connt.y engineer. 

i~~~----- ;_e_a_r. _______ D~~=~~I-.o-n-.~--= ,;..,.,,;;;;:- l 
[ 1872. _. ______ . _ .. _ -~~ --;~--~ I Menn of ii compnrisons. 

1873 __ __ __ __ __ __ __ __ __ __ __ . 11 22 1 

1876---- ---- ------ ---- ---- 11 30 ! 

1877- -- - -- -- --- - -- -- -- ----

1878- -- - -- -- -- -- - -- . -- -- --

1882 .. -.------------------

1884-- -- - -- - -- -- -- -- -- -- --

1887 -- -- -- -- -- -- -- -- -- -- --

1889-- - --- -- . --- -- - - -- - -- . 

1890 .... -------------- .... 
1891. .. - ... - - - .... - . -- - -- . 

1893 ... - -..... -- - - - - - . - -- -

18!l5 .... -- .. -- -- .. -- --- ---

11 45 

11 30 

11 25 

11 41 

11 57 

12 00 

12 07 

12 23 
12 25 

12 22 

Mean of 3 comparisons. 

Mean of 2 comparisons. 

1 comparison. 

Do. 

Mean of 3 comparisons. 

Mean of 2 comparisons. 

Do. 

Do. 

Mean of 3 comparisons. 

1 comparison. 

::::::: :::;:~~:::: I 
VVILLIA~ISTOWN. 

[From Coast and Gco<letic Survey Report, 1888.] 

~---;:,:_---- illecli~at:o~l~-----;::~~-----D-e-cl-in-a-tio-:J 

1
----- -,--- ----1-- -·--1 

I Q I C I 

I 1833 .... ------ --~----, 6 15 ! 1876 ...... ---------- 10 31 I 
I 1837 .............. __ 7 45 ' 1886 .............. --I 10 21 , 
j______ ----------- _ _j 

WoRCESTER. 

The following series, furnished by tile engineer of Woreef'ter County, 
repmsentR the means of large numbers of compass comparisons upon a 
meridian line established in the city of Worcester: 

r=-·. ''"'· 1"-e_c_lio_n._;,:l- ~ -~::;;;;:-; 
1871. ___ ..... __ ... __ ..... -~ 10 27 1 Mean af ;{comparisons. I 
1872.... .... .. .. .... .... .. 10 16 Mean of 18 comparisons. 

1873.... .. .. .. .. .. .. .. . .. . 10 12 Menu of R comparisotJS. 

1874 .. ---- .. ---- ........ .. 

1875 ...... --- ... -- .... -- .. 

1876.--- .... --; .... ---.---

1877 .. - ... - -- ....... -- .. -., 

1878 .. - - ... -- -- .. -- - .. - ... 

10 24 

10 32 

10 22 

10 26 

10 ·i5 

Mean of 10 compariso11s. 

Mean of 5 comparisons. 

Mean of 8 comparisons. I 
·r Do. 

Mean of 4 comparisor~ 



G.\NNET1'.] SECULAR VARIATION: MASS.-R. I.-CONN. 

Da•a for cletermination of secula>' 1>ariation-Continned. 

MASSACHUSETTS-Continued. 

\Vo!WI~sn;R-Continned. 

Year. 

1879 ... --- ·----. ---- -----· 
1880-- -- -- -- -- -- -- -- -- -- --
1881.----- ------ . -- --- ----
1882 -- -- -- -- -- -- -- -- -- -- --
1883 -- -- -- -- -- -- -- -- -- -- --
1884 ........ ---- ·- ---- ---. 
1885 -- - - -- - - - -- - -- - - - . -- --
1886 -- -- -- -- -- -- -- -- -- -- --
1887-- -- -- -- -- -- -- -- -- - - --
1888- - - - . - - - - - - - -- - . - - - - - -
1889 - -- -- -- -- -- -- -- -- -- --
1890-- -- -- -- -- -- -- -- -- - -- -
1891.--- ---- ---- ---- -- -- .. 
1892-- - - -- - - - .. - -- - -- - . - - -
1893 -- -- -- -- -- -- -- -- -- -- --
1894. -- - -- -- --- - . - - - -- - - --
1895 .... ------------------

Declination 

0 I 

10 45 
10 50 
10 58 
10 fi!J 
11 00 
10 55 
1057 
11 09 
10 58 
11 19 
11 Oll 
11 10 
11 20 
11 29 
11 22 
11 21 
11 38 

Remarks. -l 
1---~-----, 

Mean of 8 comparisons. 
Mean of 11 comparisons. 
Mean of 4 comparisons. 
Mean of 7 comparisons. 
Mean of 5 compa.risons. 
Mean of 7 comparisons. 
Mean of 6 comparisons. 
Mean of 4 comparisons. 

Do. 
Mean of 7 comparisons. 
Mean of 5 comparisons. 
Mear:. of 10 comparisons. 
1 comparison. 
Mean of 5 comparisons. 
Mean of 3 comparisons. 

~~: I 
RHODE ISLAND. 

[From Coast and Geodetic Survey Rbport, 1888.] r== Y:;----~Declination:J ---;:a~----rc~~-:=-j 

0 I I 0 I I 

1800 -- -- -- -- -- -- -- --
1805----- ....•...... 
1810-- ......... - -- --
Hn5 .... __ .......... 

1819---- --'- ---- ----

L
1825---- . ----- ------
1830 .... ------------
1835 . - - -- - -- -- - - - -- -

6 15 
6 19 
6 24 
6 30 
6 37 
6'51 
7 10 
7 34 

1840-- -- -- -- -- -- -- --
1841. -- - . - - - - ... - - --
1842 .. --------------
1843-- -- -- -- -- -- -- --
1855 -- -- -- - - -- -- -- --
1884 .. -- ------ ------
1885 .. ---------- .. --

CONNECTICUT. 

HARTFORD. 

[From Coast and Georletic Survey Report, 1888.] 

8 25 I 
8 31 
8 39 
8 46 
9 31 

11 08 
11 10 

~--.Year. I Declination. _____ Y_ea_r_. ____ IDeclination. 

1 1810 .. ____________ __ 

182~:::: ::::::::::::1_ 
g ____ -------- ----! 

I 

17 GEOL, P'l' I--HI 

0 I 

4 46 
5 45 
6 03 
6 03 

1859 .... ------------
1867-- - - - - - -- . -- - - --
1879-- -- -- -- -- -- -- --

0 I 

7 17 
7 49 
8 34 

225 



226 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of Becular 1Jariation-Continued. 

CONNECTICUT-Continued. 

NEW HAVEN. 

[From Coast and Geodeti" Snn·ey Report, 1888.] 

Year. \Delllination. 
1 

Year. I Declination.! 

G ' u ' 

1811...... .... ...... 5 10 1845 .............. .. 6 17 

6 34 

7 03 

8 27 

8 41 

8 55 
9 00 

1819.... ...... ...... 4 25 1848 .............. .. 

1828 ...... ,..... .... 5 17 1855 ............... . 

1835 ............... . 

1836 .............. .. 

1837 .............. .. 

1 ~840 ................ 
1 L844 ................ 1 

5 41 

5 55 
5 50 

6 10 

5 45 

1872 ............... . 

1878 ............... . 

1884 ............... . 

1885 .............. .. 

PUTNAM. 

[Reporte<l by Mr. Edgar Clark.] 

~;:~ ......... .. 
L840 .............. .. 

G I 
0 ,--1 

~_!_~~'--1-86_6_._-_--_·_··_·_·_··_·_·_·--·~_:_:'j 
.NEW YORK. 

ALBANY. 

[From Coast and Geodetic Survey Report, 1888.] 

Yon. Docl<m.<<•"· · y.,,. D~<<ooUon.l 
- ------ ---------

1817 .............. .. 

1818 .............. .. 

1825 .............. .. 

1828 .............. .. 

1830 ............... . 

I _:; : :: : . 

0 I 0 ( 

5 44 

5 45 
6 00 

6 16 

6 18 

6 32 

6 40 

1836.... ...... ...... 6 47 

1847 ...... ...... .... 7 35 

1855...... .... ...... 7 55 

1856.... ...... ...... 8 39 

1858...... .... ...... 8 17 

-18-79_._-_--_·_·_--_-_-_ .. _-_--_-~_:'"'_[ 
BUI<'FALO. 

[From Coast and Geodetic Snrvey Report, 1888.] 

1837 ............... . 

1839 .............. .. 

1845 .............. .. 

1859 .............. .. 

() I 

1 25 

1 15 

1 25 

2 56 

1872 ............... . 

187:3 ............... . 

1885 .............. .. 

0 I 

3 52 

3 58 

5 04 

'-------



GANNET'r.] SECULAR VARIATlON: NEW YORK. 

Data for determination of secular variation-Continued. 

NE.W YORK-Continned. 

CANANDAIGUA. 

[FromM. T. Clark, surveyor.] 

~--.--Yo~.- ITI-ec_u_n_a_ti-on_·I----Y_e_ar_. ____ Declination.J 

~~~~~--------- __ -~ ~---_--__ 
1 
__ : ;. 1 1890 _ _ ___ _ __ _ : .;,_ j 

COLD SPRING HARBOR, L. I. 

[From Coast and Geodetic Survey Report, 1888.] 

~ I 

I 1818................ ~ ;2 I 
l~~44 ........ _ .. _·_· ._ .. _· '---6-3_o_ 

I 
1864 ................ , 
1886 .............. .. 

-0 ~ 

7 47 I 
83~ 

KINGSTON. 

[From Mr. Edwar<i B. Codwise.J 

; 1; 111893 ----- ---------1 
ol 
9 40 I 

NEW YORK CITY. 

[From Coast and Gco<letic Survey Report, 1888.] 

1"1824.. .............. I c ' 
-~~ 

1834 ................ 1 

1837 ................ I 
1840 ................ [ 

1841. ............... 1 

1842 .............. .. 

4 40 

4 50 

5 40 

5 27 

6 06 
5 32 

6 13 

6 25 ~:::::::::::::: 
----'-----

1846...... ...... .... ~ :~ I 
1847 ................ 541 

1855 ............. .. 

1860 .............. .. 

1873 .............. .. 

1874 .............. .. 
1879 ...... ______ .... 

1 

1885 .............. .. 

6 43 

6 44 

7 09 

7 23 

~:u 
[From Mr. Asa Stanton, surveyor.] 

~---·- I 
11877 .......... ·-----1 
i 1882 ............ ----1 

I 
1883 ................ 

1 1884 ................ 

1 1885 ............. .. 

1 ~886 ................ 1 

L7---~=J-

0 • 

6 32 

6 37 

6 36 

6 32 

6 45 

6 52 

6 52 

1888 .............. .. 

1889 .............. .. 

1890 .............. .. 

1891 ............... . 

1892 ............... . 

1895 .............. .. 

1 

7 03 

7 03 1 

7 03 

7 03 I 

:J 
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228 MAGNETIC DECLINA'l'ION IN THE UNITED STATES. 

Data for determination of secular variation-ContinueJ, 

NEW YORK-Continued. 

0XFORD1 0HENA'N<TO COUNTY, 

I----Y_e_a_r_. ---IDeo~i~~~io~~ 
0 I 

1817 .............. .. 
1828 ............... . 
1834 ............... . 
1837 .............. .. 
1838 ............... . 

3 00 
4 30 
3 52 
4 30 
4 27 

184U.... ...... ...... 5 11 

Year. 

--------

1857 ............... . 
1858 .............. .. 

! 1873 .............. .. 
1874 .............. .. 
1885 .............. .. 

ID 1" . ) ec Jllatmn. 

0 I 

5 44 
5 47 
6 52 
6 56 
7 43 

----· ·--·~-----

PIERREPONT :MANOR. 

[l!'rum Coast ani} Geodetic Survey Report. 1888.] 

11823 .............. .. 
01 ~ 

1847 .............. .. 
2 w 1866............ .... ~ ~~ I 

: ~~ ~~~~: : : : : : : : : : : : : : : : ~ ~~ I 
I 

1856 ........ · ...... .. 
1860 ............... . 5 36 1869.... .... .... .... 6 18 

I 1863.. ............ .. 

I ~~~!---- .......... .. 
~--·---;--------

5 44 1870. ____ .. _.... .... 6 04 I 
5 50 1874 . .. .. . .. .. .. . .. 6 33 
6 00 

------- -- - - -

ROCHESTER. 

[From J. Y. McClintock, city engineer.] 

I 
1 1876 .............. .. 
L.893 ............... . 

0 I 

5 41 
6 42 

---· ·~--1 :--;~ 
1896 ............ ""I 6 23 I 

~----_j 
NEW JERSEY. 

The following series are taken from volume 1 of the final report of 
. the Geological Survey of New Jersey. 

MOUNT HOLLY, BURLINGTON COUNTY. 

[From comparisons of instruments on a. meridian line.] 

Y 'D I' t' ! Hemarks. 
___ e_a_r. ______ l_"_"_n_Ia_J_o_n_.

1

[ ________ _ 

1866 .................... .. 
1870 ..................... . 
1873 .................... .. 
1875 .................... .. 
1877 .................... .. 
1879 .................... .. 
1881. ................... .. 
1882 ..................... . 
1885 .................... .. 

0 I 

5 36 
6 00 
6 10 
6 12 
6 32 
6 42 
6 50 
6 53 
6 57 

Mean of 10 comparisons. 
Mean of 15 comparisons. 
Mean of 10 comparisons. 
Mean of 16 comparisons. 
Mean of 9 comparisons. 

Do. 
Mean of 12 comparisons. 
Mean of 11 comparisons. 
Mean of 16 comparisons. 



GANNETT.) SECULAR VARIATION: NEW JERSEY. 

Data for detm·mination of secular val'"iation-Continued. 

NEW JERSEY-Continued. 

IJAPE MAY, CAPB MAY COUNTY. 

Year. Declination. I Year. \!Declination. 
----------------- --- ·---

r · . · o I 

1 1846 ................ 
1 

3 o5 

I 
1849 ................ 1 3 05 
1850. ............... 3 11 

I 1855.... .... .... .... 3 45 
! . 

1857 .............. .. 
1874 .............. .. 
1881. ............. .. 
1888 .............. .. 

0 I 

3 30 
·1 38 
5 06 
511 

------------------------------------
BRIDGETON, CUMBgRLAND COCNTY. 

;----------------------...,------ --..._....,--------- --- -----

1 Year. Decli:at:on.I------R-e_m_a_r_k_s. _______ 
1 

i 1846u:::::::: :::::: : 
2 59 
4 51 
5 18 

Mo=of17ob~~atiooo. I 
Mean of 9 observations. 

-----

WOODBURY, GLO{;CEsnm COUNTY. 

1846 .................... .. 
1865 .................... .. ~ 

0 I 

1867 .............. -··· .. .. 
1870 .................... .. 

3 45 
4 48 
·1 49 
4 46 
511 
6 01 

Mean of 23 observations. j 

1874 .................... .. 
1883 .................... .. 

Mean of 15 observationsj 
Mean of 4 observations. 

------------
JAMESBURG, MIDDL~;REX COUNTY. 

Year. 

1815 ................ 
1826 ................ 

------------.---------------

Declination. I 

: ,;, I 1829 .. 

3 5o I 1887 .. 

Year. Declination. 

0 I 

3 52 
7 25 

--------~------

NEW BRUNSWICK, )liDDLESFJX COUNTY. 

1800 .............. .. 
1804 .............. .. 
1811. .............. . 
1814 .............. .. 
1815 ............... . 
1830 .............. .. 
1836 .............. .. 
1838 .............. .. 
1846 .............. .. 
1848 ............... ·. 

0 I 

2 24 
2 30 
3 19 
3 07 
3 13 
3 34 
·1 40 
4 45 
5 23 
5 10 

1850 .............. .. 
1863 ............... . 
1864 .............. .. 
1866 ............... . 
1870 ............... . 
1880 ............... . 
1884 .. 
1886 .............. .. 
1887 ............... . 

-:: : 

6 lO I 
6 00 
6 24 
7 15 
7 30 
7 30 
7 32 

1----------------~"-------------'-------' 
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230 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determinatiot~ of Becular t•ariation-Cautiuued. 

NEW JERSEY-Continued. 

SANDY HOOK, MONMOUTH COUNTY. 

I 
Year. Declination. Year. Declination.~ 

1842 .............•.. 

1844 ............... . 

1855 ............... . 

0 ' 

5 32 
5 51 

611 

1873 .........••.•... 

1879 ............... . 

1885 ............... . 

So~mRVILLE, SOMERSET COUNTY. 

1 18&1-- _______ _ 

I 
1865 ............•..• 

1866 .....•.......... 

I ~~~:······ ......... . 
~--------------

0 I 

5 45 

5 50 

6 15 

5 55 

5 58 

1869 ............... . 

1870 ...... ······ ... . 
1873 ............... . 

1887 ............... . 

HARDWICK, W AHREN COUNTY. 

0 I 

! 
I 

c ' 

7 09 

7 32 
7 53 

0 I 

6 00 

6 00 

6 27 

7 19 

I 0 , 

1866.... •. .• • ••. . •. . 6 03 1881. .............. 'I 6 58 

1868. ..... ... ... .... 6 10 1886 ...... ······ .... 7 11 

1870...... .••••• .... 6 18 I I 
'------------'--------"-----'--------

PENNSYLVANIA. 

The following series are, except where noted, derived from the report 
of the Secretary of Internal Affairs of Pennsylvania for the year 1887: 

ADAMS COUNTY. 

Year. Declination. Year. 

0 I 

1847 ............... . 2 15 1877 .•..........•... 

BEDFORD, BEDFORD COUNTY. 

1850.--- --- - -···--_-I ~ ;0 111883 ...•........ ----1 

HOLLIDAYSBURG, BLAIR COUNTY. 

1854 ••••••.•••...•.. 

1859 ...••. ···•·· •••. 
1861. .•••........... 

0 I 

2 32 

2 35 

3 00. 

1873 ..•.•....•...••. 

1887 ...•............ 

Declination. 

G I 

3 45 

0 I 

3 34 

0 I 

3 45 

4 27 



GANNETT.] SECULAR VARIATION: PENNSYLVANIA. 

Data for deteJ'1nination of aeculal' variation-Continued. 

PENNSYLVANIA-Continued. 

TOWANDA, BRADFORD COUNTY. 

Year. Year. --~Declination. Declination. 

-----------------
0 I 0 I 

1856 - - - - -- - - _, , - - - - - 4 30 1895---------------- a7 35 

1878- - - - - - - - _, - - ~ - - - 5 30 

a. County tmrveyor. 

NEW YORK LINE, BBADFORD COF:s'TY. 

0 I 

6 20 
1
--:sro =- -- -I ; ;, 11

1878 - - I 
----------~-------~--- ------~------1 

WESTCHESTER, CHESTER COUNTY. 

-1 ~-~--

1 1832- - - •.. -•..• , - . - -L 1~52 _____ , ........ __ 

0 I 

3 25 

4 25 
1875.-- .. -----------

1878- - - - - - - - -- - - .. - -

CLARION, CLARION COUNTY. 

0~ 
5 45 1 

5 52 
- I 

II

- -~--~ 

-~ _d_o ---"--1-8~_,7_. ___ ............. 
1 

~ ;:J 
CLEARFIELD COUNTY. 

~--- - - I -l 
111l62- --- -1 : ;, 111878 ~---_··_--_·-~_;_~6 J 

CARLISLF., CUMBERL4-ND COUNTY. 

I 0 I I I 1854 .... ______ ______ 2 10 1883 .... ____________ \ 

I 1877 _____ ... ____ -_-_-_.· __ 3_5_6~'--------

HARRISBURG, DAUPHIN COUNTY, 

11840 ............... . 

1

1843 ....•••....... --

1854 .... ------------

18:\7 ........ --------

1

1860 .... ------------
1862 _ ~ _____________ .

1 

0 I 

3 12 

2 35 

'3 06 

3 19 

3 30 
344 

1874________________ ~ ~1 I 
~:~~:::::::::::::::: a!~~ 
1881. . - . . . . . . . . . . . . . a 5 17 
1885 .. ______ ____ ____ 5 21 1 

1889 .... --------~-~~ 

a Coast and Geodetic [Survey. 
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232 MAGNETIC DECLINATION IN THE UNITED STATEt;. 

Data for determination of secula1· l!at·iation-Continued. 

PENNSYLVANIA-Continued. 

\VILcox, ELK CouNTY. 

Declination. Year. Declinat~ 

0 I I 
__ 2_o_o----'-'----18_il_1_. _-__ _. .. _--_-_-_-______ · --'----'1_2~ 

0 I 

UNION, FAYETTE COUNTY. 

1873 ...... ---------- ~ 30~ 
1879________________ 2 47 

1880- - - - - - -- ---- --. . 2 50 

1881. -_-_-_--_--_-_--_-_-·_·___.-_· 3~~ l
~~~2 ...... ---------- ~ 0~ 

855 ____________ ---- 1 3(1 

860- - - - - - .. - . - - - - - - 1 40 

871. - - -. - - - - - -_-_-_-_--_·i __ 2_1_9__._ 

CHAMBERSBURG, FRANKLIN CouNTY. 

1807-- -- -- -- -- -- -- --

1809 .. - ....... -----

1816-- ...... ---- ----

1818 -- - -- - .. ---- -- --

c ' 
0 40 E. 

0 45 

0 30 

0 30 

1822 __ .. .. .. .. .. . .. . a 0 15 

1825: ............. __ 0 15 E. 

1830 .. -------------- 1 15 w. 
1836 __ ........... ___ a 0 27 

1840 ............. __ a 0 54 

1850-- -- -- -- -- -. -- . 1 30 

1869- - - - -- . - - - -- .. --

1871 ------ --- ....... 

1873---- -- ---- ------

187!1---- ------ ---- .. 

0 I 

a2 40 

a2 55 

a3 00 

3 12 

1876 ................ a312 

1877 .. .. .. .. . . .. . • . . a 3 20 

1878 __ .. .. . . .. .. . . .. a 3 24 

187H.. .. .. .. • . . . .. .. a 3 31 

1880 __ .. .. .. .. .. .. .. a 3 36 

1881. . __ ..... __ . .. .. a 3 41 

1852 __ ............ __ a 1 42 1882 __ .. .. .. .. .. .. .. a 3 45 

1859 .. __ .. __ ...... __ a 2 12 1883.. .. .. .. . .. . .. .. a 3 49 

1860 ............ __ . _ 2 10 1884........... ..... a3 49 

1863 ................ a215 1885................ a3 54 

1864 ................ a2 19 1886.... .... .. ...... a3 55 

1865 ...... __ .. .. .. .. a 2 24 1887. .. .. . .. .. .. .. . . a 3 58 

1866 ................ a2 2-5·-----'--l-89_5_._--_-_-_--_-_ .. _·_·_··_·--'·-b4 40 I 
1867 ................ a2 35 __j 

a Uoa~t and Geodetic Snrvey. b County surveyor: 

McCONNELSBU1W1 FULT0°N COUNTY. 

G:, _________ _ 
L884.. __________ . __ . 

0 I 

2 00 

4 05 

0 I l 
1885-- - .. -- ....... - . 4 10 1 

I 



GANNETT.) 8ECULAR VARIATION: PENNSYLVANIA. 

Data for determination of Becular variation-Continued. 

PENNSYLVANIA-Continued. 

WAYN~;SBORO, GREENE COUNTY. 

Declination. 
_______ i I 

Year. Year. 

------ - ----

Decl_inat::l 

1883 ............ · ... . 
I 0 , 0 ' 

2 2!J 

-------'---~ 

1852 ................ 
1 

o 45 

L876 .......... ______ 
1 

2 03 

!:'<DIANA, INDIANA COUNTY. 

1-
~852 ...... ··-· ···---1_ ~ 5~ 111887 ............ ----1 

0 ' 

3 45 I 

:J 
LEBANON COUNTY. 

L 185tc______ ---~-; ~ 111876 _ ----··_---__.__-1_: ;~ 
WILLIAMSPORT, LYCOMING COUNTY. 

I 
11841 ............... . 

l~873 .... ·-·· ....... . 
() ' 
3 00 

4 46 
187-L ..... ·----· -·--

1878 .... ·····- ····-· 
'---~-------------L 

SoMERSET, SOMERSET CouNTY. 

I 0 I 

0~ 
4 50 I 
5 15 I 

0~ 
1 1855 ...... ______ ·-_--

L~5~----··----··---
100 3451 

--2--45~-----------~--· _j 

1887 ............... . 

LEWHlHURG, UNION CouNTY. 

----------

1869 ............... . 

1878 .............. .. 

0 ' 

411 

5 00 

1887 ............... . 

HATBORO, MONI'GO:ImRY UOUNTY. 

1800 ............ ·-·· 

1810 .... ··-· ....... . 

1820 .............. .. 

0 ' 

] 55 

2 00 

2 27 

1830 ............... . 
1840. ___ ........... . 

1850 ............... . 

~ 
5 35 I 

I 

~ 
: ~~ I 
3 50 I 
4 25 
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234 MAGNETIC DF.CLINATION IN 'l'HI<] UNITED STATES. 

Data for determination of secular varia.tion-Continued. 

PENNSYLVANIA-Continued. 

PHILADELPHIA. 

I_Y_e_a,_·. ____ I:I-D_!'_ci_ir_"_'t-io_n~.II----Y-e_.a_r_. 
[- 0' 

\ 

1802 .............. .. 
1804. .............. . 

1 :!0 
2 00 
2 25 
3 52 
4 32 

1862 .............. .. 
1872 ............... . 
1877 .............. .. 
1884 .............. .. 
1895 .............. .. 

11813 ::: _: 
a Coast and Gc.o ~,c:-le-tc-ic--=s::-u-r-ve~~~-.---h-County surveyor. 

LEWISBURG, MH'FLIN COUXTY. 

~ ............ .. I ~1~8~;--1 o~ .............. .. 
1854 .............. .. 

0 ' 

1864 ............... . 
1866 .............. .. 
1876 ............... . 

Declination./ 

u I I 

a5 00 ·1 
a5 28 

~j 

1857 ............... . 

1 55 
1 50 
2 00 
211 
2 50 

1894...... ...... .... a4 30 
1861. ............... 

1 

a, County surveyor. 

WASHINGTON, WASIIINGTON COUNTY. 

11852................ ; 1~ 187'-... .. . ...... .. . i;l 
1856...... ...... .... o 25 1875...... .... ...... 1 58 I 

1 1857 .... ...... ...... o 25 1878.... .... .... .... 1 40 

I ~;~~::_:_._-__ :_: __ -_--_-_: __ : __ -_--_-_: __ -_-_: __ :~--~-~-)~~~~-~-~3_6:_:_:_::_:_::_:_:_~~_:_:_::~ ; ;~1- I I L 120 1887 ................ ~ 

BROOKVILLE, .JI~FFERSON COUNTY. 

The following series, furnished by James B. Caldwell, county sur­
veyor, is derived from compass comparisons on a meridian at Brook­
ville: 

~-Yea_r. ~ I 
Dechna.tion. 

0 ' 

1851...... ...... .... 1 00 

1852........ .... ... 1 10 

1854.... ...... ...... 1 10 

1855...... .... ...... 1 00 

Year. 

1860 ............. .. 

1861 ........ .. 

1862 .............. .. 

1863 .............. .. 

Declination. 

0 I 

1 15 

1 30 

1 30 

1 30 

1851L .. .. . . .. .. . .. .. 1 00 1864 . .. .. . .. .. .. .. .. 1 30 

1Ki7 ................ 
1 

1 30 1865........ . .. . .. .. 1 45 

1

1858.... .... .... .... 1 30 1866..... ...... .. 2 00 J 
" 185!l .. ~=-·---_-_-_ .. _;,) __ 1_2_o_c.__1s_6_7_._ ......... =-·-- 1 50 



GANNETT.] SECULAR VARIATION: PENNSYLVANIA. 

Data for detm·rnination of secular variation-Continued. 

PENNSYL V ANIA-Continned. 

BROOKVILLE, JEFFERSON COUNTY-Continued. 

Declinatiutl, I-~~~Y_e_a_r_. ~~- De~~nat.ion.l 
0 f 0 I 

1868 .......•••..•... 
186fJ ............... . 
1870 ............... . 
1871 ............... . 
1872 ........•....... 
1873 ............... . 
187-1..- ... -........ . 
1875 ............... . 

- 187G ............... . 
1877 .......•........ 
1878 ...... -.....•... 

11879 :::: ::: 

2 00 
2 08 
2 20 
2 22 
2 20 
2 30 
2 45 
2 45 
2 45 
2 53 
250 
3 00 
3 03 
3 06 

1882 .. --- .......... . 
1883 .....•••... - ... . 
188<1. ........•...... 
1885 ............... . 
1886 ............ -··· 
1888 .... -- ...•. -- .. . 
188fJ .... -.......... . 
1890 ............... . 
1891. ......•........ 
1892 ............... . 
1893 ............••.. 
1894 ............•..• 
1895 .......•........ 

YORK, YORK CouNTY. 

il 10 
3 18 
3 20 
3 :30 
3 30 
3 30 
3 37 
3 40 
3 44 
3 3fJ 
3 4S 
3 50 
3 51! 

235 

The following series, furnished by the county surveyor, Mr. Edward 
Gross, contains the results of compass comparisons made on a meridian 
line at York: 

I 
Year. !Declination. 

- -------- ---

1

1875 ..•.•. ··•··· ..••..••.. 
1876 .... ~ .........••...... 
1877 ..•••...• -- •... - ..... . 
1878-- .........•........ -. 
1879 ........ -............ . 
1880 .......... ···-·· ··-··· 
1881.. .............. ·····-
1882 ... --- ------ ......... . 
1883 ...•...••............. 
1884 .... ------ ........... . 
1885 ....... -... · ........... . 
1886 ........•............. 
1887 ..................... . 
1888 ................ ··-··· 
1889 ..................... . 
1890 ... --- ............... . 
1891. ..... ······ ....•..... 
1892 ...•.. ···-·· ···-·· .... 

11893.::::::::::::: :·::: :: 
..................... 1 

0 I 

4 47 
4 59 
5 01 
5 05 
5 12 
5 ~5 
5 17 
5 25 
5 22 
5 30 
5 30 
5 34 
5 34 
5 42 
5 35 
5 45 
5 40 
5 5fi 
5 57 
5 37 
6 09 

-Remarks~- =l 
Mean of 5 comparisons. 

Do. 
Do. 
Do. 

Mean of 3 comparisons. 
Mean of 4 comp:uisons. 
Mean of 3 comparisons. 
Mean of 2 comparisons. 

Do. 
Mean of 4 comparisons. 
Mean of 3 comparisons. 
Mean of 4 comparisons. 

Do. 
Mean of 3 comparisons. 
1 comparison. 
Mean of 2 comparisons. 
Mean of 3 comparisons. 
Mean of 2 comparisons. 
Mean of 4 comparisons. 
Mean of :~ comparisons. / 

Do. _j 



236 MAGNETIC DECLINATION IN 'l'HE UNITED STATES. 

Data for determination of secular variation-Continued. 

PENNSYLVANIA-Continued. 

HONESDALE, WAYNE COUNTY. 

Observations from 1885 to 1895, inclusive, are from compass compari­
sons on a meridian line, furnished by Mr. L. S. Collins, county surveyor. 

1

-- Year. ~~eclination.I ____ R_e_m_a_r_k•_· __ 

0 I -I 
I 

1 1855. ____ .. ____ .. ______ . . . 5 29 

1876 ... - .. --- .. -.-- .. ----. 6 45 

1885------ .. -. ---. -.-. --.. 7 37 Mean of 8 comparisons. 

Mean of 6 comparisons. 1886 .. -------···----·----- 7 39 

1887---- ------ ---. ---- -... 7 31 Do. 

1888. - - - - . - -- . --- - . - - -- . -. 7 37 Mean of 7 comparisons. 

Mean of 5 comparisons. 

Mean of 7 comparisons. 

Mean of 5 comparisons. 

Mean of 6 comparisons. 

1889 ____ --·- ---- ·--· ---· -· 

1890 .... ·----· -----· ·-·· .. 

1

1891_ ___ -----------· ·---·· 

I 
1892 .. ·----· ---· ·--· ·--·-· 

1893 .... ------ --·- ---- -·-· 

7 36 

7 40 

7 42 

Do. 

1

1894 .. _ - - . ._ - - - - -- - - ---- .. I 

1895. -- - .. - - -- - - - - -- - - -- . ·I 

7 46 

7 53 

7 56 

8 03 

Mean of 7 comparisons. I 
Mean of 5 compariso:::_j 

GREENSBURG, WESTMORELAND COUNTY. 

r=-- Year. Declination. I ___ Y_e_ar_·. ____ Declina~ 

1 1854 _______ •.. ____ .. 

L 1876__ ____________ __ 

0 I 

1 00 

2 30 

1884 ______ ·-···· ···-

TYRONE, BLAIR COUN'l'Y. 

[From Coast and Geodetic Survey Report, 1888.] 

0 I 

~ 0~ I 
_j 

--o./ 
~871. ..... ···-·- -··- 3 09 

3 22 

3 20 

1875 .......... ···--· 3 26 1 

1 ~~~3 ..•..... ·- -··--· 

L---······-·--· 
1878 ____ . __ . _ _ _ _ __ . 3 42 I 
1879 ............ --~-~ 

BJCTIILEHEM, NORTHAMPTON COUNTY. 

[From Coast and Geodetic [:;urvey Report, 1888.] 
r-------------,------ -------- -

1841. - - - - . - - ....... . 

1851..---- --- ...... . 
1874 ______ ------ ·--· 

0 I 

3 26 
3 50 

5 19 

1878- . - . - - - - -- - - . - - 5 37. 

1881. - - - - - . - - - - . - - - . 
1882 ______ .. ·--· ----

1884 ..... -· ·-·· ----

0 I 

5 52 

_6 05 

6 06 

-----------~-----------------



GANNETT.) SECULAR VARIATION: PENNSYLVANIA. 

Dati! fo~· determination of secnlar variation-Continued. 

PENNSYLV Al'fiA-Continued. 

HUNTINGDON, HUNTINGDON COUNTY. 

[Ftom Coast and Geodetic Survey Report, 1888.] 

~ 
I -- I 

Decl-~~·ation.l ____ Y_ea_r_. ____ 
1
neclination. 

11840 .............. .. 

1849 ...... ---- ..... . 

1852-- -- -- -- -- -- -- --

0 I 

1 52 

1 59, 

2 16 

c ' 
1880 .... -----· ··---· 

1881. - -- . -- -- .. -- -- -

1883 ......... - -- -- -- 4 34 

1858 ............ ----

1860-- -- -- -- -- -- -- .. 

1874 .. -- .... -- .. ----

1879-- - --- -- -- .. - -- -I 

2 34 1884 _ .. __ . _________ . 4 37 I 
2 41 1885 . - -- -- -- -- . -- -- - 4 38 

: ~~----'--1-8-87 -..... -- -- .. -- --I _:J 
BEAVER, BEAVEH COUNTY. 

[From c •. ast aml Geodetic Survey Report, 1888.] 

PITTSBURG, ALLEGHENY COUNTY. 

[Frr,m_Coast and Geodetic Survey Report, 1888.] 

11&10 __ ~~---

1 

1845 -- .. -- -- -- .. -- --

1878 .......... -- .. --

0 ' li 
0 08 II 
0 33 ! 

2 22 i 

1884 .............. .. 

ERm, EIUE COUNTY. 

[From Coast and Geodetic Survey Report, 1888.] 

~-
1 1841. ..... ------ .... 
I 1855 ______ .. __ .. __ .. 

---~--------

0 ' 

0 30 
1 33 
1 39 

1875 ... -- - - .. - .. - .. . 

1876 ............... . 

1877 - .. - - . - - .. -- - - .. 

0 ' 

2 10 

2 50 

3 00 

I 
185!)- .. - .. -- ... - .. - . 

1862· ........ ·--- ---- 1 32 1883.... ...... ...... 3 20 

l1867 ...... -- .. - .... 

1873. ·=-----:.~: =-- : ~_: __ 1_8_8"_' ___ _:j 

237 



238 MAGNETIC DECLINATION IN THE UNITED S'TATES. 

Data for determination of secnlm· variation-Continued. 

DELAWARE. 

CAPE HENLOPEN. 

[From Coast and Geodetic Survey Report, 1888.] 

~Year. Year. Declination. I lneclination. 1 

0 . I 

I 1833.. .... ---------- 1 15 

2 26 

2 45 

0 I I 
1856- - .. - - - - -.. - - - -- 3 04 

1 1843 .... ------------

11846 ...... ---------
1885 ___ = '_:j 

Estimate of secular change by surveyor of Dover County, 3' p~r year. 

MARYLAND. 

BALTIMORE. 

[From Coast and Geodetic Survey Report, 1888.] 

I Year. Decliuation.
11 
_____ Y_ea_r_. ____ :DooliM<ill• I 

~- 01 • Of 

I 1808 ...... - - -.- .. -- . 0 12 1875- - .......... -... I ' 3 45 I 
1840 ..•••... - - - - - -- . 2 16 1877 .. - - -..... - ... - . 4 11 

I
. 184 7- •••..... -- . - - - . 2 19 

1856 .•••.. -- .... ---. 2 29 
- 1885____ ----- ·t_:_ I 

L_______ _______ _ 

The following are estimates of secular variation by county surveyors: 

I 

County. Sec. var. 
per year. 

----------

~~:::.- :::::: :: :::::::::::: : ::-::::-.::::: : 

DISTRICT OF COLUMBIA. 

WASHINGTON. 

[From Coast and Geodetic Survey Report, 1888.] 

Year. Dcclination.ll Year. Declination. ______ , ____ :, _________ , 

~ ;2 'I 1809 ...... ----------

1841.- ... ---- ... -----

1842 ...... ----------

1855 .... ---- --- .. ---

1856 ... ----. ---- ----

~::::::::::::::, 

120 

1 24 

2 24 

2 21 

2 25 

2 27 

1862 ..•... ·----- ----

1863 .......... ·-----

1866 ... --------.--.-

1867------ ---- .. ----

1868 .... -----· ------
18GH ......... -- ..... 1 

1870 .. -- ...... ------

-------

0 I 

2 39 

2 42 

2 44 

2 48 

2 51 

~ 



GANNETT.] SECULAR VARIATION: DIST. 0~' COLUMBIA-VIRGINIA. 239 

Da.ta jo1· (/(dennination of secular t·ariai'ion-Continued. 

DISTRICT OF C01~UMBIA-Continued . 

. vVASHINGTOX-Continued. 

Year. Declination. Year. 
, _________ -----

1871. ............. .. 

1872 .............. .. 

1873 ............... . 

1874 .............. .. 

1875 .............. .. 

1876 .............. .. 

1877 .............. .. 

I 1~~~---- .......... .. 

~----------------

0 ' 

2 57 

3 00 

3 00 

3 06 

3 15 

3 19 

3 39 

3 45 

3 50 

1880 .............. .. 

1882 .............. .. 

1883 .............. .. 

1884 .............. .. 

1885 .............. .. 

1886 .............. .. 

1887 ............. .. 

1~~~---- .......... .. 

1~8!l. .............. . 

VIRGINIA. 

CAPE HE:NRY. 

[From Coast and Geodetic Survey Report, 188~.] 

Declination. 

0 ' 

3 55 

3 55 

4 00 

4 01 

411 

4 09 

4 05 

:~ 

I . __ Y_e_ar_. _______ Dec_u __ n_at_i_on_.
11
1 ________ Y_e_a_r_._--_-_--_-_-_-_--,D_~:li~at~n-l 

0 f 0 I I 

180fl. ............. .. 

1832 .............. .. 

1856 .............. .. 

1874 .............. .. 

1879 .............. .. 
I 

0 00 

0 35 

1 28 

2 40 

2 32 

1881...... ...... .... 3 n I 

~::!:::: :::::: :~:::: : ~~ I 

1887 ...... ·_·_--_·_--_-_ .. _:_____:j 
WILLIAMSBURG, JAMES CITY COUNTY. 

[From Coast and Geodetic Survey Report, 1888.] 

r· 0, 0 ~ 
I 1809...... .... .. .... 0 33 E. 1874.. .... .... .. .... 2 12 I 
l~840 .... --=~ .... __ · '--0-4o_-_w_.--"---1-8-87 .............. ----'---3-0~ 

HARmso:~~nuRG, RocKI:NGHAM CouNTY. 

[Fron1 J. Hawse, county surveyor.] 

~ lo 111~95 ................ 1 

HOUSToN, HALIFAX COUNTY. 

[From }[arcclln:.. Frenelt, county surveyor.] 

~--- .-

i 'SM- L; de_l_l1895 .......... __ .. _-_ .. _-'--l-2_

0

_d_o_, 



240 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

VIRGINIA-Continued. 

KING WILLIA;H, KING WILLIAM COUNTY, 

[From L D. nobinson. county surveyor.] 

1876 ... ---.---------

1878.----- ----------

1880.--- ---- --------
L885 _______________ _ 

0 ' 

2 45 
2 48 

3 10· 

2 55 

Year. 

1890 ...... ----------

1892 .... ------------

1895.---------------

1896 ...... - ---------

LUHA Y, PAGE COUNTY. 

[.From F. T . .Amiss, county surveyor.] 

; do 11Is9n _ _ -----1 
MATHEWS, MATHEWS COUNTY. 

[From Lemuel Foster, county ourveyor.] 

I 0 I I 
I 1819. _______________ 1 0 45E. 1883 ...... ·---·-----

L~852...- ------------ 2- ~ll W.j 1895.--------- ·-----

SPOTSYLVANIA COUNTY. 

[From J. M. Smith, eounty snrveyor.] 

; ;~_II 1895 .......... ----~-1 
STAUNTON, AUGUSTA COUNTY. 

0 I 

2 35 

2 50 

2 58 

3 15 

0 ~-1 
2 32w.l 

4 56 Wj 

~-~-1 
I 

3 30 _I 

The following is a table of magnetic declination at different dates, 
prepared by J. R. McCutchen, county surveyor, for his own use, from 
experience iu retracing old stirveys: 

________ Y_e_ar_. ---I-D-ec_h_·n-at-io_I_I.I _____ Y_e_ai_·· ____ Decl:nati~ 
0 I 0 I . 

1800 .. -------- --·---· 

1805 .... ------------

1810 .... ---- ----.---

1815 .. -- .. ---------. 

1820 .... ···- ---- .... 

1825 .... -------- ---· 

1830 .. -· ... - --------

1835 .... ------------

1840 .... ---· ·-·- ----

1845 .... ------------
L___ 

2 05 E. 

2 05 

2 05 

2 00 

154 
1 47 

1 39 

1 26 

1 13 

0 58 

1850 .... ···- --------

1855 .... ---· --------

1860 .... ------------

1865 .... ------------

1870 .... ------------

1875 .... ------------

1880 .... --·- ---· ----

1885 .... --·- ---- .... 

1890 .... -------- ··-· 

1895 .... ---- ·---

0 42 

0 25 E. 

0 07 E. 

0 13W. 

() 32 

0 50 

1 09 

1 28 

1 45 

2 00 
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Data for determination of secular vm·iation-Continued. 

VIRGINIA-Continued. 

The following are estimates of secular variation by county surveyors: 

C County. Sec. var. 
per year. 

- ~-~--

Accomac. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 0 

Caroline.... . . . . . . . . . . .. . . .. .. .. .. .. .. .. . . .. .. .. .. . . . 3. 7 

Carroll .............. _. . . . . .. . . .. .. .. . . .. .. .. . .. . .. . . 8. 3 

Craig .............................................. __ 2. 3 

Fauquier ........................................... _ 3. 6 

Franklin............................................ 2. 8 

Greene .. .. . .. . .. .. . .. .. . .. . . . .. . .. . . .. .. .. . . .. . . .. . . 3. 0 

Lancaster............................................ 3. 0 

Loudoun ......... -................................... 3. 0 

Nansemond.... .... .... . . . .. . ... . ... . . .. . .... .. . . ... . 2. 3 

Pi ttsy I vania. .. . .. . • .. .. .. .. .. .. .. .. .. . . . .. . .. .. .. .. . 3. 3 

Stafford .. .. . .. . . .. . . . .. . .. .. . . .. . .. . .. . . .. .. . .. . .. .. 3. 3 

Year. 

0 1849 .. - - .. - - - .. - -- .. 
L858 .. ____ . : ______ __ 

WEST VIRGINIA. 

HANCOCK COUNTY. 

[From county surveyor.] 

Declination. 

0 I 

0 15 

0 30 

Year. 

1875. - - - .. -.. - .. - - .. 

1895 .. - .. - ...... -.. -

Declinat::l 

0 I 

1 50 

2 50 J 
The following are estimates of secular variation by county surveyors: 

County. 

Barbour ............................................ . 
Braxton ............................................ . 
Calhoun ............................................ . 
Greenbrier .... ---~ ................................. . 
Giles ............................................... -
Mineral ............................................ . 
Pocahontas ......................................... . 
Putnam ........................................... .. 
Randolph .............. ____ ................... __ .. .. 
Taylor ............................ __ ............ ___ . 
Tucker ......................................... : .. .. 
Tyler .......... _ .......... __ ....................... . 

LVebster ............................................ . 

17 GlWL, PT l--16 

Sec. va~ 
per year. 

3.5 
3.1 
3.0 
3.3 
2.4 
4.0 
3.5 
2.9 
3.0 
3.0 
3.0 
2.5 

3.~ 



242 MAG.N'ETIC DECLINATION IN THE UNITED STATES 

Data for determ·inat·ion of secular variation-Continued. 

NORTH CAROLINA. 

NEWBERN. 

[From Coast and Geodetic Survey Report, 1888.] 

I_Y_e_ar_. ____ 
1

neclination. Year. Declination. 

1- Ql 0 I 

I 1806oo 0 0 0 0. 0 0 0 0 •• 000 2 00 E. 
1 45 E. 

0 00 

1874.0. oo•. ooo ooo 000 1 20 w. 

l::o£ ::::::::::::: 1887000000 .......... 11 54 w. 

I 

The following are estimates of secular variation by county surveyors: 

County. 

Washington .... 0000 0 00000000 0000 .... ooOO 0000 .... 0000 

Stanly 000 0 0 0 oO 0 0 00 0 000 0 00 0 0 0 000 0 0 oo 0 0000 .• 0 0 000 0 000 0 

Columbus 00.0 0000 0 ooooo· ___ 0 000000 ..... o.o ... o ..... . 

Alleghany ....... 0 . 0 0 .. 0 00 0 0 ... 0 ...... 0 0 .. 0 0 ... 0 0 0 .. . 

Haywood .. __ 0 0 00 ... 0 0 0 .. 0 0 .. o .. 0 0 ........ 0 0 0 ....... 
1 

~:::~ ~:~~:~ ~ ~ ~ ~ ::: : ::: : ::: : :: ::: : :: : : :: : : :: :: : : ::: : I 
Randolph o··o 0000 .. o--- .. o. 0000 0000 0000.000.000 ... o. 
Currituck ____ . 0 0 0 0 0 0 _ 0 0 0 0 0 0 0 _ 0 0. 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Person .. ___ 00 0 ...... 00 .... 00 .... 00 ...... 00 .. 00 0 0 .. 00 

Halifax 0 .... 0 0 .. 00 0 .... 0 00 0 0 .. 0 0 0 00 0 .. 0 0 0 .. 0 0 00 0 . 00 . 

Brunswick .......... 00 .. 00 ........ 00 .. 00 00 ..... 00 0 00 

Gaston .. 0 0 ..... 0 ...... 0 00 0 0 0 .. 00 ... 0 00 0 .. 0 .. 0 0 .. 0 ... 
1 

Wilkes 0·--- .... ooOO .... o ...... _0 .. _ .. ooOO .. 00 .. oo : .... 01 

SOUTH CAROLINA. 

CHARLESTON. 

[From Coast and Geodetic Survey Report, 1888.) 

8ec. var. 
per year. 

3.0 

3.0 

3.0 

1.8 

2.5 
3.0 

3.0 

2.0 
3.0 

3o3 

300 

3.0 

3.0 

2.6 

I _Y_ear_. ___ 1Declination. 11 ~---Y-e_a_r. ____ Declination. 

0 I 0 I 

1824 ...... 000000 0000 

1833. 000000000 000000 

1837oooooooooooooooo 

L;::::: 
3 45 

4 00 

2 54 

2 44 
2 24 

1847 ... oo.ooooooCooo 

18490000 00 .... oooooo 

1874 .. 00---0 .. -00 00-

1880 .... 00 oooooo 0000 

1885 .. 0 .. - 0 - - - -0 0 00 0 

2 15 
2 17 

0 58 

JiU 
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Data for determination of secnlar variation-Continued. 

SOUTH CAROLINA-Continued. 

BEAUFORT, BEAUFORT COUNTY. 

[From George Gage.) 

I Y=. ID"''""''~It y- 1'""'':··~ 
\""······ ...... ····I ; ~ II ~-- . -I 1 

.. J 
The following are estimates of secular variation by county surveyors: 

County. 

Spartanburg ....... 0 •••••• 0 0 0 0 0 •• 0 •••••• 0 • ." •• 0. 0 ••••• 

~rangeburg ................................... ······[ 

GEORG.::A. 

MILLEDGEVILLE. 

[From Coast and Geodetiu Survey Report, 1888.] 

Sec.va~ 
per year. I 

3.0 

3.7 

[ YMo. Declination.II----Y-ea_r_. ~--- Declination:\ 

0 I I 0 I I 
5 30 1875...... .... ...... 4 14 I 1805 ...........•.... 

~::: :::::::::: : :~ 1887 ...... ·---·· .... 3 :J 
SAVANNAH. 

[From Coast and Geodetic Survey Report, 1888.] 

0 ' o:l 
1817.. .. .. .. . . .. . .. . 4 00 1852 0. - .. • .. .. • • • • • • 3 40 

1833 .......... 0 0.... 5 00 1857 .. . . .. . . . . .. .... 3 27 

1838................ 5 05 1874................ 2 17 

~1-8o-39_._·_··_·_··_·_··_-_._ .. _·~·---3--31--~1-~-60 _-_._ .. _._._ .. _·_··_·_··-·~----1-3~ 

ATHENS, CLARKE COUNTY. 

Gsa; ____ . . 
L882 ............... . 

0 

a4. 30 

b2. 31 

a Georgia Geological Survey. 

I 1896 .. 0 ............. 1 

I 

ot 
b 1. 42 1 

I 
b County surveyor. 



244 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of scouJar ·variation-Continued. 

GEORGIA-Continued .. 

BUTTS COUNTY. 

[From county surveyor.] 

I ____ Y_ea_r_. ____ Declinati~~:: \_ _ __ ,_-_e•_•r_. ____ 
1
_D_e_cl-iu_a_t_:J_n. 

I 0 I 0 I I 
I 182L----. -----. ---- --5-15-"---18-!!_5_. -_·_· _· -_-_--_-_--_-_-_----'--2-00 I L8-79_._--_--·~-··_·_·--_-_-l 2 30 I _j 

CAMDEJ'I COUNTY. 

[From James F. King, jr., county snrveyor.l 

1810 ..... -------- .... [ --~-o_~~~~~ _18_9_5._._--_··_·_·_·_··_·-_·_··~~--~--;~ 
CLAYTON COUNTY. 

[From W. J. Lee, eonntY surveyor.] 

~18_2_o._._··_··_-_··_··_··_-_··~~--~--~~~~--18-93_._-·_·-_·_··_·-_-·_·_·-~-~---~-~_j 
CLINCH CoUNTY. 

[From S. R. Kirton, county surveyor.] 

[w _______ I ~ ~0 111895 .... ---- ..... ·--1 

FANNIN CouNTY. 

[From C. G. Baugh, county surveyor.] 

0 ' 

1895 ............. ·--1 5 30 

FAYET'mVILLE, FAYE:TTE COUNTY. 

[From R. H. Bennett, county surveyor.] 

0;1 
1 ;o I 

:J 

0~ 
23~ 

[".__ ___ 1 : ~ 111·"-------- ----__,__-1 _: ;~ 
GH-MER COUNTY. 

[From M.S. Clayton, county surveyor.] 

[.,,__ ___ -I ; ;, 11 1"'' -_· ·_· -_,_-1_~-~~ 



GANNETT.) SECULAR VARIATION: GEORGIA. 

Data for determination of secular variation-Continued. 

GEORGIA-Continued. 

GLAscocK CoUNTY. 

[From Wilson Glover, county surveyor.] 

I ___ Y_e_a_r. ____ 
1
_n_e_c_li_n_at_i_on_.I ______ Y_e_ar_. ____ [Declination.l 

~-- 0 0 I 

I 
I 

1860 .............. -·} 

1895 ...... -- .•.... -
2 00 18fi:{ .............. : . } . 2 00 

1895 .......... -··· .. 

-1-40-~~------~--J I 
1873 .. - - ..... - - - .... } 
1894 .. _____________ ·I 

The above are changes discovered in rerunning old lines. 

JONES COUNTY. 

[From S. L. Chiles, county surveyor.] 

~-
0 

1 182:---- ........... . 

L88D .............. .. 

5 30 

2 30 

18!!5 ............... . 

MILLEDGEVILLE, BALDWIN COUNTY. 

[Frf)m G. W. Killen, county surveyor.] 

0~ 
2 oo I 

_j 

i ~.... · I : 0~ II"'"'_--_--_--_--____ -1_~_0_~--'~ 
SPALDING COUNTY. 

[FromM. 1<'. Tulnilla, county surveyor.] 

~ 2~ 111896 ................ 1 

STILESBORO, BARTOW COUNTY. 

[From H., J. McCormick, county surveyor.] 

I . I L855 .............. :. ,4, 30. II I 1895 ............ ----

TROUP COUNTY. 

[From Roy Dallas, county surveyor.] 

1826 .............. .. 

1860 .............. .. 

1870 .. _ ........... .. 

0 I 

5 00 

4 30 

4 00 

1883 .... ------ ...... 3 15 

1885 .. - .... - .... --- . 

1890 ....... --- .... .. 
1895 .............. .. 

0~ 
1 36 I 
:_:j 

0 I 

2 30 

0 

3 00 

2 45 
2 30 

245 



246 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data fot• determination of secular variation-Continued. 

GEORGIA-Continued. 

WaLTON COUNTY, 

[From C. M. Booth, county surveyor.] 

r--·----·------------,-------.. ------------------.-------

--1_8_1_9 ______ Y_•_• __ ·------------. ---~:·1-1-8-90--. ____ Y_•_ru __ ·-------. ------- Dooh2;•0::0:~~' 
1885 .... ------------ 2 20 1895 .... ---- .•.. ---- ~ 

The following are estimates of secular variation by county surveyors 
from experience: 

·counties. Sec. var. 
per year. 

Banks ....•.......................................... 3.0 1 

Bartow ...••.................................. .. : .. . 3.0 
Towns ................. ---- .... --- .................. . 

~ Washington ......... ,_ ............................. . 

--------------------

FLORIDA. 

PENSACOLA. 

[From Coast and Geodetic Survey Report, 1888.] 

r=-Yea_r. _ 

I 1817 .......... _____ _ 

1

1843 ............... . 

1858 .... ----~- ..... . 

I 
Declination. 

0 I 

8 45 
654 

6 47 

Year. Declination. 

0 I 

1861. ... ------------ 6 42 
1880 .. _ _ _ _ ______ . _ . 1 ~ :~ 1 

1890 ............. ~ 

KEY \VEST. 

[From Coast and Geodetic Survey Report, 1888.] 

1829 ...... ---- ···•·· 
1843 .............. .. 

1849 ............... . 

1860 .............. .. 

1861.- ............. . 
1862 ............... . 

0 I 

6 25 

6 02 

5 29 
4 47 

4 44 
4 40 

1863.... ...... ...... 4 37 

~ 
1864.. .... : ..... ----I ~ ~~ 1 
1865- - - . - - -- - - -- - . -- 4 32 
1866 .............. .. 

1879 ........ -- ..... . 

1884... -- .. ---- ..... . 

1887 .. -- .. ---- ..... . 

4 30 

3 34 

3 00 
3 20 



GANNETT.] SECULAR VARIATION : FLORIDA. 

Data for determination of secular variation-Continued. 

FLORIDA-Continued. 

:FLORAL, CITRUS COUNTY. 

[From G. T. Hampton, county surveyor.] 
---------

I 
---

Year. D !' . I Year. Declination. ec 1uatwn.
1 

I 
·-----

0 I 

I I 
1849 ...... ---- ······ 4 30 1894 ............... -

ORLANDO, ORANGE CoUNTY. 

[From J. 0. Fries, county surveyor.] 

I 1879 .......... ____ _ 

L885 .............. .. 

0 I 

3 05 1890-- ... -......... . 
2 48 . 1893 ... - -- -- .... -- .. 

SUWANEE COUNTY. 

[From county surveyor.] 

~ 1
1

0 111895 .. .' ....... ------1 

0 I 

2 35 

o,J 
2 36 1 

2 27 I 

0 I 

2 30 I :-J-

247 

The following are from a comparison of county surveyors' results with 
mean results of Land Office surveys: 

Difference in-

County. Years. 
Years. Declination. 

Alachua ....................... 1835-1895 60 163 
Brevard ....................... 1870-1895 25 88 
Citrus ......................... 1855-1894 39 91 
Marion .. _ ..................... 1842-1890 48 132 
Orange ........................ 1865-1893 28 76 
Osceola .......... _ ............. 1858-1891 33 75 
Polk ....... ____ ......... _ .. ___ 1850-1895 45 

~ Suwanee: ..................... 1863-1895 32 5 
. 

The following are estimates of secular variation by county surveyors: 

C County. Sec.var. 
per year. 

---1--1 

Putnam ..................... ___ .. __ . ____ . ::: . _ .. ___ .. 

Polk ...... __ ............................ _ ...... _ . __ . 
3.31 
3.5 I 

Madison .................... _ ........... _____ ...... .. '. 

Brevard ..................................... __ .... .. 
- I 

~------------------------------------------~ 



248 MAGNgTIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

ALABAMA. 

FLORENCE. 

[From Coast and Geodetic t-iurvey Report, 1888.] 

Declination. 1---- Year. 
_Y_e_a_r_. ____ 1~e-:i:~ 

0 ~-r 
1 1818.. _______ ... _ .. _ 6 35 

6 28 

5 24 

1875 ______ ..•• __ • __ -, 5 14 1 

1881~~~~=-~- 4 38J L
1835 ______ ----·- ----

1865 ........ - ----- .. 

MOBILE. 

[From Coast and Geodetic Survey Report, 1888.] 

118()9________________ ; 10 1857 ................ ~ 

I 
1835 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 12 1875_. ________ •. _ _ _ _ _ 6 07 I 
1840 ______ ---··· ---- 7 05 1883 .... ------------ 5 12 

~:: ~ ~ ~ ~ ~ ~:: ~::: ·--~-~-6 _ _;;__1--8-95_._-_--_-_---._._-_--_·_---·-'---a-4-45---11 

a County surveyor. 

PIKE COUNTY. 

[From I. M. Adams, county surveyor.] 

1870 ______ ---- -----·1 
0 I 

4 15 

RANDOLPH COUNTY. 

[From county surveyor.] 

0 I 

2 30 -:32 - . . . I : ,:, II""- ----------
---~---------~-----1 

SUMTER COUNTY. 

[From J.F. Williamson, county sur-;eyor.] 

1833 .... -··- --------

1873 .... -----------. 

0 I 

8 00 

6 37 

1895 ____ ------------

MARION, PERRY COUNTY. 

[From D. E. Bates, couuty surveyor.] 

r 1850 ...... ____ ~- ___ _ 

'- 1852- - :- - - . - . - - - - - --

0 I 

6 30 

4 30 
1892 .... - --- ---- ----

0 I 

5 30 

0 I 

4 15 
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Data jo1• determination of Becular variation-Continued. 

ALABAMA-Continued. 

CoosA CoUNTY. 

[From D. B. Brown 1 county surveyor.] 

Year. Declination. Year. Declim.i~ion.J 

0 I 0 I 

1832...... .... ...... 6 00 1895 ........ -------- 2 30 

L855 .. _ .... _ .. ~---___ .-'----_5_o_o__c_ ____ , __ ,__ _ _j 

The following are from a comparison of county surveyors' returns with 
mean results from Land Office surveys : 

County. 
Difference in- I 

Years. 

!---------------!--,--- Years. Declination.!· 

Coosa ...••......... ___ ........ 1832-1895 63 240 

Dallas -- .. -.------ ------ ------ 1844-1895 51 167 
Hale ................ ··---- ---- 1842-1895 43 110 
Macon .. --- ---- . -... --- . ----- ---- 1832-1888 56 155 
Marengo ...................... 18,12-1895 53 135 
Mobile ........................ 1846-1895 59 135 

Perry -------·· --------------- 1845-1895 50 155 
Randolph . _ ................... 1834-1895 61 ~ 

MISSISSIPPI. 

NATCHEZ. 

[From Coast anrl Georletin Survey Report, 1888.] 

Year. Declination. 

---------
~-Y-ea_r_. ____ D_ec_I_in_a~on.; __ , 

L_1_8_0_2_ .. _-_-_--_·_· _-_--_-_-------'----~-~0---"--18_7_8_ ... - -_-_-_--_·_· _--_-_-_--_._ ; ;, I ·- 1872...... ...... .... 7 15 

COLUMBUS, LOWNDES COUNTY. 

[From C. L. Wood, county surveyor.] 

[---- --i 
0 I II I 7 47 1 1895 .... ____ .... __ __ 

COMO, PANOI A CoUNTY. 

[From Robert Ruffin, county Rnrveyor.] 

0~ 
52~ 

[840- ---. -- -_--c_l _~_:_2 _11'----18-87_ .. _--_-·_·,_--_--_·;_--_,_-I __ ~ -4~---', 



250. MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for deterntination of eecular ?Jariation-Continued. 

MISSISSIPPI-Continued. 

JACKSON, HINDS CouNTY. 

[From R. H. Bell, county surveyor.] 

F. 
L: 

II 
Year. Declination. Year. 

0 I 

820 ................ 8 33 1895 .... · ........ ----

JONES COUNTY. 

[From county surveyor.] 

PEARL RIVER COUNTY. 

[From P. J. Harvey, county surveyor.] 

Declination.J 

0 I I 5 41 

I 

o:J 
50~ 

I I 
~874.. .............. 1 ; ;. 11'""---_--_--_-_--'-l-~_2_10 l__.l 

ROLLING FORK, SHARKEY COUNTY. 

[From W. M. RuJI, county surveyor.] 

/. I ,o ' 
1
1 . I L827................ 8 40 I 1895 ........ -- .... --

SMITH COUNTY. 

[From S.D. Crapt, county surveyor.] 

I 
1 1832 .. ____________ __ 

L883.. ____________ __ 

0 I 

8 10 

6 15 
1895 .. -- .. ---- ...... 

WINONA, MoNTGOMERY COUNTY. 

[From Jesse C. Elliott, county surveyor.] 

I I 1832 ______________ __ 

L885 .. __ ... _______ __ 

0 I 

8 10 

6 25 

1891. ............. .. 

1896 ...... ----------

0 I I 
61~ 

0 I~ 
53J 

0 I 

6 03 

5 48 



SECULAR VARIATION: MISSISSIPPI-LOUISIANA. 251 
Data for determination of secular 1la1'iatiou-Continued. 

MISSISS1PPI-Continned. 

The following are from a comparison of county surveyors' results 
with mean results from Land Office surveys: 

County. Years. 
Difference in- I 

Years . Declination. 

• --
I 

Benton .... __ ................. - 1834-1896 62 170 
Harrison ............ _---_ .... -- 1842-1895 53 152 
Lauderdale ...... _ .. _. _. __ .. _ .. 1833-1895 62 151 

~omery ··-···------------ 1833-1896 63 

~:j on ..... ---~~~---- 1831-1895 64 1 

LOUISIANA. 

NEW ORLEANS. 

[From Coast ann Geocletic Survey Report.] 

~--- Year. 

~- 0 I 0 I 

1

1806------ -- -- . --.-- 8 03 1870---- ---. ---- ---- 7 06 II 

1840- --- --- . --- .. -- . 8 20 1872- --.. - - .. - -- - - -. 6 46 

Declination. Year. Declination. 

856 .... -·-· -------- 8 00 1880 .... ······ ----·· _:j28 
858.-.-----.------- 7 51 
--- --------- ----------------~ 

ABBEVILLE, VERMILION PARISH. 

[From W. W. Edwards, pariah surveyor.] 

U
846 .. __________ ----1 ; 3~ ,11 1889 ____________ ----1 ~ 4~1 
878 ____ . ___________ 

1 

7 45 I 1895 ____ . __ . _______ .

1

_ 6 30 

884. ..... -----· ---- 7 00 ' 

EAST BATON ROUGE PARISH. 

[From R. Swart, parish surveyor.) 

~8_7_0._._--_-·_·_·-_--_·_--_·----~--5-~~--18-95_._--_--_· __ ·--~~~ L884 .. ______________ 615 _j__j 



252 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of Becular vai·iation-Continued. 

LOUISIANA-Continued .. 

EAST CARROLL PARISH. 

[From parish surveyor.] 

~- Y%c lll-ecl-inatio:·f/ __ Yea_r. /Declinat::J 

[_
1835 

--- ---1 ; ,; 11"""--- - -:::.::::1_. ~ 'd 
LINCOLN PARISH. 

[From parish surveyor.] 

L'"'-- ---~ 
MOREHOUSE PARISH. 

[From A. E. Washburn, parish surveyor.] 

~850 .. ~----__ -_-__ -_-__ c-1---~ -30-1 
-. --1-8-92______ _ _ __ __ __ __ __ ~ 4~ 1 

I 
1860 -- -- . -- -- -- -- -- 8 50 1S93.. -- -- -- -- -- -- -- 6 35 I 
1870 ____ .. ________ .. · 1 50 1894 ______________ .. 

1 
~6; 3j4 

"1188Q________________ 7 15 ~ .. 895 ... _._--------._----1 6 32 
1890 .. ---.-- .. ------ 6 45 

i 
---~~~--~ 

TANGIPAHOA PARISH, 

[From Thomas Garahy. parish surveyor.] 

; '~ Jl1895 -- - ---1 
0 I 

6 00 

The following are from a comparison of parish surveyors' results with 
mean results from Land Office surveys: ,- Parish. Years. 

Difference in- I 
Years. Declination. 

I 

Ascension __ .......... __ . __ . _ .. 1847-1896 49 142 
East Baton Rouge .. _____ . _____ 1854-18!'16 42 126 
East Carroll. ..... __ .. ______ .. _ 1846-1894 48 100 
St. James ______ ...... ___ .. ____ 1845-1896 51 150 
St. John the Baptist ___________ 1848-1896 48 153 
St. Tammany .. ______________ .. 1848-1895 47 127 
Tangipahoa ____ .. _____________ 1840-1895 55 

~ West Baton Rouge __ .. ______ ... 1844-1896 52 4 



GANNETT.] SECULAR VARIATION : TEXAS. 

Data for detm·mination of secular variation-Continued. 

TEXAS. 

EL PASO. 

[From Coast and Geodetic Survey Report, 1888.] 

~-Y-ea._r_·--~~- D_e_c_li_u_a_tiOJ-1~--II-----Y-' e_a~~--- Declination. I 

I 1852._______________ 1~ 24 1884................ 1~ ~5 I 

~-: :_:_: _: :_:_: -_-:_:_: :_: __ ~-~-~_:____c_~_:_:: __ :_:_: :_:_:_: :_:_: -_-:_:_: :_:-'--.. ~£J 
a County surveyor. 

SAN ANTONIO. 

[From Coast and Geodetic Survey Report.] 

836 ...... ----. ----· 

1878 ... --. ·--- -- .... 

1895 ...... ····-· -··· .:fl 0 I 

[

825 ...••. ---- ·----· 

874 •..• ·-- --- ·--- .. 

10 30 
9 45 

9 30 
_ __.__-----,--_j 

aCounty surveyor. 

BANDERA, BANDERA COUNTY. 

[From A. L. Scott, county surveyor.] 

I -
i 1845 ---,--- --- ' II- 1895 ~ --- ___ : 

---'-'--

C I 

9 45 

BEAUMONT, JEFFERSON COUNTY. 

[L. F. Daqiels, county surveyor.] 

[sao ---- -I ; ~ 1189' - ---- -I 

BRENHAM, WASHINGTON COUNTY. 

[From H. R. Von Bieberstein, county surveyor.] 

[~'---------------1 0 I II I 9 45 1 1891.. _. _ .. _____ .. _. 

CARTHAGE, PANOLA COUNTY. 

[From J. B. Nicl, county surveyor.] 

[838----- - -I ; ;, 111895 --- ---- ----1 

o:l 
8 55 I 

::J 

o ,I 
8 10 I 

::J 

0 I 1 
8 42 I 

:J 

0 I 

80~ 

253. 



254 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for deter1nination of secttlar 11a1·iation-Continued. 

TEXAS-Continued. 

FREDERICKSBURG, GILLESPIE COUNTY. 

[From Arthur Striegler, county surveyor.] 

I Year. Declination.! Year. Declination. 

~--I-

I 1849 ...... _________ _ 

1870 ...... -····· ... . 

0 0 I 

10 30 1886 ................ 9 23 

10 05 1887 ................ 9 22 

1878 ............ ···- 9 51 1888 .. -............. 9 19 

1880 .............•.. 9 49 1889 .. ·--· .......... 9 15 

1881. .............. . 9 47 1890 ................ 9 14 

1882 ............ ···- 9 34 1891. ............... 9 10 

1883 ...... ······ ····· 9 31 1893 ................ 9 10 

I ~~~4.. .... ----------L5 ................ j 9 27 1894. ............... 

~ 9 25 1895 ............ ----1 4 

GOLIAD COUNTY. 

[From county surveyor.] 

I 0 I o:l I 1838 .............. .. 1895 .............. .. 8 15 I 
L856 .............. .. 

9 45 

9 30 

---'------'_j 
GoNZALES, GoNZALEs CoUNTY. 

[From G. W. Betts, county surveyor.] 

[., - ----1 ~~ ;, lll&M - - - -- - -I 

GOODWIN, COMAL COUNTY. 

[From Arthur Conrads, county surveyor.] 

o,j 
9 20 I 

I 

~- \i 1895 .. - -_--_--_--_ .. _--_ .. -'-1-~_~] 
GRAHAM, YoUNG COUNTY. 

[From C. P. Benson, county surveyor.) 

I. I 
0 

I I' I L859...... ..••.. .... 11 03 I 1894 ............... . 

GRAYSON COUNTY. 

[From county surveyor.] 

[.812 --- -- - --1 ; ;, 11189L --- ------1 
0 I I 
9 46 1 

__J 
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Data for determination of seculm· variation-:-Continued. 

TEXAS-Continued. 

HALLETTSVILLE, LAVACA COUNTY. 

[From H. H. Russell, county surveyor.] 

I Year. IDeclinatiou.l 

1183L. -----1 1~;. I 
__ Y_e_ar_·----1"":1 

1894 ..•... ----------1 8 4~ 

LIVINGSTON, POLK COUNTY. 

[From R. W. Hubert, county surveyor.] 

1 '--18-35_._-______________ : ___ -_-1:____~_310__,_11_1895 _______________ -I 
o:J 
8 00 I 

:J 
NACOGDOCHES, NACOGDOCHES COUNTY, 

[From J. N. Gilbert. county surveyor.] 

[~---- --- -----1 ; ;0 111805___ - -1 

PLAINVIEW, HALE COUNTY. 

[From W. E. Porterfield, county surveyor.] 

L"" ---- -------I ~ :. IG_,. - ------- -I 
0 I 

113~ 

PECOS COUNTY. 

[From W. B. Bean, connt.y surveyor.] 

I . I L882 _______________ _ 1~ do 111896 ..... __ . ____ .. --1 

RAYNER, STONEWALL COUNTY. 

[From J. J. Hale, county surveyor.] 

[SM -- ---- I 1; ~ 111895- - --- ---1 
o:J 
9 45 I 

ROBERTSON COUNTY. 

[From J. J. Fullbright, county surveyor.] 

I I 0 I II I ~855 .......... ------ 10 00 I 1895 .............. .. 



256 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

TEXAS-Con tin ned. 

SAN PATRICIO, SAN PATRICIO COUNTY. 

[From county surveyor.] 

Year. 
I 

Declination. Year. Deelinat::l 

0 I 

L873 ...... ________ __ 9 05 1896 ...... ----------. 

SEYMOUR, BAYLOR COUNTY. 

[From W. A. Jones, county surveyor.] 

~187'----- -- --1 ,; ~ 11"·"-------- .. j 

' 
SPOF~'ORD, KINNEY COUNTY. 

[From C. F. Hodges, county surveyor.] 

: :o I 

o:l 
93~ 

1,848 ______ ----·- ----

1 !858.. ............. . 
~ 4~ 1888..-- ........ --.-- ~ 1~ 
9 38 1890 ...... ____ ______ 9 1; 1 

L867 ............. ~ .. 9 38 

---"--------'----_j 
SoMERVELL CouNTY. 

[From George D. Booker, county surveyor.] 

~L-I 184-9 .. _----_----_----·---'-----·1 -~-3____c'o 11'-----18-95 .. _----_----_----·---'--·1 _; ;~ 
SWEETWATER, NOLAN COUNTY. 

[From Lee :Fowler, county surveyor.] 

L-1-85_3_ .. _--_·_--_--_-_--_--_·~-~-·-1-~-3-~~~~-1-8-95_._--_--_-_--_--_-_--_--_.LI __ ~_~ 
TARRANT COUNTY. 

[From J. J. Goo<lfellow, county surveyor.] 

[852 . . . . . . ·I ; ~ 111801 . . . . . . . ·I 
VALVERD~~ COUNTY. 

[From J. H. Brauer, county surveyor.] 

[~s ................ j ~ ~5 111895 .............. --I 
o:l 
9 30 I 

::J 
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. Data for determination of secular variatian-Continued. 

TEXAS-Continued. 

The following are estimates of secular variations by county surveyors: 

County. 

Limestone .................. ______ .................. . 

Dewitt ........ : ........ ----- .. -- .. - ... ------- .... ----

1 ~:~~~~~:::: : ::: ::: ~ : : : :: : ~: : : : : :_:_:: : :: :: :: ::: : :::::: 

ARKANSAS. 

CRAIGHEAD COUNTY. 

[From T. C. Cole, county surveyor.] 

r-
Year. Declination. Year. 

0 I 

L815 ...... : ..... ____ 8 00 1895 ................ 

HOT SPRINGS, GARLAND COUNTY. 

[From county surveyor.] 

[.... -------- -----1 ; ;0 111895.. ........ ------1 
HOT SPRINGS COUNTY. 

[From county surveyor.] 

Sec. var. 
per year. 

2.0 
2.5 

. ~:: I 

Declination. 

0 I 

43~ 

o:--1 
7 ds I 

:J. 

I 
I 1856 .............. .. 
L880 .... ------ .... .. 

;;, 11895 ------ -- ;;~ 
s_a_o~~~~------~---_j 

NEWTON COUNTY. 

[From John Nichols, county surveyor.] 

I c I 0 I I 

]L_:_:_::_:_::_~_::_~_::_~_::_~_~:-~~_: __ ~0-1~_:_:_::_:_~:_:_~-_.:_~~_:_~~_:_::_:L_ __ :;:j 
PERRY COUNTY. 

[From county surveyor.] 

. [845 -- :. ----1 
0 I ~- 1895 ............ ----1 

0 I 

800 600 

17 GEOL, PT I-17 
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Data for determination of seonlar variation-Continued. 

ARKANSAS-Continued. 

PorE COUNTY. 

[From W. R. Hale, county surveyo}'.] 

l Year. Declination. Year. 

1~,,. --- ~-- ----
~838 ............... . 

0 I 

8 00 
7 40 

1895 ............... . 

YELL COUNTY. 

[From W. W. Tirooks, county surveyor.] 

~ ~0 111895 .......... ···---1 

Deelinntion.l 

0 I 

6 00 

o:l 
60:J 

1 The following are from a comparison of county surveyors' results with 
mean results from Land Office surveys: 

Difference in-

County. Years. 

Years. Declination. 

Benton ........................ 1844-1894 50 63 

Craighead ..................... 1849-1895 46 145 

Drew -- ---. ~ -.... ---- - . ----.. - 1844-1895 51 53 

Faulkner ...................... 1847-1895 48 158 

Do ........................ 1828-1895 67 170 

Garland ....................... 1845-1895 50 54 

Hot Springs ................... 1850-1895 45 95 
.Jackson ....................... 1840-1895 55 130 

Madison ....................... 1841-1895 54 110 

Nevada ........................ 1822-1895 73 143 

Ouachita ..................... 1853-1895 42 105 

Do ........................ 1829-1895 66 129 

Perry ·------------------------ 1843-1895 52 135 

Do ........................ 1836-1895 59 125 

Pope ......................... 1843-1895 52 100 

Prairie ....................... 1847-1895 48 155 

Randolph ..................... 1852-1895 43 140 

Washington ..... ------------- 1844--1895 51 96 

Woodruff ...................... 1843-1895 52 106 

Yell ........................... 1839-18% 56 116 



GANNET1.] SECULAR VARIATION : ARKAN8AS-KENTUCKY. 

Data for deterrnination of secular 11ariation-Continued . 

. ARKANSAS-Continued. 

259 

The following are estimates of secular variation by county surveyors: 

1

--.. County. ------~-~--11-S-e_c_.v_a_r_. _ per year. 

I Arkansas •...... 0 .. 0 0 0 0 • 0 0 .. 0 .. 0 .. 0 0 0 0 0 0 0 0 0 0 0 .... 0 0 0 0 

Benton ... 0 ........ 0 0 0 .. 0 0 0 0 0 0 0 0 .. 0 .. 0 .. 0 .... 0 .. 0 .. 0 0 

Craighead .......... 0 .. 0 .. 0 0 ........ 0 ... 0 .......... .. 

KENTUCKY. 

HICKMAN, l'llLTON COUNTY. 

[From A. C. Holmes, county surveyor.] 

2.3 

3.0 
2.4 

, lr----~--Y_c_M_. ____ 
1
,_n_e_c_lin_a_t_io_n_.

11
I __ ~~Y~ca_r_._~--IID-ec_l_in_a_t_io_n_.J1 

1881. 0 0 -- 0 -- -- -- • --. 

1887--. 0---------- .. 

0 I 

5 47 
5 30 

1892 .... OOoOoo ...... 

1895------ ---- 0-----

• MADISON COUN'l'Y. 

[From B. F. Crooke, county sun-eyor.] 

0 ' 

5 14 
5 04 

------·~------c------1 

~ ~0 111895 .... OooooooOoOoOI __ ~ ~-5 i 
WINCHES'l'l<m, CLARK COUNTY. 

[From D. J. Pendleton, county surveyor.] 

j.882 - - ; ;, 1805. ----- - ; ;~ 
~8_9_o_.o_O_O_--_O_O._o_--_o_·_--~-2--49--~-----------~---_j 
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Data for determination of secular variation-Continued, 

KENTUCKY -Continued. 

The following are estimates of secular variation by county surveyors: 

I County. 

1--~--
Crittenllen ________ .... ________________________ . _. __ _ 

Cum l?erland _ ..... _ . _ ......... _ .. __ . _ .. __ . _ . _____ ... . 
Fleming ........ _. _ .... __________________ . __________ _ 

Garrard------------_. ___ . ____ ---- _____ -------- .. _ .. . 

Hancock ................... ____ ......•.•.... ____ ... . 

Magoflln _ .......... __ ... _ ..................... _. __ .. 

Mason .... __ ...... _ ... _ ... __ . _ .......•............ _ .. 

Monroe .......... -........ ---.····· ·· · · · · • -- · -- ·---- ·1 

~:~::n. ::: ~ ::: ~ ::: : :: : ~: : : : ::: ~ : : : ~:: : ::: : :::: : : : ::~I 
Simpson._ .............. __ . ____ . _ .... ___ . ______ . ____ . 

Todd .......................... ________________ ··----

Warren_------ __________________ ---· .... ____ ....... . 

Webster .... ______________________ --·· __ .. _ ...... ___ . 

Sec. var. 
11er year. 

2.3 

2.0 

3.0 

3.0 

2.0 

3.0 

3.5 

2.4 

2.0 

2.0 

3.0 

2.8 

---~ 

_iU 
TENNESSEE. 

[From Coast and Gemletio Survey Report, 18g8.] 

C .y. -ear. _·_ ·---. --.- Decli:at:on. ____ Y_e_a_r. ____ Decli

4

:a

3

t:

1

on. 

11829.. 6 50 1888 ............ ---· 

1

183fl .. ______________ 7 07 1896................ a4 06J 

1877- - -. - - - - -... - - - . 5 15 

a County surveyor. 

DAVIDSON COUNTY. 

[From Lyle and Balls, county surveyors.] 

1
1835---------------- • ~ d1 1871.. .. ____ ________ ~ 3~~ 1 

I 
.1840. -... - -- -. -- - - . - 6 42 1884. - - ... - - ..... - - . 5 00 

1848, .. --· ---- -----· 6 20 1888 .... -··- ... --- -- 4 52 

1
18~9 ... _ . _ .... ____ . . 6 04 1896. __ . _____ ... _ _ ___ _ 4 06 1 

1867 .... ······ ...... 5 30 __j 
~-~~~~~--~~~--



• 
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Data for dete1•mination o.f Becular variation-Oontinued. 

TENNESSEE-Continued. 

The following are estimates of secular variation by county surveyors: 

County. Sec. var. 
per year. .~

----------,---.-

Bedford ..........••........ ···"··................... 3.5 
Bledsoe .. . .. . . . ...... .. . ... .. . ... ...... .. . .. . ....... 2. 4 

Carter ...................................... . :. ..... 3. 0 

Coke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 3. 0 

Fentress . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • • . . . . . . 3. 0 

Giles................................................ 2. 0 

Grundy............................................. 2. 5 

Haywood .............. ···: ... ·....................... 2.0 
Houston............................................. 2. 0 

Humphreys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 0 

Jackson........................... . . . . . . . . . . . . . .. . . . . 1. 8 
Knox................................................ 3.0 

Monroe... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 0 

Overton ............................... ~. . . . . . . . . . . . . 4. 0 

Robertson... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 0 

Sullivan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 4 I 
~vv __ a_s_h_i_n_gt __ o_n_._-_--_·_·_·_·_··_·_·_··_·_·_·_·_-·_·_·~··_·_-~-~-~--~·-·_··_·_·_·_··_·_·~~ 

OHIO. 

ATHENS. 

[From Coast a.;,_d Geodetic Survey Report, 1888.] 

r= .. 

Year. Declination. Year. 

0 I 

I ~~~~--
L ···········--··[ 4 17 1880 .... ---- ........ 

... ······------ 3 12 
I . 

CINCINNATI. 

[From Coast and Geodetic Survey Report, ·1888.] 

11806 ............... . 

1

1810 ... -........... . 

1840 ............ ----

0 I 

4 58 
5 00 

4 46 

1815 .... -~-- ....... . 
1880 ............... . 
1888 ............... . 

Declination.[ 

_:_j 

~ 
! ~; I 
2 14 I 
1 58 
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Data for determination of secular 1'ariation-Continued. 

OHIO-Continued. 

CLEVELAND. 

[From Coast and G_eodetic Survey Report, 1888.] 

I_Y_e_a_r·----\Declination. !----- ~ear ___ IDec-1-in-a-ti-on-. 

~- 01 Ol 

1830 ............... . 

1831. ........... ·-·· 

1834. .............. . 

1838 .............. .. 

1840 .............. .. 

l;:::::::::::::::: 

1 20 E. 

1 15 

0 50 
0 35 

0 19 

0 05 
0 39 E. 

185fL. ............ .. 

1871. ...... -- ...... . 

1872 .......... ······ 
1873 ............... . 

1876 .............. .. 

1880 .............. .. 

1888 .............. .. 

------'--

CHILLICOTHE, Ross COUNTY. 

[From B. II. Walker, county surveyor.] 

0 46W. 

0 33 

o~E4o J 0 51 

] 08 

1 39 

2 04 

J;~- --- I 

I 
1888 .............. .. 

:,. 1892 .. . ·-·- ·- - ~ 
o 35 1893. .. .. . .. .. .. .. .. o 02 I 

1889 .............. .. 0 33 1894...... .. .. .. .. .. 0 02 

1

1890 ............... . 

. 1891. ............. .. --~-~-:~--1-89_5_._ .. _._._ .. _._ .. _·_·_--_·_·~_""'J· 
HAMILTON, HAl\ULTOX CoUNTY. 

[From J. C. Weaver, county •urveyor.] 

'""mmuu u ul :;.II \1895 unn.__ uu ;;, I 
~------------------~--

LEBANON, VVARREN CouNTY. 

[From P. 0. Monfort, county surveyor.] 

.,1869.. .............. 
1 c I 

3 10 1886 ................ 

1870 ................ 3 22 1887 ................ 

1871. ........... ·--· 3 08 1888 ................ 

1872 ................ 3 02 1889 ................ 

1879 ................ 2 45 1890 ................ 

1881. ............... 2 57 1891. ............... 

1882 ................ 2 30 1892 ................ 

1883 ................ 2 28 1893 ............ . ... 
1884 ................ 2 24 1894 ................ 

1885 ................ 2 22 1895 ................ 

0 I 

2 24 

2 16 

2 11 

2 08 

1 58 

1 37 

1 33 

1 27 

1 09 

1 10 

• 



GANNETT.] SECULAR V,ARIATION: OHIO. 

Data for determination of secular variation-Continued. 

OHIO-Continued. 

LYRA, SCIOTO COUNTY. 

[From county surveyor.] 

~=~Declination.! Year. Declination., 

1 1874 ................ \ ~ ;o E. 11895 ................ ~ ~4 w.l 

OTTAWA, PuTNAM CouNTY. 

[From J. D. Huddle, county surveyor.] 

11820...... ..... .. . 
L869 ............... . 

0 I 

4 25 
2 00 

1895 .............. .. 

WAVEHLY, PIKE CoUNTY. 

[From·H. W. Overman, county surveyor.] 

~ 
o oo I 

.J 

0 I 

00~ 

263 

The following are from a comparison of county surveyors' results with 
mean results from Land Office surveys: ' 

-------------------..,---------;-----~ 

Difference in-

County. Years. 

Years. Declination. 

1----------------------·1--------l-----------

Anglaize ...................... , 1828-1883 55 183 
CarrolL ....................... 1802-1895 93 240 
Darke ......................... 1801-1895 94 184 
Hamilton --------------------- 1799-1895 96 266 
Hardin ........................ 1820-1874 54 165 

' Ottawa ------ ·----· -----.------ 1821-1877 56 188 
Putnam ............... ·------- 1825-1895 70 260 
Richland ...................... 1807-1894 87 341 
Seneca ........................ 1821-1895 74 221 l ;~:· --- -- 1807-1840 33 60 

ams _____________ , _________ 1822-1895 73 242 



264 MAGNETIC DECLINATION IN THE UNITED STATES. 

Dala for determination. oj secular variat·ion-Continued. 

INDIANA. 

MICHIGAN CITY. 

[From Coast and Geodetic Survey Report, 1888.] 

Year. Declination. Year. Declination./ 

0 ·' 
0 I 

1830 ...... ---------- 5 35 1871. _____ ------ -··· 4 02 

~1-8-59_._--_-_--_-_--_-_--_-_--_·l~-5--23----1-8-73_._--_-_--_-_--_-_--_-_--_·~-3--5~ 

LIBERTY, UNION COUNTY. 

[From county surveyor.] 

11837-- - -- - . - -- - - ----I 1868 .. ____________ __ 

0 I 

4 20 
3 45 

1895------ ---. --- ---

RICHMOND, WAYNE CoUNTY. 

[From R. A. Howard, county surveyor.] 

I . 
1 1880------ _________ _ 
L886---- __________ __ 

0 I 

2 52 
2 36 

1896 -- -- -- -- -- -- -- - -

c I II 
1 30 

I 

The following are from a comparison of county surveyors' results with 
mean results from Land Office surveys: 

-----------------------------.-----------.--------------, 
Difference in-

County. Years. 

Years. Declination 

Allen. ___ - -- -- - - - .. - - ...... __ .. 1832-1894 62 176 
Blackford _______ ..... ___ .. ____ 1823-1895 72 229 
Jennings------------ ____ ------. 1809-1895 86 228 

Johnson .... ------------_------! 1821-1894 73 204 
Knox __ .. _____ .. __________ . __ .. 1808-1880 72 134 
Lake ........ _ .. _ ... __ . ______ . _ 1834-1895 61 132 
Marion __ ... ___________________ 1821-1880 59 190 
Morgan ................ ··---------- 1821-1896 75 240 
Posey .. -- ..... _____ .. : .. ______ 1806-1895 89 200 
Putnam ____ . ______ .. ____ ... __ . 1820-1895 75 226 
Spencer . __ .. __ ...... ____ .. ___ . 1805-1895 90 160 
Union. __ .. __ . __ ... ___ . ________ 1800-1895 95 217 
Vi go __ .... ____________________ 1815-1888 73 180 
Warrick .. ____ .. ___ .. __________ 1806-f895 89 180 
Wayne __ .... ____ .. ______ ... ____ 1809-1896 87 197 
White ........ ____ .... _________ 

1 

1831-1895 64 160 



GANNETT.] SECULAR V ARJATION : ILLINOIS. 

Data for determination of seeular variation-Continued. 

ILLINOIS. 

CHICAGO. 

[From Coast and Geodetic Survey Report, 1888.] 

Declination. Year. I Year. 

11823 ............... . 

~1---·-----······· 

0 I 

6 12 

5 46 

Declin~ 
l--1-8-78 _______ -_-.-__ -_-__ -_-_-_._-_ ~~ I 

1888 ...... ____ .______ 4_:j 

ALEDO, MERCER COUNTY, 

[From Vvilliam n. Frew, county surveyor.] 

~ . I L:865 _______________ _ ~ ;0 111895 ...... ----------1 

AMERICA, PULASKI CoUNTY. 

[From J.P. Mathis, county surveyor.] 

o:-1 
44~ 

I 01 o:-1 

1

1848 ••.......... ---- 7 00 1896 ...... ------ -··· 4 4:J 
1888 ...... ·----· .... 5 08 

.~------~----------------~-----

/,879.--- ...... -.. --. 

1 ~880 ....•. ----·· ___ _ 
L885 ...... _________ _ 

BARRY, PIKE COUNTY. 

[From A. G. Chamherlain.] 

0 I 

6 25 

6 20 
5 45 

1892 ...•........ ---· 

1895.--- .. ·------ --· 

BELLEVILLE, ST. CLAIR COUNTY. 

~830 ...... ···-·· ----
850 ............ ----

860 ...... ·-·--· .... 
L:870~---·· ______ ..•. 

(From county surveyor.] 

0 I 

8 30 

8 00 

7 50 
7 35 

1880 ...... ··---- ---· 

1890 ... , . -----· -··· 
1895 ...... ----·· •••. 

EFFINGHA~r COUNTY. 

[From J. B. Jones, county surveyor.] 

o:-J 
5 15 I 
5 00 

~ 

0 II 
6 35 
5 45 
5 20 

["· . ........1 ~-~5 ....!!.__111-895._ .. ~- -~--·-_-· -----'--·-1 _: '~ 

265. 



266 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

ILLINOIS-Continued. 

ELVASTON, HANCOCK COUNTY. 

[From J. H. Hurney, county surveyor.] 

l Year. ---- Jnef'linatio:l- Year. Declination.! 

I 1~- ---~-~ I 
L_867 ·----- -·---- ----1 ~ ;5 1895______ ______ ____ ; ;~ 

GALESBCRG, KNOX COUNTY. 

(From C. S. Richey, cfounty surveyor.] 

1------- - 1895 .. -- .... -- .. ----
a :I 
5 25 I 0 ' 

I 1880 ______________ __ 
7 25 
6 00 _ _ _.__ _ _j 

GRF]ENFIF.LD, GREENE COUNTY. 

[From T. G. Capp•, county •urveyor.] 

I I 
1895 .. - - - - -- -- - . -- - -

0 ' 

5 10 I I 1819-- -- -- ---- -- -- "I 
L.865 .. ____________ __ 

8 10 

7 10 _ __ _,__ _ _j 

GREENVILLE, BONJ> COUNTY. 

[From R. E;. Dewey, •county surveyor.] 

[_,."-------- I ;;, II,.., - -- ---1 
HARDIN ConNTY. · 

[From W. H. S<~roggins, county surveyor.] 

JI<WFERSON COUNTY. 

[From W. F. Williams, !lonnt.y surveyor.] 

~865.. -- -- -- -- -- -- --I 
L---~~-

; ;. 111895 :- ---- -- -: 

a :I 
5 20 j 

o:-1 
5 do I 

_'j 



GANNETT.) SECULAR VARIATION: ILLINOIS. 

Data for deter·mination of Becular variation-Continued. 

ILLINOIS~Continued. 

OLNEY, RICHLAND COUNTY. 

[l<'rom G. ·w. Armsey, county surveyor.] 

I Year. Declination. Year. Declinat::l 

0 I 0 :-1 r....... ... .. 7 30 1895---------------· ~~ 

PEORIA COUNTY. 

[From D. B. Allen, county surveyor.] 

l_I·17 ... ·········I 
0~ 
5 45 I 

':J 
RUSHVILL~;, SCIIUYLER COUNTY, 

[From Jeremiah Stumm, county surveyor.] 

[

815 ______ .... ------

842 ______ ----------

864 .... ------------

0 I 0~ 
~ ~~ ~:~~:::::: :::::::::: : ~~ ., 
7 15 

_ ____c_ ____ _.___ _ _j 

81ARK COUNTY. 

[From eounty surveyor.] 

0 I 0~ I l ~817 ...... ·-- ....... L8M ...... ----- ----
8 10 
7 15 

1864 ...... ______ ____ 6 45 1 

~1-8-95 __ --_-_-_--_-_-_ .. _-_-_ .. _-~-~--5-0~ 

VANDALIA, J<'A YETTE COUNTY. 

[From A. H. Wing, county surveyor.] 

r--:869 ..... ____ . ------------------~1 -~-1----~ ~II 1----895.---·--·--····--1 

VIENNA, JOHNSON COUNTY. 

[From county surveyor.] 

:r · I 0 I li 
:~806................ 7 30 -I 1885 ..... "-- .. -- ----1 

0;1 
4 4~. I 

I 

o:l 
44~ 

267 



268 MAGNETIC DECLINATION IN THE UNITED S'rATES. 

Data for determination of secular variation-Continued. 

ILLINOIS-Continued. 

WAYNESVILLE, DEWITT COUNTY. 

[From John S. Brown, county surveyor.] 

~- y,., l"•cl:··_···ll 
L1867 ---- ---- ----1 6 "II 

Y_e_ar_. --1~:'1 
1892- - - - - - -- - - - - ----I 4 4~ 

The following are from a comparison of county surveyors' returns with 
mean results from Land Office surveys: 

,-----·---------------------~--------.-------------~ 

Difference in-

County. Years. 
Years. Declination. 

Bureau •............... ---- ... . 
Cook ............ ___ .......... . 

Fayette ... __ . -- ... - --.- .... -- . 

Grundy __ .............. -- . -- .. 

McHenry ..... -- .... · ....... -- .. 

McLean __ . __ . -- . -- - -- ....... - . 

Putnam . ___ ..... - ....... -- ... . 

/ ~ichland ......... -- -- __ . -- -- --

Lermilion __ .. __ -- . - .. -- .. -- . --~ 

1827-1893 

1829-1888 

1823-1895 

1821-1892 

1839-1894 

1824-1896 

1826-1895 

1821-1895 

1821-1895 

1\fiCHIGAN. 
DETROIT, 

66 

59 

72 

71 

55 

72 

69 

74 

74 

(From Coast ami Geodetic Survey Report, 1888.] 

203 

192 

195 

154 
154 

275 

194 

220 

255 

I_Y_e_a_r ________ D_e_c_li_n_at-io_n_.II-------Y-~_ar_. _______ IDeclination. 

~- 0' O' 

1810 .. __________ . __ . 2 48 E. 1865. - . __ - .. -- -- - - -- 0 40 

1822- - - - -- - - - - -- -- -- 3 13 1872-- - - - - -- - - -- - - -- 0 25 

1828 ...... ---------- 2 50 1873 ...... ---------- 0 17 

1835---------------- 210 1876 ..... ----------- 0 05E. 

L

-1-84_0 ____________________ - -------'---10 _54-82---"----1-88_5_--_-_--_-_--_-_-____ - ___ --'-_0 31 w .
1 

1859 ______ ----------

GRAND HAVEN. 

[From Coast and Geodetir. Survey Report,l888.] 

11837----------------

1 ~859- -- -- -- -- -- -- - --

1~865-- -- -- --- -- -_-- --

0 I 

5 08 

4 24 

1- 20 

1871. -- - -- . -- - - . -- -
1873. _____ ----------

1880---- ---- ---- ----

0 ;l 3 33 

3 28 

22~ 



GANNETT.] SECULAR VARIATION: MICHIGAN. 

Data for determination of secular variation-Continued. 

MICHIGAN-Continued. 

SAULT STE. MARm. 

[From Coaat aml Geodetic Survey Report, 1888.] 

~-Y-ea_r_. ___ Declina~on.I ____ Y_e_a_r_. --- Declinati~n. 

1

1819 ................. ~ ;3E. 1856 ................ ~ 3
1

2B., 

1843...... .... ...... 1 08 1873.... ...... ...... o 05 w.
1 E: :: : : ._: ~-~-: :--'_,_-~_~_i_-"._~:~_-~_: :_:_: -__ :_:_: :_:_: :_:_: :_:_,__: ~J 

· YPSILANTI. 

[l!'rom Coast
1
and Geodetic Survey Report, 1888.] 

1815 .............. .. 

1825. : .. .. -- ....... . 

1832 .............. .. 

1838 .............. .. 

1851. ....... - .. -.- .. 

1855 ................ . 

1859 ............... . 

1860 .............. .. 

0 ' 

4 OOE. 

3 16 

2 40 

2 25 

112 

1 00 
0 45 

0 38 

1863 ....... - ----- ... 

1875 .. - -...... -- - .. . 

1878 .............. .. 

1881. ......... _ .... .. 

1885 .... -- ...... - - --
1887 ............... . 

1888 .............. .. 

CAss CouNTY. 

(From F. E. Smith, county surveyor.] 

I 0 I 

1 1853 .. ____ ______ ____ . 4 oo 
L88o ...... --·:-- .... 2 45 

1896 .............. .. 

HILLSDALE COUNTY. 

[From George A. Mark, county surveyor.] 

~ ;5 E\.1 
0, 30 w. 
0 45' 
1 00 
1 13 

1 25 

1 30 

o:--1 
1 40 I 

_j 

The following are differences observed in rerunning old lines. 

~YMn Change. Years. Change. 

I Q ' 0 I 

1879-1884 .... -...... 0 33 1880-1884 ........... 0 30 

1879-1884 ...•...•... 0 25 1869-1881 .... - -- .... 1 10 

1871-1875 ........... 0 24 1870-1879 ........... 0 45 

1871-1886 ........... 1 25 1877,..1884.-------.-. 0 33 

1871-1878.-------- .. 0 36 1884-1893 ........... 0 38 

1871-1881 ........... 0 51 1877-1893 ........... 1 34 

1880-1884 ........... 0 24 1876-1880 ........... 
021 J 1880-1884.---- , _____ 0 18 1881-1896 ........... 1 06 

I. 
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270 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

MICHIGAN -Continued. 

KALAMAZOO, KALAMAZOO CoUNTY. 

[From Marcus Baker.] 

~YM_r. _ _IDeclination.l ____ v_ea_r_. ----Declination. 

l
1826 ................ . 

1834 .............. .. 
1879 ............... . 
1880 .............. .. 

0 I 

5 50 :E. 

5 48 
1884 ............... . 

1890 .............. .. 

.3 13 1893 .............. .. 

~s_ __ /_1895 .............. --I 

LEELANAW COUNTY. 

0 I 

2 47 

1 55 

1 39 
1 32 

[From KaRson Freeman, county su~veyor.] 

~ 1~ II I 
0 I I 

1895...... ...... .... o 22 I 
---~i _ __] 

PENTWATER, OCEANA COUNTY. 

[From H. A. Grant, county surveyor.] 

I I 0 I I ~-,J 

li:_:_::_:_::_::_:_::_::_:_::_:~:~---~-~-~~-1-89_5_ .. _·_--_--_-_--_ .. _-_--~·1 ___ 1_4~ 
SHIAWASSEE COUNTY. 

[From H. C. Main, county surveyor.] 

[~ ........ -1 

.. ·-:-:--1 
--~ ;o__.l~~~1--887 __ .... _ ... _ ... _ .. _ ·--'··-l_o 16.1 

CALHOUN COUNTY. 

[From county surveyor.] 

~ ;0 111893 ...... : ......... f 
0 I I 
1 04 I _:_j 
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Data for detenitination of Becular vuriatio~Continued. 

MICHIGAN-Continued. 

DELTA COUNTY . 

. [From county surveyor.] 

c_Y .• ea·

1

•·•••••• •••• ~e40cJ_3;~0a~E;:.n. ____ Y_e_ar_·---~~ou~;;,,l 
r~ 

1

1888 .... ______ ------! 2 30 E.
1 

' 1847 ... ... .. .... .. .. 1 30W._ 1888 ................ ! 3 00 W. 

_1_84_7_. _-._._ .. _·_·_· .. _· ._ .. _. -~-s_o_E_. 1888 ....... ~~~---:-:~·: li 2 oo E. 

184.6 ................ 3 00 E. 1888 ................ 1 15 E. 

184.7.. .............. 11 30 E. 1888 ... : ... :·~~-~-~-~~-E-:-
1846................ 3 30 E. 1887 .............. --~--~-10_ E. 

1846 ................ 3 45 E. 1894 ................ 0 4.5 E. 

18-15.... ............ 1 34 E. 1894 ................ 2 OOW. 

1847.. .... ·--~:- --._.1""315:E:-I~~------_------ ._... 1 00 E. 

184.6 ............... : 4 00 K 1895.... .... .... .... 1 00 E. 
-------- ------ ------------1-----1 

1846...... ...... .... 4 00 E. 1895 ................ 2 00 E. 

1846...... ...... .... 4 00 E. 1895.... .... .... .... 2 30 E. I 

1846 ................ 145 E. 1895 ... , ............ 4. oovv-._

1 
1846 ................ 6 oow. 1895 ................ 10 oow. 

-----1----1 ----- --------- I 

1

11<'7.. .............. 4 30 K _1895:_=--·:_::c: 0 35 E. I 
1852 ................ 4 30 E. 1895 ....... · ......... 3 00 E. 

I 

The following are from a comparison of county surveyors' results with 
mean results from Land Office surveys: 

I_ -----
/ . County. 

Di~~~~:~e in- l 
Yean~. ~ I 

Years. IDeulinatio~. 
____ ,- ---------

Allegan ....................... Ul32-1871 39 194 
Barry ......................... 1829-1896 67 247· 
Cass ....... ~ .................. 1829-1896 67 225 
Clinton ...... ---------· ···---- 1831-1895 64 237 
Grand Traverse ................ 1844-1893 49 154 
Hillsdale ...................... 1825-1896 71 271 
Kalamazoo .................... 1827-1890 63 208 
Lenawee ...................... 1822-1896 74 274. 

/ Mecosta ................... : . .. 1841-1895 54 170 
Monroe ----------------------- 1827-1895 68 

iJ Oakland ------ -----· ---------- 1819-1895 76 
I Ocea~a ................ ~--- .... 

1 

1839-1895 56 3 



272 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of Beoular variation-Continued. 

WISCONSIN. 

MADISON. 

[From Coast and Geodetic Survey Report, 1888.) 

Year. IDeclination.l Year. Decllnation.l 
---- --------
! 0 I 0 I 

1839 .... _______ . __ . _ 7 30 1879. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 27 I 
1841. ........ -------- 7 30 1880.----- ---- .. ---· 6 21 
1876. _ . _ . . . . . . . . . . . . 1 oo ~881. .... ____ .. . .. .. 6 21 1 

1877...... ...... .... 6 45 1888 ................ 

1 

5 53 1 
1878............ .... 6 33 __j 

MILWAUKE1<J. 

[From Coast and Geodetic Survey Report, 1888.] 

r----------------~--

1859 .............. .. 
1871. ............. .. 

L_873 .............. .. 

a ' 
6 20 

6 43 
6 22 

1882 ................ 1 

1888 ................ / 

APPLETON, 0UTAGAMIE COUNTY, 

[By F. J. Harriman, county surveyor.] 

1843 ...... ------ ..... / 
r 

~ ;2 111895 ............ ----1 

IOWA COUNTY. 

[From R. L. Joiner, county surveyor.] 

G~---------
e.862 .............. .. 

0 ' 

8 00 

7 00 

1880 .............. .. 

1895 ............... . 

JUNEAU COUNTY. 

[From J. T. Patterson, county surveyor.] 

G85L. ----1· ; ~ 111895 -- ---- -----1 

KEWAUNEE, KEWAUNE1<J COUNTY. 

[From W. T. Rodney, county surveyor.] 

G,, - --- ---1 : ;, II·"'' -- ------ ____ , 

a ,J 
4 55 I 
4 22 

I 

a:-1 
33~ 

o;j 
50~ 

0;1 
2 ;o I 
~ 



GANNETT.] SECULAR VAR£A'l'ION: WISCONSIN. 

Data for determination of secular variation-Continued. 

WISCONSIN -Continued. 

MONROE COUNTY. 

[From Webster Kenyon, county surveyor.] 

F---Y_e_a_r_. ----I-D-ec_h_·:-a-t~-on_. 11 _____ Y_e_a_r. _______ Docl~~~ 
L855 .•.... ____ ----·· 8 32 1895 .. ---· ...... ---· 6 3~ 

OAKLAND, JEFFERSON COUNTY. 

[From C. S. Goodrich.] 

~851.. .... ··---- ----1 ~ ;0 11 1885.. .... _____ ----1 
L-------------L-----~---

ONEIDA COUNTY. 

[From D. H. Vaughn, county surveyor.] 

~860 .....•.......... , ~ ~0 111895 .•••...•........ , 

OZAUKEE COUNTY. 

[From county surveyor.] 

~848 ••.. ____ ..•. --··1 ~ ;0 111895 .. __________ --·-1 

8IIEBOYGAN, SHEBOYGAN COUNTY. 

[From county surveyor.] 

0~ 
5 20 I 

oel 
3 45 I 

0 I 

4 30 

I I 1857 _______________ _ 
0 I 

6 15 
6 05 

I 0 ~ 
1894 ....•• __________ 

1 

3 20J 
L865 _______________ _ 

TAYLOR COUNTY. 

[From John .A.. Logan, county surveyor.] 

Results from rerunning old lines. 

0 I 

1847 ·-···· ......... . 8 00 1891. •.... ··•··· ----

1847 ........••.. -··· 7 30 1891. - - -- ....... - •.. 

1857 .......••. ······ 8 60 1890.- ......•.•..... 

1857 ...... , ... ······ 7 30 1891 .. - --· ......... . 

0 I 

5 30 

5 22 

G 30 

5 30 
---- "-------1----1 

1854 .......... ······ 

1854 ............... . 

17 GEOL, P1' I--18 

6 45 

7 00 

8 00 

8 30 

1884 ..... _ ...•..•... 4 16 

1884 .......•........ 4 31 

1895 ...... --·· ······ 5 41 

1895 .. - ..........••. 6 24 

,.. 

273 



274 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

WISCONSIN-Continued. 

VICTORY, VEHNON COUNTY. 

[From C. M. Sterling, county surveyor.] 

I Year. 1Declination:' Year. 

1
~-1--1 

0 I 

L870 ... _ ______ __ _ ___ 7 35 1895-.- .. - -----. ----

Declination.! 

0 I I 
6 o4 I 

The following are from a comparison of county surveyors' results with 
mean results from Land Office surveys: 

County·. Years. 

Differenc~ 

Years. De~~ 

Calumet ....................... 1837-1895 58 115 
Columbia ...................... 1836-1895 59 175 
Green .. _ ... _ .. _ . _________ ..... 1834-1894 60 222 

Jefferson . -.------- ------ ------ 1836-1885 49 90 
Outagamie -------------------- 1839-1895 56 158 
Rock---- ............ __________ 1834-1892 58 185 
Sank .... ____ ------ ____________ 1839-1893 54 

~ Sheboygan ····-----·- ---------- 1835-1894 59 0 

The following are estimates of secular variation by county surveyors: 

County. 

Adams . __ .......... ___ .. _______________ ..... _______ _ 

Barron . _ ................ ____________ . _____________ . _ 
Jefferson. __ .... ____ ...... __________________________ _ 

Waupaca .. __ ........ __________________ .. ______ ------

Winnebago ...... __ ........ ______________________ ... . 

Sec. var. 
por year. 

3.0 
3.5 
3.5 
4.3 

2.~ 
-----------------

MINNESOTA. 

BENTON COUNTY. 

[From county surveyor.] 

1- Year. 

~884 ............... . 
0 I 

1895 ...... ·····- .... 9 10 

Year. Declination. 

0 I 

Declination. 

9 50 



GANNETT.] SECULAR VARIATION: MINNESOTA. 

Data for determination of secular variation-Continued. 

1\IINNESOTA-Continued. 

LESUEUH COUNTY. 

[From Edward Solberg.] 

l _____ Y_e_a_r. ____ 
1
D_e_c_li_:_a_t:-on_. ______ Y_e_ar_. ____ Doo<;:•j 

1_--: _ ___ _ _ _ ___ _ __ _ ,, 00 1895. _____ .••• _ _ _ _ __ • ·~.~ 
NEW ULM, BHOWN COUNTY, 

[From county surveyor.] 

[=----- ··----- --1 
0 I 

111895 ............ ----1 11 23 

ST. CLOUD, STI~ARNS COUNTY. 

[FromM. r. Noel, county surveyor.] 

~- ·-- ·----- -----1 ,; ;0 lll895 .... ·- ---------I 
WATONWAN COUNTY. 

[From Otto Close, county surveyor.] 

[srL .. ---- ----1 ,; ;. 111895 ______ ---- -- -I 

o:l 
82~ 

o:l 
8 30 I 

I 

0 I 

92~ 

275 

Tht following an· from a comparison of county surveyors' returns with 
mean returns from Land Office surveys: 

County Years. 

Benton ........................ 1853-1895 
Bigstone ...................... 1869-1895 
Blue Earth .................... 1854-1894 
Brown ........................ 1858-1895 
Cottonwood ................... 1859-1896 
Dodge ........................ 1854-1895 
Fillmore ...................... 1853-1895 
Goodhue ...................... 1855-1895 
Martin ........................ 1855-1894 
Ottertail ...................... 1868-1896 
Ramsey ....................... 1847-1890 
Stearns 

~ --- -- --- -- - - -- --- --- -- 1857-1895 
"\Vatonwan .................... 1856-1894 

Differenc~ 

Years. De~.l 

42 96 
26 170 
40 100 
37 115 
37 130 
41 105 
42 153 
40 170 
39 100 
28 113 
43 90 
38 

~ 38 1 



276 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data fot· determination of Becular variation-Continued. 

MINNESOTA-Continued. 

The following are estimates of secular variation from county surveyors: 

C County. Sec.var. 
per year. 

----1--i 

I 
Fillmore .... _ .......... _ .......................... .. 

Anoka ............................................ .. 
3.3 
3.6 

BlueEarth.......................................... =·~ I 
Bigstone ............. _._· _ .. _._·_·_·_--_·_·_·_·_· _ .. _._·_·_· _ .. _._·_·_· _ .. _._·.__~ 

IOWA. 

AFTON, UNION COUNTY. 

[FromM. V. Ashby, county surveyor.] 

~~ Y- ~~U .. Mooii--Y-ear_. -IDeclinat~ 
I 1849 ................ , 1~ dz 1895...... ...... .... ~ lo / 

BLOOMFIELD, DAVIS COUNTY. 

[From Thomas Duffield, county surveyor.] 

[s~ --------- -----1 
0 I 

111895 ................ , 9 35 

BRIDGEWATER, ADAIH COUNTY, 

[From George F. Clark, county surveyor.] 

From 1854 to 1895 declination diminished 1° 30'. 

CLARENCE, CEDAR COUNTY. 

[From Joh~ Zuck, county surveyor.] 

1~8~ ---- ------ -
L889 .............. .. 

0 I 

7 45 

7 20 
1895 .............. .. 

CLARINDA, PAGE COUNTY. 

[From A. S. van Sandt, county surveyor.] 

~L- - ---1 ,: ;, II"" - ---- I 

0~ 
81~ 

0~ 
6 45 I 

_j 



GANNETT.) SECULAR VARIATION: IOWA.' 

Data for determination of secular variation-Continued. 

IOWA-Continued. 

CLARKE COUNTY. 

[From county surveyor.] 

Year. Declination. Year. 

9 30 
0 I 

1895 .............. .. I I 1850 .............. .. 

DELHI, DELAWARE COUNTY. 

[From D. 0. Potter, county surveyor.) 

I I 

I ·I L837 ................ . ~ ;5 111893.. ............. -I 
DEWITT, CLINTON COUNTY. 

[From R. G. Brown, county surveyor.] 

I 
1 1878 .............. .. 

L888 .............. .. 

0 I 

6 30 

5 45 

1895 ............... . 

DUBUQUE, DUBUQUE COUNTY. 

[From county surveyor.] 

[874 ___ :_ ---- --- ~ 25 111895 .......... ------1 

GILLETT GROVE, CLAY COUNTY. 

[From P.M. Moore, county surveyor.] 

[-- ----- ----1 111893.. ......... --. --I 
0 I 

11 30 

GLENWOOD, MILLS COUNTY. 

[From Seth Dean, county surveyor.] 

118/iL _________ 0 I 

11 17 1881. ............... 

1853 ................ 11 12 1882 ................ 

1858 ................ 11 14 1883 ................ 

1860 ................ 11 13 1884 ................ 

1873 ................ 10 27 1885 ................ 

1878 ................ 10 47 1889 ................ 

1879 ................ 10 35 1895 ................ 

1880 ................ 10 42 1896 ................ 

Declination.! 

0 I I 
8 oo I 

o:J 
52~ 

o:J 
6 30 I 

~ 

()~ 
8 4~ I 

:'J 

0 I 

10 10 

10 30 

10 10 

10 46 

10 34 

10 20 

9 33 

9 26 
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278 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

lOW A-Continued. 

HAMPTON, FRANKLIN COUNTY. 

[From William F. Kelley, county surveyor.] 

Year. Declination. .Year. Dcclinat~ 

1895 ____ __ ____ : ,~ I 0 I 

1851..--- .. --- •.... - 8 17 

1--------------~--------~-~ 
MANSON, CALHOUN COUNTY. 

[From county surveyor.] 

0 I I 
92~ 

The following are from a comparison of county surveyors' returns with 
mean results from Laud Office surveys: ,- Difference in-

County. Years. 
Years. Declination. 

I 

Cedar ........•................ 1838-1895 57 138 
Clay .......................... 1857-1893 36 131 
Dubuque ...................... 1839-1895 56 130 
Keokuk ....................... 1843-1895 52 132 L:;onW ......... ····· .... 1855-1894 39 _i£J Ilo ...•................... 1844-1895 51 4 

MISSOURI. 

ST. Lours. 

[From Coast and Geodetic Survey Report, 1888.] 

Year. Declination. Year. Declination. 

0 I 0 I 

1819 .. --- ... -- .... -. 10 48 1877.... . . . . . . . . . . . . 6 30 
1835.... .... .... .... 8 49 1878.... .... .... .... 6 34 
1838 .. - - - . -..... - . . . 7 45 1879. . . . . . . . . . . . . . . . 6 13 

'--1-8-56_._-_--_-_-_--_-_·_··_-_··-·~ __ 6_2_3_·~1-8_8_6_ .. _._··_·_··_-_-_-·_-_·_··~ 6 11 1 . 1872 .... ············ 6 37 ___] 

CASS COUNTY. 

[From county surveyor.] 

[ • ., _____ ---- --I ; do 111896~--------------------,---1 -; n 



GANNETT.) SECULAR VARIATION: MISSOURI. 

,Data for determination of Becular variation-Continued . 

. MISSOURI-Continued. 

CLARK COUNTY . 

. [From 0. F. Ensign, county surveyor.] 

Year. Declination. Year. 

0 I 

·1820 ............... . 1866 ............... . 
1836 .............. .. 1895 .............. .. 

Declinat=t 

0 I 

7 08 
6 05 

L855 ............... . 

8 15 

8 00 
7 30 

C'___ ______ _j 

FRANKLIN CouNTY. 

[From C. L. Moore, county surveyor.] 

[8l7-------- I ;do 11'"'--- -- ----1 
0~ 
4 30 I 

I 

HOWELL COUNTY. 

[From T. F. Adams, county surveyor.] 

G, ...... ---- ·····-1 
0~ 
5 15 I 

:J 
MORGAN COUNTY. 

[From D. W. Eaton, county surveyor.] 

1 "''-- __ __ __ _ _ _ __ _ --~-2-11_ ~ 
1893 ................ ,~1 

1858 .............. .. 7 19 1893.... ...... ...... 5 24 
-------------

1859 .............. .. 6 45 1894 ............... . 4 56 

1855<- ............ .. 7 28 1881. ............. .. 6 28 
-----·----)----1 

1854. ............. .. 6 53 1890 .............. .. 5 36 

1855 .... ...... .... 7 30 1893 ...... ··---~---· 6 oo 
. .. .. .. .. .. .. .. 7 57 1890.... .. .. .. .. .. .. 6 36 

-------------~------

PEMISCOT COUNTY. 

[From W. W. Tensley, county surveyor.] 

[. .. , - - --I ; ,'2 Ill&% -·· -- - ---1 
0 I I 
5 17 I 

~ 
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280 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

MISSOURI-Continued. 

PgRRY CoUNTY. 

[From T. li. Layton, county surveyor.] 

I Year. Declination. Year. 

0 I I L818 ................ 8 00 1896 ................ 

SHANNON COUNTY. 

[From T. J. Rowlett, county surveyor.] 

["•---- -- --- ------1 : ;. 11,~- --- ---- --1 
STONg COUNTY. 

[From 'Villiam J. King, county surveyor.] 

'---j.s~47 ·~ ... _ .... _ ... _ ... -~-~--~_:o~~~1895 ........ _ ........ j 

SULLIVAN COUNTY. 

[From Charles Reeves, county surveyor.] 

[ --------- - - ! 1895 ................ j 
<j I 

9 45 

TANEY COUNTY. 

[From n. W. Strahan, county surveyor.] 

1: 11872 .............. .. 
1886 .............. .. 

0 I 

7 01 
6 30 

1895 .............. .. 

NORTH DAKOTA. 

NELSON COUNTY. 

[From D. S. Do<lds, county s;,rveyor.j 

Declination. 

0 I 

4 45 

o:l 
51~ 

c~ 
5 30 I 

~ 

r~ Y•M ~cl:•••~' ____ Y_e_a_r_. ___ D~:=~9 
L882.... .... .... .... 13 30 1895 .... 0 .. 0 .... .... 13 o~ 



GANNETT.] SECULAR VARIATION: N. DAK.-S. DAK.-NEBRASKA. 281 

Data for determination of secttlar variation-Continued. 

NORTH DAKOTA-Continued. 

PEMBINA COLNTY. 

[From .E'rank E. Hebert, county surveyor.] 

Year. Declination.[ Year. Declinat;;:] 

0 0 

1867 .... ---- -·-- ---· 14 40 1890 .... ·--- -··· ---- 12 40 
1--------------11------------~ 

1867-------- .... ---- 14 38 1883 .... ------------ 12 52 

1867 .... ------------ 14 05 1895 ..•. ------------ 11 45 

1868 .... ------------ 14 35 1895 .... ------------ 114~ 

SOUTH DAKOTA. 

CODINGTON COUNTY. 

[From George W. Carpenter, county surveyor.] 

Year. 

1 1~7~ ______________ .. 

L--------··----

------~-----~ 

Declination.! Year. Declination.! 

0 ' 

10 15 

10 08 
1895.--- .. ----------

0 I 
10 00 I 

··---------------------' 

NEBRASKA. 

OMAHA. 

[From Coast and Geotietic Survey Report, 1888.] 

Year Declination. Year. Declination. 

. ___ · ---1-----11-------~----1 

1

1819 .. - - - - --- - -- - -- . 
1869 ...... ----------

~::~~~~~~~:~::: 

0 I 0 I 

12 47 

10 43 

10 44 

10 22 

1878-- - . - - - - - -- - ---- 10 30 

1880 .... ------------ 10 06 

1888--------------'---- 9 30__] 

BF,ATRICE, GAGE COUNTY. 

[From Willis Ball, county surveyor.] 

L187· __________ , 1°1 ;0 111895 .... ------------1 

CULBERTSON, HITCHCOCK COUNTY. 

[From L. J. Carrington, county surveyor.] 

0 

0 I 

11 0~ 

~ 
0 I I r 

11872 _______________ _ 

L883 .... __________ __ 13 35 1895 .. __ .. ____ .. _ _ _ _ 12 15 1 

13 00 

-"------'---_j 



282 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of Recular variation-Continued. 

NEBRASKA-Continued. 

ELAINE COUNTY. 

[FromM. Hollapeter, county surveyor.] 

I Y•~ 1~·:···:··11 . y~, 1"'"':···~1 
L187L . ····I 13 "' II 1895 . . ....• ·I 12 ~ J 

JOHNSON COUNTY. 

[From county surveyor.] 

0 

10 30 111894.. .............. 1 
0 I I 
8 10 I 
"j 

0TOE COUNTY. 

[From county surveyor.] 

0~ 8 5:J 
The following are from a comparison of county surveyors' returns with 

mean results from Land Office surveys: 

County. 

Banner. ___ ................ _ .. . 

Cass ....... _ ................. . 
Cheyenne _ .......... ____ ... __ _ 

Hall ............. · ............ . 

Hitchcock .................... . 
J e:t'rerson ................... _ .. 

Nemaha ...........•........... 

Phelps ....................... . 

Platte ........................ . 
Sarpy ......................... . 

Years. 

1870-1895 
1856-1895 
1870-1896 
1862-1893 
1.870-1895 
1856-1ll95 
1855-1896 
1865-1896 
1857-1895 
1856-1895 

KANSAS. 

ANTHONY, HARPJ<JR COUNTY. 

[From J. B. Lee, county surveyor.] 

Differenc=l 

Years. De:::::~ I 

25 
39 
26 
31 
25 
39 
41 
31 
38 
39 

77 
75 
90 
89 
72 

.. 145 

60 
90 

143 
65 

~ Yoo, nocl~~;oo~~~~--Ycar._i""'':••~>ool 
I 1873 ........... -.... 10 50 1896 ............... ·I 9 5~ 



GANNETT.] SECULAR VARIATION: KANSAS. 

Data for determination of secular vm·iation-Continued. 

KANSAS-Continued. 

BuRLINGTO]'ij", Cmn,'EY CouNTY. 

[From H. E. Robson, county sur .. eyor.] 

~~-y~-e_a-r~.~~~-- Decli~ati?n·II ____ Y_e_ar_. ____ 
1

ID __ •_c_li_n_at_:J_on. 

,_ Ol \ Ql I 
1881. .............. . 

1891. .............. . 

1892 ............... . 

L.893 ................ J 

10 36 

9 4::1 
9 41 

9 44 

1895.... ...... .• .. .. 9 33 
1894...... .•...••••. 9 ~2 

1896 ................ 

1 

9 24 

--~------------~---

BUTLl•~R COUNTY. 

[From T. H. Austin, county surveyor.] 

I .. 
l'''" . . . -I .~ ;, II""· . . . . -I 

DODGE, FORD COUNTY. 

[l!'rom John G. Fonda, county surveyor.] 

l1870.. ... .... .. --1 ,; ~ 11 1895 . .•. . . -I 

DONIPHAN COUNTY. 

[From E. S. Castle, county surveyor.] 

~-

~855.. .............. 1 

G I 

1118fl5 ......... :------1 11 30 

EDWARDS COUNTY. 

[From Cyrus Robert", county surveyor.] 

l1873 ................ 1 1~· ;0 111895 ................ ! 

EUREKA, GREE!I!WOOD COUNTY. 

[From H. E. Robb, county surveyor.l 

1 1881 ............... . 

1882 .............. .. 

0 

18!)0 .............. .. 
10 43 1889 ................ . 

10 17 

1883 .............. .. 1891. .............. . 

0 I 

10 45 

~ 9 42 1 
9 44 

1884 .............. .. 

10 13 

10 03 1892........ .... .... 9 52 

1885 ............... . 9 47 1893... .. .... ....... 9 38 

1886 .............. .. 9 55 1894...... .... ... ... 9 28 

li; : : ::::, :_:_~ __ 1_8_9_5_._-_ .. ·_·_· _ .. _._ .. _·_·_· · _ _: J 

283 



284 MAGNETIC DECLINATION IN THE UNITED STATES. 

Da.ta .for determination of secular variation-Continued, 

KANSAS-Continued. 

JETMORE, HODGEMAN COUNTY. 

[From A. L. Hull, county surveyor.] 

l_v_o_ar_. ____ Declination. I----Y_e_ar_. ____ 
1
_D_e_cl-in_a_ti-on_. 

~- Ol 0 I 

1880 ...... ---··· •... 

1881.. - . - - - - - ...... . 

1882 .... ·--··· ..... . 

1883 ...... ·----· ... . 

1884 .... ·----· ..... . 

1885 .... ··---- ······ 

1888 ... --- ......... . 

1889 ...•...... ······ 

1890 .... ---- ....•... 

1891. ..... ---- ······ 

1892 .... ---- --·· ... . 
1893 ............... . 

11 21 

11 20 

11 20 

11 14 

1104 

11 00 

~::: :::::: : 

11 45 

11 46 

11 55 

11 44 

11 27 

11 28 

11 22 

11 21 

1894 .... ______ ______ ~~ ~~ 1 

1895 .• -_-·_·_·_· -_-_-_· -_-_· --~ 

LINDON, OSAGE COUNTY. 

[From S. H. McNeil, county surveyor.] 

11870h~h. hh hh 0 I 

11 11 1882 ................ 

1871.- .......... ··-- 11 13 1883 ........ ·--- .... 

1872 .......... ·••••· 11 25 1884 .... ---- ........ 

1873 ...... ---- ...... 10 05 1887 .............•.. 

1874 .............•.. 10 17 1888 ................ 

1875 .. - . - ... -....... 10 15 1889 .... ---~ ---- .•.. 

1876 ...........••... 9 56 1890 ...... ····-- .... 

1877 ................ 9 47 1891. .. - - - ....... - .. 

1878 ................ 10 12 1892 ............ ----

1879 ...... --·· ...... 10 18 1893 ................ 

~-------······· 10 15 1894 .......••••. ----

'"'• • a"' • • • • • • • • • • 10 27 

MARYSVILLE, MARSHALl, COUNTY. 

[From John Braly, county surveyor.] 

1881 ........ --------

1886 ........ ---- ----

1887 ······ ......... . 

1888 ...... ------ ... . 

I~ : :::::::: :: 

0 

10 35 

10 02 

10 00 

9 36 

9 40 

9 33 

1891. ... - - - . - ... - - .. 
1892 ............... . 

1893 ............... . 

1894 ............... . 

1895 ........ ---· ...• 

0 ;,-1 
10 

10 12 

10 10 

9 57 

9 50 

9 45 

9 43 

9 45 

9 55 

8 45 

_:j 

0 I 

9 31 

9 21 

9 21 

9 20 

_:j 



GANNETT.) SECULAR VARIATION: KANSAS. 

Data for determination of BCCltlar variation-Continued. 

KANSAS-Continued. 

MOLINE, ELK COUNTY. 

[From J. T. Chapman, county surveyor.] 

Year. Declination. Year. IDeclination, 

0 I 

1895 ...... ·- ---· .... / 1870.--- •.. - .•. ----- 10 45 

--

NEWTON, HARVEY COUNTY. 

[From James Dawson, county surveyor.] 

1884...... . . . . . . . -I ;. ;, 111892 . . . . . . . . . . .. -I 
1885 ...... ---- ...... 1 10 22 11894 ............ ----1 
1891.- ... - ---.-- .... - 10 33 1895 .... - .. ----.-- .. 

~------------------------

OSBORNE, OSBORNE ,COUNTY. 

[From A. A. Nolan, county surveyor.] 

0 I 

9 10 

0 

10 15 

10 23 

10 18 

1

1872..-- .... -- .... .. 

1873 ............... . 

1874 .............. .. 

1884 .............. .. 

1 1885 ............... . 

•o 
12 16 

12 17 

12 14 

11 00 

11 00 

11 04 

1887 ................ - ~;1~ o~l~ -~ 
1888 ............... . 

1889 .............. .. 

1891...... ...... .... 11 04 

L886 ............... . 

1894 ...... ______ .... 11 02 I 
1895...... ...... .... 10 57 

PHILLIPSBURG, PHILLIPS COUNTY. 

[From F. R. Weeks, county surveyor.j 

1882.... . .... --1 .~ ;, 111895 . . .. -I 
SALINA, SALINE COUNTY. 

[From 0. P. Hamilton, county surveyor.] 

11875 ................ 
0 

"12 09 1886 .... ................ ----
1876 ................ 12 08 18l:l7 ................ 

1877 ................ 12 06 1888 ................ 

1878 ................ 11 51 1889 ................ 

1879 ................ 11 56 1890 ................ 

1880 ................ 11 48 1891. ............... 

1881. ............... 11 46 1892 ................ 

1882 ................ 11 43 1893 ................ 

1883 ................ 11 47 1894 ................ L; .............. 11 40 1895 ................ 

-------------.- 11 22 1896 ................ 

0 

10 57 

0 ;:l 11 

11 30 

11 24 

11 26 

11 25 

11 25 

11 07 

11 00 

10 49 

~ 0 

285 
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286 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular ·variation--Continued. 

KANSAS-Continued. 

SMITH CENTER, SMITH COUNTY. 

[From W. H. Withington, county surveyor.] 

1882 ...... ---- ····•·· 
1883 .... ---. ·-- ... .. 

1884. ............. .. 

1885 ...... --- ..... .. 

12 06 

12 04 

12 02 

12 00 

1889 ............... . 

1890. - - - - .. - - . - ... - . 

1891 ...... --- ... ·-·· 
1892 ............... . 

11 53 

11 51 

11 49 

11 48 

1886 .•.. ------ .... .. 11 59 1893.. . • . . .. .. .. . . . . 11 46 

~:: :::::::::::: 11 58 1894................ 11 ~~ 1 

115 _6_..:.:..___1_8_9_5_ .... - ... --- ..... -~ 

ST •• JOHN, STAFFORD COUNTY . . 
[From W. F. Noble, county surveyor.] 

11879 .... u ---· 

1880 .......... ------

1881. .............. . 

1882 .......... ··----

1884 ......•..... ···-

1885 .......... ------

1886 .............. .. 

1887 ............... . 

0 

11 52 

1154 

11 42 

11 05 

10 45 

10 54 

10 57 

10 52 

1888 .............. .. 

1890 .......... ------
1891. ............. .. 

1892 ............... . 

1893 ............... . 

1894 ............... . 

1895 ...... ---- ..... . 

1896 ............ - .. . 

VVASHINGTON, vVASHINGTON COUNTY. 

[From T. U. Ellington, county surveyor.] 

1--:,, · · ·--- -----I :, ,; II ----· · · · ----1 

VVEIR, CHEHOKEE COUN1'Y. 

[From W. H. Dugger, county surveyor.] 

VVICHITA, SEDGWICK CoUNTY. 

[From W. R. Kesler, county surveyor.] 

G"·· ---- --- --I :, ,; II"'"--- I 

10~1 
10 44 

10 40 

10 36 

10 33 

10 35 

10 31 

0 

10 37 

0~ 
8 30 I 

I 

0~ 
103~ 
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Data for determination of secular variation-Continued. 

KANSAS-Continued. 

The following are from a comparison of county surveyors' returns with 
mean results from Land Office surveys: 

County. 

Atchison ....•................. 
Brown __ ...... __ .. __ . ___ ... __ . 

Butler ................ __ .... .. 

Cherokee .................. __ . 

Clay .................... __ ... . 

Coffey ....... __ .... ____ ....... . 

Dickinson .................... . 

Doniphan ............. -- .... .. 

Edwards ...... ------ ......... . 
Elk .......... ________ ........ . 

Ellsworth ......... ____ ...... .. 

Ford ............ ____ ......... . 

Gray ••........................ 

Greenwood .... __ . __ ....... __ .. 

Ha;rper ......... __ ... : ........ . 

Harvey ..... ____ .......... __ .. 

Hodgeman ................ __ __ 

Jackson .................... __ . 

Jewell ....................... . 

Linn .. __ ..................... . 

McPherson .............. __ .. .. 

Marion ...................... .. 

Marshall ..................... . 

Meade ....................... . 

Ness ........................ .. 

Osborne ..................... .. 

Pawnee .... ____ ............. .. 

Phillips ____ ...... __ ......... .. 

Pottawattomie .............. .. 

Reno ........................ .. 
Rice . __ ............. __ .. __ .. __ 

Riley .................... __ ... 

Rooks ....................... .. 

Sedgwick ............ ___ .... .. 

Sherman .......... __ ......... . 

Smith ......... ---.--.-- ... : ... 
Wabaunsee .... __ . ____ .... ___ . 
Woodson .. ________ .. __ . __ . __ .. 

Years. 

1855-1892 
1855-1893 
1862-1893 
1868-1896 
1857-1895 
1856-1895 
1856-1895 
1855-1895 
1871-1895 
1867-1895 
1859-1895 
1872-1895 
1872-1895 
1867-1895 
1876-1896 
1857-1885 
1870-1895 
1855-1895 
1862-1894 
1856-1895 
1858-1894 
1857-1893 
1855-'1895 
1873-1896 
1869-1895 
1864-1895 
1867-1893 
1859-1895 
1855-1895 
1859-1895 
1866-1895 
1856-1895 
1865-1895 
1859-1895 
1871-1888 
1862-1895 
1856-1892 
1867-1895 

Differe11c==-l 

Years. De~~ 

37 
38 
31 
28 
38 
39 
39 
40 
24 
28 
36 
23 
23 
28 
20 
38 
25 
40 
32 
39 
36 
36 
40 
23 
26 
31 
26 
36 
40 
36 
29 
39 
30 
36 
17 
33 
36 
28 

145 
93 

108 

142 
151 
175 
110 

146 
80 

137 
141 
78 

102 
118 

60 
102 
56 

129 
108 
174 
150 
115 

151 
45 
78 
71 
94 

145 
172 
155 
112 

11)1 
97 
80 
51 
96 

100 

148 



288 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data for determination of secular variation-Continued. 

WYOMING. 

CHEYENNE. 

--··~--

I Year. Declination. Year. 

l 
l 1873 ...... ---· ·---·-

I I 1872 .. __________ .... 

0 I 

15 30 1895 .. ---- ---- -.- ... 

LARAMIE. 

() I 

16 21 
15 52 

1888 ...... ----------
1895 ...... ····-- ... . 

Declinat 

--
0 

14 3 

0 II 
L878. ______________ _ 

14 57 1 

142~ 
"------------------

COLORADO. 

DENVER. 

[From Coast and Geodetic Survey Report. 1888.] 

I_Y_e_a_r_. --- D __ ec_h_·n._a_ti-on __ ·II-----Y-e_a __ r. ____ Declination.) 

~~ 0 I ~~0-~-~ 
1 1866........ ........ 15 oo 1878 .. :............. 14 40 I 
[E:::: ::::::::::: :: :: 1888 • •..• •••• .::J 

ALMA, PARK COUNTY. 

[From W. H. Powless, county surveyor.] 

0 I I 
13 5~ [881. .. .. .. -I 1~ ;0 111895. . .... 1 

The following are from a comparison of county surveyors' results with 
mean results of Land Office Surveys: 

I County. Years. 

Arapahoe, west part .......... 1860-1888 

Bent .....•.. ------ ........... 1871-1888 
Costilla ........••••.......•.. 1871-1895 

El Paso ..................... -~ 1869-1886 

Pueblo ....................... 1869-1888 

DHferenc 

--
Years. De 

28 
17 
24 
17 
19 

=l 
~::I 

59 
40 
57 

_ij 



GAZ\NETT.] :SECULAR VARIATION: ARIZONA. 

Data fm· determination of secnlar variation-Continued. 

ARIZONA. 

YUMA, YU~IA COUNTY. 

[From 0. F. Townsen•l, connty surveyor.] 

Year .. Declination. ----Y-ea_r_. ___ Declination. I 

1881. ...... __ ... _. __ 

1 

1886 .............. .. 

0 ' 

13 35 

13 41 

1893 .............. .. 

GRAHA~l COUXTY. 

lFrom Samuel Logan, county surveyor.] 

0 • I 
13 <15 

I 

----.---------

!Declinntion.l 

:2 3,0 1 

~~---
Year. Place. 

Duncan ... _ ..................... __ ....... _ { 1882 

I 1895 

Clifton.. . . . . . . . . . . . . . . . . . . .............. -~{ ~:~! 

Solomonville .............................. I{ ~~~: 

'"Jf"'' ................................. ·ll :::: 
Camp Grant ............................... 1{ ~:~: 

I (Ollip ThOO>O" ... m m.. .. m .... • .. _._·._I{ __ :_:_~_:_, 

12 10 

12 30 

12 17 

14 06 

12 25 

14 06 

12 30 

12 ilO 

12 25 

14 07 

12 32 

289 

The following comparative results consist, for the cal'lier date, in the 
average of the observations taken within the county, or part of county, 
i11 connection with tile survey of exteriors and standard lines by the 
Geueral Land Office, and for the later date in connection with the snrvey 
of subdivision li11es by the same organization: 

1 --- I I Differen<:<~~· 
County. Year. in decli-

natioll. 

:--------------------11----~---, -1 

{ 
1877 } Yuma (eastern part)....................... 
1893 

-55 

Maricopa (eastern part) .................... { ~:~~ } -16 

. { 1870 } Maricopa (southwestern part).............. 
1892 

-41 

{ 
1872 } 

l\laricop'l (northwestern part).- ...... -- .. --
1883 

- 5 

I p;o,.J<w~tem J>"") ........ u ...... ~~ ::: } -50 I 

L------
17 GEOL, PT I--19 



290 MAGNETIC DECLINATION IN THE UNITED ST A'l'ES. 

Data for dctcJ•mination of secular ·vttriation-Continned. 

ARIZONA-Continued. 

The following comparative resultR are derived from the surveys by 
the General Land Office of the exterior lines of townships on the one 
hand, and on the other of the subdivision lines of the same townRhips. 

I 

·~ I --~~ifi'e:H<c-1 

i---------'1'-ow_n_•_h_ip_. -------1 Year. _/declii~:_:tiun.l 
, I . 

T. 11 N., R. 3 E ........ - ....... ----------- .. 
1

{ ~:~~ i} -36 

T. 21 N., R. 17 W ........................... { 

T. ;{ N., R. 3 E .............................. { 

T. 3 N., ll. 4 E ............ : ................. { 

. I 
T.5 S., R 7 E .............................. I{ 

I 

T.6 S., R.9 E ............................ --I{ 
T.4 N., R, 1 E .................... : ......... I{ 

I 
T.4N.,R,2 E ............................ --'{ 

I 
T. 4 N., R, 3 E .............................. :{ 

I 
T.5 S., R. 7 W ............................. 1{ 

I 

T.6 s.,R.4 w ............................. { 

T. 6 S .. R. 5 W ...... : ....................... { 

T. 6 S., R. 6 W ............................. { 

T.6 S.,R.7 W ............................. { 

J073 II} 
0 -!13 

1891 

11168 :} -- 2 
18~)4 I 
1869 '!} 
18H5 

-21 

186\1 II} . -51 
1891 

-50 1B!J9 ]} 
1891 

1868 i} -27 
1894' 

I 
1868 l -26 
1894 I 
1868 I} _ 2 
1894 

1871 j'} -87 
1892 

1872 } -38 
1892 

1871 } -41 
·1891 

1872 } -78 
1892 

1872 } -31 
1892 

T. 4 S., R. 6 W ............................. { ~:~~ } -·12 

I T. 48., R.10W . -- .............. -- .. -- ... )_~:~~ j} -~3~ 



GANNETT.] SECULAR VARIA 'l'ION: ARIZONA. 291 

Dat<tfor determination of secular variation-Continued. 

ARIZONA-Continued. 

Of the following comparative results those of the earlier dates are 
derived from the expeditions of Lieut. J. 0. Ives and Capt. W. H. 
Emory, those of the later dates from surveys of the General Land 
Office. 

~-~ifference 
Township. Year. j in decli-

1 

nation. 
---~-,~~-~ 

T.5 S.,R.16 E ...... ----- .............•.... { 
1851 

1877 
i} +81 
I 

T. 8 S., R. 23 W ............................ { 18[)1 :} 
1874 

+48 

'1'.2 S., R.li R ...... ____ .......•............ { 1851 I} + 8 
18H1 

'1'.17 N., R.21E ............................ { 1854 i} 
187[) +60 

T.18 N., R. 23 E ...................•........ { 1854 I} - 9 
1882 

I} T.19 N.,R.18E ........................ ···: { 18M 

1882 

I} 

+30 

T.19N.,R.17E ...........•................ { 1854 

1882 
+54 

T.19 N.,R.25E ............................ { 1854 i} 
1882 

+39 

T.19 N., R. 28E ............................ { 18M I} 
1882 

+25 

T.20N.,R.27E ............... _ ..•.......... { 1854 } 1883 
+40 

T.20N.,R.251<~---························· { 
185<l 

1} 1883 
+21 

T.21 N.,R.19E ............................ { 1854 I} 
1883 

-10 

T. 22 N., R. 6 E ................. ·,·· .......... { 1854 } 1889 
+83 

T.21 N.,R.15E ...•........................ { 18M } -5 
1882 

T.22 N.,R.l W ............................ { 1854 } 1883 
+15 



• 

292 MAGNETIC DECLINATION IN THE UNITED STATES. 

Data jo1• determination of secnlar variation-Continued. 

UTAH. 

SALT LAKE. 

[From Coast an<l Geodetic Survey Report, 1888.] 

1 

____ Y_e_a_r_. ___ Declination.l--~-r· ___ Declination. 

Q I Q I 

1850.... ...... ...... 15 34 1881................. 16 28 
1866.... ............ 16 30 1883 ............... , 16 14 
1869.... .. .. .. .. .. .. 16 36 1885.... .. .. .. .. .. .. 16 29 

1872................ 17 oo 1887.. ... .. .. .. .. .. . 16 s~ 1 

L-1_8_7_s_ .. _._·_·_·_·-_·_·_··_·_·_·_·1 ___ 1_6_4_6 __ ~-1-89_5_._·_··_·_·_·-_·_-_·_·_··_·_·~~ 
The following comparative results consist, for the earlier date, in the 

average of the observations taken within the county, or part of county, 
in connection with the survey of exteriors and standard lines by the 
General Land Office, and for the later date in connection with the sur­
vey of subdivision lines by the same organization: 

County. Year. 
Difference I 
in decli-
nation. 

Summit (western part) .................... { 
1871 } 

I 

1892 
+20 

Morgan ................................... { 
1870 
1889 } -3 

Be>Lver (eastern part) ...................... { 
1870 
1890 } -10 

Salt Lake ................................. { 
1871 } 1890 

-26 

Sevier ..................................... { 
1875 } 1891 

-38 

Wasatch (western part) ................... { 
1872 } -16 
1891 

Boxelder (eastern part) ............... : .... { 
. 1875 } 1888 +3 

Boxelder (western part).· .................. { 
1874 } -2fl 
1889 

Cache ..................................... { 
187<1 

I} _j 1894 



GANNETT.) SECULAR VARIATION: NEVADA. 

Data jo1· determination of secltlar variation-Continued. 

NEVADA. 

DOUGLAS COUNTY. 

[From :M. Willard, county surveyor.] 

~---Y-e_a_r_-----D-:clination. 
Year. Declinat::J 

I . L1ss5 .. ____ .. ______ __ 

I --11---------1----~ 

1895-. .. ------------ 1°6 ;~ 
0 , 

16 50 

293 

The following comparative results consist, for the earlier date, in the 
average of the observations taken within the county, or part of county, 
in connection with the survey of exteriors and standard lines by the 
General Land Office, and for the later date in connection with the survey 
of subdivision lines by the same organization: ,. 

Differcnco I 
County. Year. in decli-

nation. 

Esmeralda (northern part) ................. i{ 1868 } -18 
1890 

Eureka (southern part) .... __ .... __ .... __ --~{ 1868 } -4 
1893 

I 1867 } Hurubol<lt (southeastern part) ............. :{ +10 
1888 

I 
1868 Humb"oldt (northeastern part) ..... ____ .. __ :{ } +16 
1888 

I 1863 I} Humboldt (southwestern part) ........... __ { +13 
1890 

lr Lincoln (southeastern part) __ ... __ ........ {- 1869 00 
1882 

Lincoln (south western part) ......... ____ .. { 1870 i} 00 
1882 

I} N ye (northeastern part) . __ .... __ .. ____ .. __ { 1869 -32 
18tH 

·washoe (southern part) ..... __ ............ { 1864 } +50 
I 1887 I 
I Whit. Pi"" (•ouihw,.l<m pMi) ......... --~~ 1869 }_:j 1882 



294 MAGNETIC DECLINA'riON IN THE UNITED STATES. 

Data foJ' determination of BeculaJ' WJ'iation-Continued, 

IDAHO. 

The following comparative results consist, for the earlier date, in the 
average of the observations taken within the county, or part of county, 
in connection with the survey of exteriors and standard Jines by the 
General Land Office, and for the later date in connection with the survey 
of subdivision lines by the same organization: 

I ,;, .. ~"00 I 
County. Year. in decli-

nation. 

i-------------------- --·--

Ada ....................................... { 1867 } +3 
1893 

Bear Lake ................................. { 1873 } -17 
1884 

Banuack (eastern pa_rt) ..... : .............. { 1874 } -12 
1890 

Bannack (western part) .................... { 1874 } -4 
1894 

Boise (southeru part) .... ---- ........ __ · ____ { 1872 
1892 } +23 

Canon ...... ------ ...... ------ _____________ { 1867 } -30 
1893 

Cassia (eastern part) ................. ------ { 
1872 } -7 
1892 

Elmore ............................ ___ . ____ { 1871 
1892 } +15 

Idaho(westernpart) ............... ·"· ____ { 1869 
1893 } +2 

Latah ..... _ ............. _ .... __ ..... _ ... _. { 1871 } +66 
1892 

Lincolu ( easteru part) .......... _ .......... { 1871 } -48 
1892 

Nez Perce ........ ______ .. _ ....... ________ . { 1870 } 6 
1892 + 

Owyhee (eastern part) ............ ------ .. _I{ 1870 } -47 
1893 

Owyhee (northwestern part) ...... ___ ...... { 1870 
1894 } +17 

Washington (southern part) .... --------:· .. { 
1869 
1892 } +52 
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Data jo1' determination of Becnlar val'iation-Continned. 

WASHINGTON. 

CAPio DISAPPOD!TMENT. 

[From Coast and Geodetic Survey Report, 1888.] 

----~:_r· ____ Dec'

2

: .. :~na~t~0:6on .. 1839 ........ - - .. .. .. 19 1l 1858 .. - - .... - ...... ~ -
1842...... ...... .... 20 00 1873 .............. .. 

~851.. .... ~--"-_ -_·_· __ .. _-_· ~-2-0_3_2"--'- 1881..- ........... -----~~ 

Year. Declination. 

0 

NEAH BAY. 

[From Coast anrl Geodetic Snryey Heport, 1888.] 

I I t84l.. ____ ........ .. 
L~852 ...... ···-·· ___ _ 

0 ' ' 

22 30 1 

21 3o I 

[-o-:[ 
1855 ................ r 21 4~ I 
1881. ........... ----1 22 4~ 

OLYMPIA. 

l From Coast and Geodetic Survey Report, 1888.] 

~-" ' 

I 18~3.. .......... ----1 I 18t>6 ......... , .. ""I 

0 

21 15 
20 47 

o:t 
1881. ..... ______ .... 21 35 1 

1895 ............ ---~ a22 2~ 

a County surveyor. 

PoRT ToWNSEND. 

[l''rom Coast and Geodetic Survey Report, 1888.] 

ljr,;, ::: ' ~::: :::::::::: : : : I i: fl 
857 __ .. _ .. _ .. .. .. .. 21 54 1881. ___ .... ___ ..... , 21 2; I 

, ___ --,c____ -----_I 

SEATTL~'-

[From Coast and Geodetic Survey Report, 1888.] 

I -~- ;---""-- --"--0 ~ 

I 1855 ................ 

1 

21 25 "1881.... ...... ...... 22 o3 I 
L1s71.. .... _..... .. .. 22 35 1888...... .. .. .. .. .. 22 ~:J 

VANCOUVER. 

[From Coast and Gemletic Survey Heport, 1888.] 

I 0 
0 'l I 1839 .............. .. 

~859 ............... . 
19 22 
21 30 

186o...... .......... 20 o5 1 

1881. ........... ~~-- ~-f>~_l 

\VALLA WALLA. 

[From Coast and Geodetic Survey Report, 1888.] 

~853 ............... . ! ~860 ............... . 
L861 ............... . 

0 

19 40 
20 15 
20 30 

1~81. ..... ------ .... J 

1~~7 ................ 1 

0 ';-] 
I 

21 oo I 
21 10 

_j 
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Data fo!' determination of secular variation-Continued. 

WASHINGTON -Continued. 

The following comparative results consist, for the earlier date, in the 
average of the observations taken within the county, or part of county, 
in connection with the survey of exteriors and standard Jines by the 
General Land Office, and for the later date in connection wit,h the survey 
of subdivision lines by the same organization: 

1- County. 

Lewis ..................................... { 

Cowlitz ................................... { 

Mason, .... : .............................. { 

Pierce ..................................... { 

Thurston ................................... { 

King ...................................... { 

Snohomish ........................ ; ....... { 

Jefferson .................................. { 

Pacific ..................... _ .............. { 

Yakima ................................... { 

I 
Chehalis ....... : .......................... { 

Klickitat .................................. _. { 

Skagit .................................... { 

Clallam ................................... { 

Douglas ................................... { 

Kittitas ................................... { 

Year. 

1S54 
11;90 

185•1 
1892 
1854 
1893 
1857 
1891 
1856 
1891 
1856 
1891 
1858 
1892 

1857 
1893 
1864 

1891 
1862 
1892 

1865 
1892 
1864 
1891 
1866 

1893 
1862 
1892 
1867 
1893 
1869 
1891 

Difference 
in decli­
nation. 

+ 99 

+144 

+ 90 

+ 77 

+51 

+ 57 

+ 78 

+ 49 

+ 66 

+57 

+ 22 

+ 38 

+ 10 

+ 67 

+ 23 
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Data for determination of secular 1·arialion-Continued. 

W ASHINGTON-Contiuncd. 

The following comparative results are derived fi·orn the surveys by 
the General Land Office of the exterior lines of townships on the one 
hand, and on the other of the subdivision lines of the same townships: 

r------
1 --------· ---------~---------1 

Township. 
Difference 

lear. in decli-
nation. 

I 
' 

T. 20N., R. 2 W ........................... { 
1853 } +100 
1894 

T; 16 N., R. 3 W ........................... { 

'f. 14 N., R. iJ W ........................... { 

18iJil } +50 

I 

18fJl 

18:36 } +101 
1891 

'1'. ll'-9 N., R. 14-~0 E ....................... { 
1860 } + 50 
1893 

T. 33 N., R. 5 E ..........................•. { 1861 } + 34 
1891 

T. 14- N.-, R. 8 W ---- ................. ······,{ 

I 

1867 I} +71 
18~1 

T. lli N.,R. 4 E .......................... --i{ 1867 } + 72 
1893 

'1'. 17 N., R. 5 E ........ ------ ........ -----~:{ 
I 

18fi7 } -24 
18fl0 

'1'. 33 N., R. 5 E ...................... ------[{ 
I 

1871 } + 34 
1891 

'f. 23 N., K 7 E .......... ---- .. ------------ { 

I T. 28 N., R. 8 E· ...... ---· _· ___ ---- ·----· ---· { 

187:J 
1892 } + 

60 I 

~~_:_~~___:_} _ _+j 
OREGON. 

ALBANY, LINN COUNTY. 

{From E. T. T. Fisher, county surveyor.] 

~---Y-c_a_r __ --~-71Declination. --Y-e--ar-.-~----D-e-cl-in-at:J 

~87L ~9 ~ !SOL - _ _ :~ 
BENTON COUNTY. 

[From George Mercer, county surveyor.] 

I ---
ll&" - - -1 ;., ,; IllS% _______________ _ 0~ 20 0~ 
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Data for determination of secnlar rariation-Continued. 

OREGON-Continued. 

HILLSBORO, \V ASHING'l'ON COUNTY. 

[From L. E. Wilkes,_ county ~mrveyor.] 

~ Yo• lnocl;oocl••ji_Ye_ar. -1"":"'~"'1 
LM2 -1 ;01

; Ill&% - - I 21 'ro_ I 
MARION COUNTY. 

[From n. B. Herrick, county surveyor.] 

[ms,__ ______ -- -I 0 

20 15 11 1
8

95
······ .... ···---1 

McMINNVILT~E, YAMHILL COUNTY. 

[From E. C. Branson, county surveyor.] 

0 

19 30 

20 00 

1885 ............... . 

1895 .... -- ......... . 

ROSEBURG, DOUGLAS COUNTY. 

[From W. P. IIcydon, county surveyor.] 

111895 .........•... ·--1 
I 

1880 .............. __ i 
0 

19 03 

----

TILLAMOOK, TILLAMOOK COUl'l'l'Y. 

[From A. M. Austin 1 county surveyor.] 

0 

19 30 18fJ:~---.--- ... -- .. --1 

LANE CouNTY. 

[.l!'rorn C. M. Collier, county surveyor. 

[oo'--------------1 
0 

19 30 

CALIFORNIA. 

CAPE MENDOCINO. 

[From Coast and Geodetic Survey Report, 1888.] 

0 l 
213~ 

0 I I 
20 30 1 

203~ 

0~ 
200~ 

c I 
215~ 

f Year. Declination. Year. Declinat::J 
I 1----1---------~- __ I 

11854. ____ _ ____ ___ 1~ 05 JB86 __ ---- __ ------- ;, do I 

• 
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Data for determination of secular variation-Continued. 

CALIFORNIA-Continued. 

:MONTEREY. 

[From Coast an<l Gcmletic Snn·ey Report, 1888.] 

I ' 
1 

__ Y_ea_r_. ___ Declination.~ Year. Declination. 

0 

1818.. .•.. ....... .. . 16 30 1843................ 14 00 I 
:) 

I 
1827...... .. .. .. .. .. 15 38 1R51. .............. ' 14 58 

l
1837................ 14 30 1854............. .... 14 59 

1839...... ... .... ... 14 30 1873.. .... .. .. .. .. .. 115 55 

1841. ............... 1 15 00--1881.. ...... • .... -_-_ .. _c_\ __ 1_5_5_4__, 

SAN DIEGO. 

[From Coast ant! Geodetic Survey Report, 1888.] 

I 
1

1839 .............. .. 

1851. ............. .. 

I 1~~~---------------­
L--------------

0 

12 21 

12 29 

12 32 

13 09 

1872 .............. .. 

1881. ............. .. 

1888 .............. .. 

SAN Fi1ANCISCO. 

0 

13 19 

13 28 

13 04 

[From Coast ant! Geodetic Sun·ey Report, 1888.] 

1827 ............... . 

1829 ................ · 

1830 .............. .. 

1837 .............. .. 

1839 .............. .. 

1841 ............... . 

1849 .............. .. 

1852 ............... . 

1858 ............... . 

1866 .............. .. 

~~~~~ :~~~:~ :::~ 

0 ' 

15 27 

14 55 

14 51 

15 10 

15 20 

15 30 

15 41 

15 28 

15 53 

16 25 

16 23 

16 26 

1873 .............. .. 

1874 .............. .. 

1879 .............. .. 

1880 ............... . 

1881. ............. .. 

1883 ............... . 

1884 .............. .. 

1885 ............... . 

1886., __ .......... .. 

1887 ............... . 

1888 .............. .. 

188!l .......... ..... : 

SANTA BARBAHA. 

1~ ;51 
16 27 

16 34 

16 33 

16 30 

16 39 

16 32 

16 33 

16 33 

16 34 

~ 
[~""'rom Coast and Gco!lctie Snrn~y Hcport, 1888.] 

~839 ............... . 
1 !869 .............. .. 

I 1881.. ....... _ ... ~:~ 

( I 0 ' 

13 28 1890.,.... .... ...... 14 47 

15 12 1891...... .... ...... H •18 

14 52 _l~95 ................ 
1 

a 14 46 

a County surveyor. 
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Data for determination of secnlar variation-Continuell. 

CALU'ORNIA-Contintw<l. 

MERCED COUNTY. 

[From ,V, I>. Stoneroad, co_unty surv-eyor.] 

MoNO CouNTY. 

[From .J. G-. Thompson, couut;y ~urveyor.] 

I 

1

1856 .... 0000 ••••.••• 

1880 .••• 000 0 ... 0 .• 0 0 

·1°5 30 , 189500--0--- ••• 0 oooo 1°6 35 1 

16 10 

--~-------_j 
ORANGE COUNTY. 

[From H. G. Kellogg, county surveyor.] 

I 

1

1868ooOO oooo oOOO •••• 

1888ooOo OOoo oOOO 0000 

1°4 32 1895 00 0 _ 0 0 _ 0 _ 00 0 00 00 1°4 42 1 

14 50 

----------'-------- _j 
SAN JOSE, SANTA CLARA COUNTY. 

[From J. G. McMillan, county ~mrveyor.] 

-18_5_0_00_0_-0-oo-oo--00-0-00-0c----1°-5: I 1868 UHHH - - ;6 ~ I 

18510 0 0 0 00 0 0 0 0 0 0 0 0 0 0 15 23 1872 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 25 

18520ooO OOOo OoOO oooo 

18530o 0 0 0 00 0 0 oOO 000 0 

1854oooO OOoO OoOO oooo 

18550000 ° 000 ooOo oooo 

185600 0 0 0 0 00 0 0 0 0 0 0 0 0 

1857 .. 0 0 0 0 .. 0 0 0 0 0 0 0 0 

1858 .. 0 0 .. 0 0 0 0 0 0 0 0 0 0 

1860 .. 0. Oo.oo 0000 oooo 

1861.0 0 0 0 0 ° 0 0 0 . ; 0 0 .. 

1 ~~~= 0 0 : ::: : : : : : : : : : : L ___ o I 

1523 1874-00oooOOOooooOOOo 1625 

15 25 1875 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 35 

15 25 187GOooooO OOOooo oooo 16 30 

15 30 1880 .. 0 0 0 0 0 0 0 0 .. 0 0 0 0 16 30 

15 30 1882 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 ,30 

15 30 188<1. 0 0 0 0 0 .. 0 0 .. 0 0 0 0 16 30 

15 45 1886 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 30 

15 45 1888.ooooO Oooooo OOoo 16 30 

15 4-5 1890000 0 0 00 0 00 00 0 •• 0 1G 30 

15 4-5 1893 .• oooOOOOOOo OOoo ~~ ~~ 1 

16_o_o___..__1 __ 8_9_5_0 0-0-0 _0 0_0_0_0 o_o_o_· ._._· !____:__:_j 
YunA, SuTTER CouNTY. 

[From C. W. Guptill, county sun·eyor.] 
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1\fETHOD OJ!' OBTAINING REDUCTIONS ON ACCOUN'l' OF 
SECUT_,AR VARIATION. 

The above observations have been used in the simplest manner pos­
sible for the determination of the reduction for secular variation. 
The epoch selected for the reduction is the year 1900; and the observa­
tions are treated ·in the following manner: To' the latest observation in 
each series was first applied a correction to reduce it to this epoch. 
To make this correction it was assumed that the annual secular varia­
tion in the Northern States has been for the past fe'w years 4' per year, 
in the States in middle latitudes 3.5', and in those of the extreme Suuth 
3' per year. These assumptions are practically col'I'ect, and any slight 

' error in them would have but little effect ~m the reductions, inasmuch 
as it is multiplied by a small number of years only. 

Having thus obtained from "the latest observation of each serieR the 
declination in 1900, each observation in the series was then compared 
with it, ami the resulting reduction was tabulated under the early 
date. All the series within a State were then combined into a single 
series, am! a table was in this manner prepared for each State, or in 
certain cases for gronps of States, which shows in extenso the reduc­
tion to 1900 for each year prior to 1895, or for each year in which there 
were observations. In this manner the series at many stations were 
co.nsolidated. In order to eliminate accidental errors each State table 
was further consolidated into a smaller table, showing the reduction 
for each tenth year by simply taking the means of the observations 
for five years on each side of the decennial year. 'L'hese are presented 
in the following table, and are expressed graphically in the diagrams 
on Pl. III. It must be said that in several cases these reductions do 
not accord with one another, nor do the reductions for the same year in 
different States agree with one another in all cases, the discrepancies 
being prolmbly due to errors of obRervation. I have, however, con­
sidered it best to usc them, applying the results State by State, ratlwr 
than to make arbitrary corrections to bring them into closer agreement 
with one another. 

In obtaining these reductions I have thought it best to include in 
one group the States of western New England, viz, New Hampshire, 
Vermont, Massachusetts, Rhode Island, and Connecticut, in order to 
obtain the mean of many results; in another group the States of New 
York, New Jersey, and Pennsylvania; in another Delaware, Maryland, 

. District of Columbia, Virginia, aml West Virginia; in another the two· 
Carolinas and Georgia, and in still another Kentucky and Tennessee. 
In the case of the Southern States, which are included in the last three 
groups named, it was necessary to group several States in order to 
obtain a sufficient number of series of observations to secure results of 
any value, and since by this grouping I have extended the areas con­
sidered but slightly in longitude, I do not believe that in so doiug I 
have involved any appreciable error. 
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Rerlnctions to 1900 on account of secular 1:ariation. 

r ____ s_ra_t'_'·--··-~ ~ 1860~ ~ ~ ~ 1820. 1810~ 1800.1 
~- ~ • 0 ' 0 ' D • 0 0 ' 0 ' 0 ' 0 ' 

Maine...... . . . . . . . . 0 50 1 45 2 30 3 00 3 55 .... _ ................ . 

New IInmpshire, 

Vermont., 1\Jassa­

chusetts, H.hode 

IslaiHl, alHl Con-

necticut ......... . 

New York, New.Ter-

'sey, aiHl Pennsyl­

vania------------

45 1 25 2 05 2 55 3 40 4 40 5 20 5 50 .. - .• 

50 1 45 2 20 . 2 55 :J 20 4 15 4 50 5 05 

Delaware, Mary­

land, District of 

Colnmbia, Vir­

ginia, and \Vest I 
Virginia . . . . . .. .. 1 00 1 55 2 25 :~ oo 3 :~o 4 oo 4 10 4 20 ..... 

North Carolina, 

South Carolina, 

aml Georgia...... 1 05 1 50 

.Florida .. .. .. .. . .. . . 50 

Alabama ......... .. 50 1 40 

Mississippi ............. _ ........ . 

Louisiana ................. j ...... . 

Texas . . . . . . . . . . . . . . 1 05 1 10 

Arkansas........... 1 15 I 15 

l<entncky all(l Ten 

nessee ............ 11 25 1 40 
Ohio .. .. .. .. .. . .. .. 1 30 2 05 

Indiana............ .. .... . 2 10 

Illinois ............ . 
Miehigan __ .. _ . ____ _ 

'Visconsin ......... . 

1 20 2 00 

1 25 I 2 10 

1 20 
Iown ............... · 1 20 

Minnesota ........ .. 

Missouri .......... . 

Nebraska .......... . 

Kansas ...... _ ...... I 
Colorado (e:1stern 

part) ........... .. 

Oregon ancl Wash­

ington (western 

1 25 

1 00 

1 15 

1 15 

110 

1 15 

1 50 

1 45 

1 25 

2 20 2 45 3 1" 1. '," ',"0 4 v ) ) 3 5 4 05 . ----
2 05 2 35 3 00 ! _______ ............. . 

2 15 2 30 255 1 320 ............ .. 

2 3o I 2 3o 
1 

.............. . 

2 30 . ------~- ............. . 

~ r::::::: :: 

2 05 2 20 

2 10 2 20 

1 15 1 20 

1 25 

2 10 2 20 2 50 .......... ' ..... -1- .. .. 
.. .. .. . . .. .. . 3 20 4 10 •l 3;) 4 30 4 40 

--;·:~J--;-~;- --;·~~- : :~ ~ ~~ -~~~- -~~~-
2 35 3 oo 3 2~ 1 4 10 4 50 ___ .... _ .. 

1 
230 240 30D .................... . 

2 00 2 25 

2 Of> 2 40 

1 40 2 10 2 40 ...... 

1 55 

2 15 

1 40 

--~-~~-11::::::: .::::: 
--------------------

part) .................... + 45 +I 05 ....... +2 30 

Californin (sont~-

em part) ......... + 05 + 10 +50 +110 +125 +145 
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CKARACTERIS'l'ICS OF SECULAR VARIATION. 

This table and the diagrams develop a number of peculiar features, 
to which attention may profitably be called. In the first place, most 
of the irregularities in the curves do not appear to be persistent in 
different States, showing that they are in all probability due to defects 
of observation. The flattening- of the curve in New England and in 
other Northeastern States, when contrasted with its course in other 
Northern States, is, however, very marked, and appears to indicate 
something more than defects of observation, probably a veritable 
change in the secular variation. In Ohio, Indiana, and Illinois is seen 
the clmnge in curvature due to the approach of the zero point of the 
secular variation. This occurs in Ohio about 1810, in Indiana in 1820, 
and in Illinois about the same year, or perhaps 1830. ln Michigan, on 
the other hand, which should show a depression in the early part of the 
century synchronous with that in Indiana, the increase in the reduction 
for secular variation goes on at a uniform rate. 

Comparing the curves of the Northern with those of the Southern 
States, we see that those of the .latter States are much flatter, showing 
a much smaller average rate of ehauge, and this reduction in the rate 
of change ueeomes greatest iu Arkansas and Texas, in which States 
the r'eduetion on account of secular variation is eomparatively small. 
The States of Mississippi, J.Jouisiana, Texas, and Arkansas show also 
that the curve of secular variation is there apparently greatly flattened, 
the change of curvature commencing earlier and extending over a 
greater number of years than in the North, where all the indications 
are that it has a comparatively sharp summit. 

To illustrate further the change that this curve of secular variation 
has undergone in different parts of the country, I have combined the 
curves by groups of States, all of the Northern States, including New 
England, New York, New Jersey, Pennsylvania, Ohio, Indiana, Illinois, 
Michigan, Wisconsin, Minnesota, Iowa, Nebraska, and Kansas in one 
group, Delaware, Maryland, District of Columbia, the Virginias, the 
Carolinas, Georgia, Florida, Alabama, Kentucky, Tefmessee, and Mis­
souri in a, second group, and Mississippi, Louisiana, Arkansas, and 
Texas in a third group. 

In combining them it became necessary to take account of the fact 
that the summit of the curve, or the point at which the secular varia­
tion changes sign, crossed different States at different dates, and there­
fore it was necessary to comuine the curves of difl'erent States in such 
way as to bring the summits of the curves together. Thus the reduc­
tion for 1800 in New York, New Jersey, and Pennsylvania was com­
bined with that for 1810 in Ohio, and with that for 1820 in Indiana and 
Michigan, and with that for 1830 in Illinois. 
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In this way the following curves were obtained: 
Sunun.Lt• c:ur1·e 

l---~ --~ 
v-- -

~ -- ,_____ 

v ~ 
~ 

/ j_..--vv v 
FIG. 2.-D:agrams of secular variation by sections of the country. 

NORTHERN 
STATES. 

MIDDLE. 
STATES. 

SOUTHWESTERN 
STAT~S. 

It will be noticed that the irregularities in the curves for individual 
States llave been eliminated by their combination. The flattening of 
the curves in the more southern parts of the country is brought ont 
very dearly by a comparison of these curves. In the last of the three 
this flattening has become extreme. 

The following diagram shows in juxtaposition a portion of the decli· 
11ation curve at P::.ris, Prance, and the mean declination curve in the 

II) 
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kl 
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' PA1J IS 

FIG. :l.-Diagrams of secular· variation in northern United States and at Paris. 

northern United States, both of them eonstrneted upon the same seale. 
This diagram illustrates the rapifl flattening of the curve as the latitude 
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diminishes, Paris being in latitude 430 57', while the mid-latitude of 
this parrt of the United States is seven or eight degrees less. 

Assuming that the secular chauge is due to au east-and-west move­
ment of the supposed north magnetic pole, it would appear that the 
effect of this shifting of the pole diminishes southward, becoming, per­
haps, zero at the magnetic equator. 

THE COUNTY TABLE OF RESULTS. 

The following table presents in what is believed to be a compact and 
convenient form for use the results of this compilation and discussion. 
These results are given in the form of the mean declination of each county 
in which observations for declination have been obtained. In counties 
in which no decliuations have been obtained the declination of the year 
1900 has been estimated from adjoining counties, as is indicated in the 
table. In addition to this, the declination is given at each town or city 
within the county at which such observations have been obtained. The 
mean of the county has been made up by taking the average year and 
the average declination of the observations. In the Land Office States 
the mean of only Laud Office observations has been taken, those derived 
from other sources being, with few exceptions, omitted from this mean, 
and in ease they could be located, given separately. In the non Land 
Office States all observations taken within the county have been 
included in the mean of the county. The reason for excluding from 
the county mean all observations excepting those of the General Land 
Office, in the Laud Office States, is that the Land Office observations 
commonly differ widely in date from those derived from other sources, 
and consequently the mean year of the observations might not, and in 
many cases would not, correspond with the mean of the declinations. 

In the case of many counties in the fa,r Western States and Territories 
which are of large size, the mean deelination is given for parts of such 
counties, cutting them up into from two to half a dozen parts for this 
purpose. 

For convenience of reference, the States are arranged alphabetically, 
and the counties arranged alphabetically within the States. .All the 
towns and cities for which declinations are given will be found under 
t!Jeir respective counties, and in the few cases in which the city is not 
a part of any county it will be found in its alphabetic place among the 
counties. 

The first column in the table gives the names of the counties, the 
second column the names of cities and towns included therein. The 
third column gives the year of observation, and in the case where the 
mean of several observations is presented the mean of the years of 
observation. The fourth column gives the observed declination or the 
means of the observed declinations. The fifth column gives the decli­
nation reduced to the epoch 1900, such reduction l1aving been effected 
in accordance with the little table contained in the descriptive matter 

17 GEOL, PT I--20 
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at the head of each State. 'l'he last eolumn contains the authority, 
reference, and number of observatious from which the mean result was 
obtained and other explanatory remarks. " 

The results for 1900 are given only to the nearest five minutes, and 
should be depended upon only to a quarter of a degree, since the 
numerous sources of error above enumerated may easily produce 
probable errors of that magnitude. 

'rHE DECLINATION MAP. 

The map of the United States accompanying this paper, showing the 
distribution of the lines of equal magnetic declination, was prepared by 
platting upon a large map of the United States, showmg county lines 
a11d many other details, the mean results for declination in 1900 in all 
cases in which it had been obtained. In addition to these figures, the 
declinations at many towns were platted, especially in the Northeastern 
States and in the large counties of the West. Having platted these 
results, the lines were sketched freely upon the map, as nearly as pos­
sible in conformity to the figures. It goes without saying that in 
numerous cases, owing to the abundance and the conflicting natnre of 
the data, all the data could not be satisfied by any possible adjustment 
of the lines, bnt it is believed that the best adjustment has been reached 
which could be obtained by this graphic method. The regions in which 
the data are the most conflicting are those in which, presumably, local 
attraction is great, as in northern Michigan and Wiseonsin, and in the 
Southeastern States, where the data are both scanty and poor in quality. 

ALABAMA . 

. Observations for magnetic declination in Alabama are derived in 
the main from the subdivision surveys of the General Land Office; a 
few come from county surveyors' returns and from the United States 
Coast and Geodetic Survey. The observations by the General Land 
Office bear dates ranging from 1832 to 1853. They appear to be of fair 
quality, although it is probable that considerable areas have been sub­
divided upon the Rame magnetic declination. 

These observations have been reduced to the epoch 1900 by the 
application of corrections deduced from series of observations in this 
State, which are set forth in the following table: 

Reduction. I Year. I lledu('tion 

------- -- ---1 

1890 _____ . ____ . _ _ _ _ ~ 2~ 11850 _______ . _______ -I ; 3~ 1 
1880 ____ . __________ .

1 

o 50 1840 ______ .. _____ . _ . 2 55 

1870...... ...... .... ~ 41.~ 1830 .... ······_·--_------3 20 J 
1860.. .... ... . ... . . . - u 

-------~~----~~---

Year. 

The declination is east, and the above reductions are to be subtracted. 
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I-
I Year 

of o!J­
serva-

Observed I' 

declina-I Conuty. 

I 
Town, city, etc. 

tion. tion. I 
------~----- --- -~-~I 

Autauga ... ____ .. ___ .. _. _.. .. . .. . 1842 6 30 
Baldwin ....... ______ ............ 1841 6 35 

Fort Morgan . . .. 1847 7 04 
Barbour_ .... _. _____ .... _ .. __ . __ .. 1832 6 30 

Eufanlu- .. _.. . . . . 1860 5 12 
Bibb ........... lllocton ......... 1895 3 30 
Blount ....... . 
Bullock ______ _ 

Butler ..... __ _ 

Calhoun .. __ ... 

Chambers·----· 
Cherokee .. __ .. . 

Chilton---- .. . 
Choctaw ..... __ 

1839 
1832 

__________________ ! ____ _ 

Jacksonville ____ I 
I ----------· ------1 

Indian Mountain. 

18\lfi 
1833 

187fi 
1842 

6 30 

2 45 
6 22 

4 10 
6 30 

~~:~.k_e_ ~::: :::: _ . ::::. :::::: :::::: . ~~~; -~ 5 25 

Cleburne .... _ . .. _ ... ___ ....... --1-- .... : .... _ .... 
Coffee. _ - . - .. --- . - , --- .. - . -. ------ 1· ·---

Colbert . . . . . . . . Tuscumbia .... _, 1896 4 43 
Conecuh ..... . 

Coosa ........ . 

Covington ___ _ 

Cren~haw . .- .. . 

I 
Cullman ..... . 

Dale ....... __ _ 

Dallas ....... _. 

Dekalb ....... . 

Elmore ....... . 

Escambia __ .. . 

Etowah __ .... . 

Fayette .. __ ... 

Franklin.: ... . 

Geneva __ .... . 

Greene ....... . 
Hale . __ .. ____ . 

Evergreen ..... . 

1839 
1875 
1832 

5 45 
5 32 

6 30 

Gooll water . .. .. . 1895 2 :30 

::::: :::::: ::::: :1. ~ ~~~. 
................. U\44 

Cahaba ......... 1860 
Selma . .. .. .. .. . . 1895 

. - - -- ..... -- . - . -- - 1839 
1838 
1839 
183!) 

1838 

1842 

5 40 

6 47 
6 10 
4 00 
5 40 
6 30 
5 40 
5 40 

7 06 
6 30 

Greensboro ...... 1895 4 40 
Henry .. _ ...... 'I' ............... .. 

---~emark~ l 
----

0 

3 40 Mean of 8 stations. 

3 40 Do. 

4 25 C.&G. S. 

3 15 Mean of 8 stations. 

3 00 C.&G. S. 

3 15 County surveyor. 

2 40 Mean of 3 stations. 

3 15 Mean of 6 stations. 

3 45 Estimated. 

2 30 County snrveyo~ 

310 Mean of 18 stations. 

2 55 C. &G. S. 
3 40 Mean of 3 stations. 

5 00 Estimated. 

4 00 Do. 

2 10 Mean of 18 stations. 

2 30 Estimated. 

3 20 Do. 

4 30 County surveyor. 

2 45 Mean of 10 stations. 

4 15 N. A. S. 

3 15 Mean of 17 stations. 

2 15 County surveyor. 

3 30 Estimated. 

3 30 Do. 

2 40 1 station. 

3 15 Estimated. 

4 00 Mean of lS stations. 

3 55 C.& G.S. 

3 45 County surveyor. 

2 40 Mean of 3 stations. 

3 30 Mean of 8 stations. 

2 40 Do. 

2 40 1 station. 

4 00 Estimated. 

4 15 Do. 

3 15 Do. 

4 05 Mean of 5 stations. 

3 40 Mean of 8 stations. 

4 25 County surveyor. 

3 00 Estimated. 

----------------------------
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County. Town, city, etc. 

Jackson ..... _ .. ------------------
Jefferson .. __ ... Birmingham. ___ . 

Lamar ......... .. ---- ... ---- ....... ---
Lauderdale. __ .. Florence .... _ ... 

Lawrence-----· Moulton ......... 

Lee ............ -- .. -.. - ~ -- --------
Opelika.---- __ .. 

Limestone._. __ . ·----- .............. 
Lowndes .... __ . -·---- ·-----·-----
MjlCOn ·---- ---- ·----· ------------

Tuskegee ------· 
Madison---·--· Madison --------
Marengo------· ------------------

Shiloh --·--·----
Marion ......... ------------------
Marshall .... _ .. ________ ,. ___ ·-----
Mobile ......... ------ -----· ·-----

Mobile .......... 

Monroe ·------- ------------------
Mont:.romery ... -----· ··---------· 

Montgomery ----
Morgan ..... ___ ·----------- ·-----

Decatur ......... 

Perry .......... ------ ··-·-·------
Marion ...... ---· 

Pickens ........ ------------------
Pike ....... ---- Troy._. __ . ___ ... 

Randolph .. ___ . -----------------· 
WeRt ............ 

Russell ---. ---· ---- ----------··---
St. Clair ... __ .. ------------------
Shelby .... ·-_ .. ·----------- ------
Sumter ..... ___ . ·-----------------

Coato1m .. __ ..... 
Talladega . ____ . ·----- ------ ....... 
Tallapoosa . ____ ------ ·-----------
'l'usmt! oosa . __ . _ Tuscaloosa _____ . 

Walker -------- I -----------------· 
Washington .... -----· ------------
Wilcox ......... ------------------
Winston ------- ------ ···---------

L--

Year Observed 
of ob- declina-
s~~~~- tion. 

" ---------
1875 4 26 

-----· ---------
1881 4 28 

1895 2 30 

1832 6 30 

1875 4 30 

------ ---------
1846 6 ~0 

1832 6 30 

1888 3 55 

1875 5 12 

1842 6 30 

1895 4 15 

-----· ---------
1839 5 40 

1846 7 00 

1895 4 45 

1839 5 36 

1843 6 30 

1856 5 18 

1853 5 17 

1881 5 10 

1845 6 50 

1895 4 15 

1832 8 00 

1895 4 06 

1834 5 28 

1805 2 30 

1832 6 30 

---------
---------

1832 7 50 

1873 5 50 

1832 5 26 

1832 6 30 

1895 5 00 

........ ---------
------ ---------
1846 6 36 

------ ---------

Declina­
tion in 

1900. 

0 ' 
2 45 

3 10 

4. 30 

3 40 

2 15 

3 15 

3 15 

3 30 

3 50 

3 15 

3 25 

3 55 

3 40 

4 00 

4 15 

2 40 

4 20 

4 30 

2 35 

3 45 

2 55 

2 50 

4 25 

4 10 

4 00 

4 45 

3 50 

2 20 

2 15 

3 15 

2 45 

3 15 

4 35 

4 25 

2 10 

3 15 

4 45 

3 30 

4 30 

3 55 

3 30 

Remarks. 

Estimated. 

N.A.S. 

Estimated. 

C.&G.S. 

County surveyor. 

Mean of 16 stations. 

N.A.S. 

Estimated. 

Mean of 4 stations. 

Mean of 8 stations. 

C. &G. S. 

N. A. S. 

Mean of 2 stations. 

County snn•eyor. 

Estimated. 

Mean of 10 stations. 

Mean of 6 stations. 

I 
County surveyor. 

Mean of 7 stations. 

Mean of20 stations. 

c. &G. S. 

Mean of 3 stations. 

c. & G. S. 

Mean of 2 statious. 

County surveyor. 

1 station. 

County surveyor. 

Mean of23 stations. 

County surveyor. 

Mean of24 stations. 

Estimated. 

Do. 

Mean of 8 stations. 

County surveyor. 

Mean of 6 stations. 

Mean of 20 stations. 

County surveyor. 

Estimated. 

Do. 

Mean of 9 stations. J 
Estimated. 
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ARIZONA. 

Observations are derived almost entirely from the surveys of stand­
ard lines and township exteriors by the General Land Office, together 
with a few returns from county surveyors. They appear to be every­
where of excellent quality. 

The line of no secular variation crossed Arizona about 1870, and 
these observations have been corrected in accordance therewith, using 
the following table: 

~- - - ''" ___ Reduction. ~--=-Year. =~cdrrctio~ 

1 1890. . . . . . . . . . . . . . . . ~ ;o 1860. . . • . . . . . . . . . . . . ~ ;o I 

l1880 ............ ____ 0 50 1850 .... ________ .... 0 30 -

1 

1870 ..... - .. -- . . . . . . 1 00 
. 1 • 

-------- ' -----------

The declination is east, and the above corrections are to be subtract.ed. 

I eo .. , ---~-T-own, city, etc. 
Year Observed Declina~ R~~k=l of ob- tleclina- tion in serva- tiou. 1900. tion. 

1-- --- ------

0 , 0 , 
Apache North ........... ------ --------- 13 30 Estimated. 

Middle .......... 1882 14 12 13 20 Mean of 94 stations. 

South ........... 1882 13 45 12 55 Mean of 58 stations. 

Cochise ........ Northeastern .... 1884 12 51 12 10 Mean of17 stations. 

Southeastern .... 1884 12 38 12 00 Mean of 15 stations. 

Northwestern ... 1880 12 58 12 10 Meanof17 stations. 

Southwestern ... 1885 12 20 11 4.0 Mean of 27 stations. 
Coconino .... _ .. Southern ........ 1883 14 4.0 14 00 Mean of 58 stations. 

Northeastern .... ------ _______ .. _ 14 15 Estimated. 

Northwestern ... ------ -------·- 14 45 Do. 

Gila ............ Eastern ......... ------ --------· 12 45 Do.' 
·western ... _ .... 1881 14 15 13 25 Mean of 9 stations. 

Globe ........... 1895 13 30 13 15 County surveyor. 

Graham .•...... Northeastern .... 1887 12 30 11 50 Mean of 2 stations. 

Southeastern .... 1883 12 30 11 50 Mean of 5 stations. 

North western ... 1875 14 10 13 15 Mean of 2 stations. 

Southwestern ... ·1880 13 24 12 35 Meanof18 stations., 

Duncan ......... 18!J5 12 10 12 00 County stirveyor. 

Clifton .......... 1895 12 17 12 05 Do. 

Solomon ville .... 1895 12 25 12 15 Do. 

Safford .......... 1895 12 30 12 20 Do. 

L_ Camp Grant ..... 1895 12 25 12 15 Do. 

Camp Thomas ... 1895 12 32 12 20 Do. 
I I 
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I coo •• , Town, city, ete. 

Year 
ofob­
Rerva~ 

tion. 1--------
Observed 
declina­

tion. 

0 ' 

Maricopa....... Ea~tcrn . . . . . . . . . 1876 13 40 

NorthweRteru ..............•... 

I Southwestern ... 1882 13 29 ' 

Mohave . . . . . . . . Northern ...................... . 

Middle.. . . . . . . . . 1876 15 00 

Southern ...................... . 

Navajo ......... Northern __ ........... . 

Middle.. . . . . . . . . 1882 

Southern.. . . . . . . 1883 

Pima .......... ·I Northeastern .... 1870 

' Southeastern.... 1880 

Central . . . . . . . . . 1886 

Pinal . . . . . . . . . . Eastern . . . . . . . . . 1880 

·western ........ 1877 

Yavapai.... . . . . Eastern . . . . . . . . . 1876 

Northwestern . . . 1880 

Southwestern . . . 1874 

Yuma.......... Lower Gila Val- 1881 

ley. L_ 
--'------------- ---

Colorado Valley. 1875 

Yuma ........... 1893 

13 53 

13 58 
13 17 I 

13 39 

12 49 

14 12 

1:{ 32 

14 16 

14 09 

14 05 

14 36 

13 361 
1s 45 I 

ARKANSAS. 

Declina~ 
tiou in 

1900 

0 ' 
12 45 

13 15 

12 40 

15 00 

i4 05 

13 45 

14 00 

13 00 

13 10 

12 15 

12 50 

12 10 

13 20 

12 40 

13 20 

13 20 

13 10 

13 45 

12 40 

13 25 

Hemarks. 

Mean of 40statious. 

Estimated. 

Mean of31 stations. 

Estimated. 

Mean of 6 stations. 

Estimated. 

Do. 

Mean of78 stations. 

Mean of 13 stations. 

Mean of16 stations. 

Mean of38 stations. 

~lean of26stations. 

Mean of19 stations. 

Mean of 42 stations 

Mean of21 stations. 

Mean of28 stations. 

Meanof17stations. 

Mean of27 stations. 

Meanofllstations. 

County surveyor._\ 

Observations for magnetic declination in Arkansas are derived from 
the subdivisional surveys of the General Land Office, the surveys of 
the northern and western boundaries of the State, and a few observa­
tions by the United States Coast and Geodetic Survey, Engineer Corps, 
National Academy of Sciences, and by county surveyors. 

The observations for declination by the General Land Office, which 
form the great body of those collected, were made between the years 
1816 and 1855, the earlier ones being, as a rule, in. the eastern part 
of the State, and the later ones in the western part. The earlier of 
these results are manifestly considerably in error. The fifth principal 
meridian, the firtU line run, which passes north from the mouth of the 
Arkansas River in the eastern portion of the State, was run in the year 
18Hl on a variation of S0 • 'rhis declination was apparently correct 
at that time and place, but this declination of S0 was used almost exclu­
sively for the next fifteen years in various portions of the State. I 
have therefore thrown out all observations taken prior to 1S40. Thi~ 
]eaves, however, an abundance of data, presumably of better quality. 

The returns from the county surveyors, with two or three exceptions, 
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are evide11tly baserl, not upon observations on Polarh-;, btn upon a rerun­
ning of early land lines, since with few exceptions they give declina­
tions which are too small. 'fhey agree, however, wit.h the results of 
the Land Office surveys when corrected for secular variation. 

Apparently the line of no secular change crossed Arkansas between 
the years 1830 and 1840, and the rcductious for secular variation to 1900, 
derived from series observed in the State, are as follows: 

I - Year.~~ Reuuetio~; _~~Year. ~{eduction. I 
I 
\ Q I Q I 

I 
1890 ...... ---- . ··-- 0 40 1860 ...... -----· .... l :zo 
1880" -- .. " - - -- . - - - 1 15 1850" " . - - - - - " - -- . 1 25 

~~~~~ ~ -~~ 1 15 _1_1840-- .. "--" -- -_-_-· __ ~_:j 

The declination is east, and the above corrections are to be subtracted. 

~--------------Y-c-nr-~)bsen-ed 

1

- --C-o-un-ty.-- Town, city 1 etc. of ob. dcelina.-
-· _ _ _ "~1~';;: tion. 

I 
I 0 I 

1849 . 7 :Z·l 

1842 I 8 13 

1847 8 10 

1845 8 53 

Arkansas ... ___ ........ -- ...... --. 

Ashley_ ........ '~---·.--.--- .... ---
Baxter ... _: . . . . . . - .......•.. - ... . 

Do .. -. __ ...... ----- . ---- ... ---. 
Benton ....................•...... 1877 ' 9 33 

Boone ............. - ............ .. 1846 i 7 56 

Bradley ........................ .. 1842 8 30 

Calhoun ... _. _ ............ _ ........ _ .. _ .... _ . _ .. 

Carroll. ________ -----· ............ 1845 

7

8 0

00

0 I 
Chicot. ---- .... -----· ------ ----·· 1845 . I 
Clark ............................ , 1850 

Clay _ .. __ .. _ .... -...•. - .. - .• - . - .. : 1846 

Cleburne .. ____ .............. ·..... 1843 

I 
CleYelnnd ............. -.- .... __ .. 1844 

Columbia ...... --··---·---------- 1857 
Conway .......................... 1870 

I 
Craigheall. _. __ .. -............ __ .. ,184!) 

Crawford _. ___ .. -.... . . . . . . ---- -~1877 

Crittenden ___ ... -.- .... - ......... I 1845 

Scanlons Landing 1878 

Cross .. _ . _ . . . . . . . __ ........ - . . . . . 1846 

7 40 

7 25 

7 35 

8 12 

7 37 

8 15 

7 00 
!) 15 

7 40 

657 

7 30 

7 20 

7 30 

Declina­
tion in 
191:0. 

Hemark_s_. --~ 
---------

0 I 

6 00· Meanof12statious. 

fi 50 Mean of 21 stations. 

6 45 1 station. 

7 30 Boumlary snney. 

8 20 Do. 

6 30 I Mean of 12 stations. 

7 10 l station. 

6 30 Estimated. 

6 35 Mean of 15 stations. 

5 35 Mean of 2 stations. 

6 15 Mean of 8 stations. 

6 00 Mean of 13 stations. 

6 10 wleau of 12 stations, 

6 50 Mean of 3 stations. 

6 20 Mean of 2 stations. 

7 00 Mean of 3 stations 

by C. & G. S. 

5 35 Mean of 13 stations. 

8 00 Boundary surve;)'. 

6 05 Mean of 2 stations. 

5 40 U.S. Engiu'r Corps. 

6 15 Mean of 8 stations. 

5 55 l station. 

6 15 C. &G. S. 

I 

I Dolh•_· ---· .... ____ . ___ . __ .... _ .. 1853 
, Isaac Creek . __ :. 1870 

---~------~-----~-



312 MAGNETIC DECLINATION IN THE UNITED STATES. 

County. Town, city, etc. 

--- --- ---·----

Year 
ofob­
serva­
tion. 

Desha. _______ . _ . __ .. _ __ __ __ __ __ __ 1843 

Drew . __ __ _ __ __ . _____ . ____ . __ __ __ 1844 

~ Monticello . __ __ _ 1895 
Faulkner. ______ 

1 

________ .•• __ • ____ I 184 7 

Frankliu . _____ .. ___________ .. __ __ 1845 

Ft;~:O_I~ : : : : : : : : : ; : : : : : : : : : : :: : : ::: : ~~~: 
Garland. _______ ' ____ . _______ . ____ . 1845 

I Hot Springs.____ 18H5 
Grant ______________ . _______ . __ __ _ 1848 

Greene ... ____ _ 

Hempstead. __ _ 

Hot Spring. ___ _ 
Howard ______ __ 

Indepemlence .. 
Izard _______ . __ 

Jackson __ .. __ __ 
Jefferson ________________________ . 

Johnson ___ . ____ !. ____ . ______ . ____ _ 
LtLfayettc . ____ -~-- ______ -- -- ____ .. 
Lawrence . _________________ . ____ . 

I Lee __ __ __ __ __ _ I ________________ __ 

1855 
1838 

1850 

1843 

1853 

1852 

1840 

1850 

1844 

1842 

1848 

1855 
Do _ . -- __ _ __ __ __ -- ________ . __ __ _ 1879 

J .. incoln .... __ : _ __ __ __ __ __ __ __ __ __ 184 0 

Little Rh•er __ __ 1837 
Logan .. ____ __ _ __ __________ . ____ . 1841 

Louoke -·-- __ _ 
Madison _. ____ . 

Roseville._______ 1870 

t854 

1841 
Marion________ __ _________ . ____ . 1840 

Ruffalo ____ -- __ .. 1878 
Miller____ __ __ __ __ __ __ __ __ __ __ __ __ 1842 

Mississippi _ . _________ . _____ . ____ . 1844 
I Monroe . ___________________ . ____ . 1845 

Montg(\mery ___________________ .. 1845 

Nevada __ __ __ __ Prescott .. __ __ __ _ 1895 
Newton _____________ . __ __ __ __ __ __ 1844 

Onach ita .. _____ . ____ .. __ __ __ __ _ __ 1853 

Camden _____ ---· 1895 
Perry __________ . ____ . _______ .. _ _ _ 1843 

PbillipR _______ .
1

. _____ . __________ . 1844 

Observed 

1

1 Declina- I 
lleolina- ~-,ion in 

tion. 1900. 

0 0 ' 

7 05 

7 50 

6 571 
7 48 
8 oo I 

7 38 

8 17 

8 20 

7 26 

7 40 

7 25 

8 00 

7 30 

8 15 

7 20 

710 

7 25 

8 40 

7 40 

7 10 

7 15 
7 30 

6 25 

8 40 

810 

8 25 

8 50 

7 10 

7 50 

7 43 

8 00 

7 47 

7 48 

7 18 
8 00 

5 30 

7 36 

7 00 

5 15 
8 00 

8 05 

5 40 

6 30 

6 40 

6 25 

6 35 

6 15 

6 55 
6 55 

7 05 

6 15 
6 00 

6 40 

6 10 

6 55 

6 00 

5 45 

6 05 

7 15 
6 20 

5 50 

5 55 

6 05 

5 10 

7 20 

6 50 

7 05 

7 35 

5 50 

6 30 

6 25 

6 45 

6 25 

6 30 

6 00 

6 40 

5 10 

6 15 

5 40 

5 00 

6 40 

6 45 

Remarks. 

----~1 
I 

Mean of 4 stations. 

Do. 

County surveyor. 

Mean of() stations. 

Do. 

Do. 

Boundary survey. 

Mean of 10 stations. 

County surveyor. 

Mean of G stations. 

Mean of 11 stations. 

Mean of 5 stations. 

Mean of 9 stations. 

1 station. 

Mean of 13 stations. 

Mean of 4 stations. 

Mean of 12 stations. 

Mean of 4 stations. 

Mean of 9 stations. 

Mean of 4 stations. 

Mean of 12 stations. 

Mean of 2 stations. 

U. S. Engin'r CorpH. 

Mean of 7 stations. 

Mean of 3 stations. 

Mean of 8 stations. 

c. & ~}. s. 
Mean of 16 stations. 

Mean of 27 s-tations. 

Mean of23 stations. 

U.S. Engin'r Corps. 

1\fean of 18 stations. 

Meanof32stations. 

Mean of 9 stations. 

Mean of 20 statio us. 

County surveyor. 

Mean of27 stations. 

Mean of 2 stations. 

County surveyor. I 
Meau of8 stations. 

Mean of 5 stations. ] 
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Town, city, ete. I 
Year Observed 
~:r~-~: de?lina· 

I tion. tJOn. 

Declin!\· 
tion iu 

1900. 

313 

Remarks. 

----1·------- 1
------ ------------1 

0 I 0 ' 
Pike ........ · ... . . .. --- .. -.--------. 1842 7 56 6 35 Mean of llstations. 

Poinsett ........ -----· ------------ 1848 7 35 6 15 Mean of 18 stations. 
Polk .. ~. _ .. __ .. ---- . ---- ~ --- ----- 1844 I 8 17 700 Mean of 25 stations. 

Do ........... ::::::::::::::::::I 1877 8 35 7 20 Bonnuary survey. 

Pope ........... 1843 7 40 6 20 Mean of 8 stations. 

Do ........... ------------------ 1870 8 25 7 10 C. &G.B. 

I Prairie ......... ------------------ 1847 7 35 6 10 Mean of 20 stations. 

Pulaski ---·-·-- -------------·---- 1853 7 45 6 20 Mean of 12 stations. 

Little Rock ..... 1875 8 11 6 55 N. A. S. 
Williams La!l(ling 1870 7 15 6 00 C. &G. S. 

Ranuolph ...... 

1 

.................. 1852 7 20 6 00 Mean of 5 stations. 

I 
St. Francis ....................... 1849 7 22 6 00 Do. 

Saline .......... . ----- -----------. 1845 7 55 6 35 Mean of 6 stations. 

Scott ........... ·----------------- 1844 7 57 6 35 Mean of 25 st:ttions. I 
Do ........... ------------------ 1877 8 42 7 35 Boundary survey. 

Searcy ......... ------·----------- 1844 7 35 6 10 Mean of 12 stations. 

Sebastim~ ...... -----------------· 1877 8 52 7 40 Boundary survey. 

Fort Smith._-----[ 1878 8 50 7 35 U.S. Engin'r Corps. 

Evans Landmg .. 1870 9 00 7 45 C.&G.S. 

Sevier .......... -----------------· 1856 9 05 7 45 Mean of 4 stations. 

Do ........... ------------------ 1877 8 25 7 10 Boundary sun·ey. 

Sharp .......... ---------------··· .1853 7 30 6 05 Mean of 6 stations. 

Stone .......... -------------·---- 1844 7 30 6 10 Mean of 2 stations. 

Union .......... ------------------ 1854 7 45 6 20 Mean of 4 stations. 

Van Buren ..... ------------------ 1843 7 35 6 15 Mean of 14 stations. 

vVashington .... I ------ ··-------·-- 1877 9 10 7 55 Boundary ~;urvey. 

White .......... ------------------ 1~51 7 10 5 45 Mean of16stations. 

WoodrufL ...... ------------------ 1843 7 40 6 20 Mean of 11 stations. 

Snapp ........... 18!15 5 54 5 40 County surveyor. I Yell ............ -----------------· 1839 8 06 6 45 Meanof20stationj 
Danville ........ 18!15 6 10 5 55 County surveyor. 

CALIFORNIA. 

The data for magnetic declination in California are derived in the main 
from the General Land Office, with a number of stations from the United 
States Coast and Geodetic Survey, and several returns from county 
surveyors. In addition to these there are reports from a few stations 
by the United State~:> Geographical Surveys West of the One Hundredth 
Meridian, which are designated by the name "Wheeler" in the county 
table. The Land Office observations, which range from 1860 down to 
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near the present date, are derived from the surveys of standard lines 
and township exteriors, and appear to be of excellent quality. 

While there is a large body of data for the determination of the rate 
of secular change, its complexity renders its determination a somewhat 
difficult matter, since the zero of secular variation appears to have 
crossed the lower Oolora1lo Hiver about 1880, to have passed the one 
hundred and twentieth meridian in 1890, and to be off the Northwest 
coast in 1900. The observations have been corrected in accordance 
with this hypothesis, using the following table. 

The column headed "l\fiddle part" applies to the Sacramento and 
San Joaquin valleys and the coast from San Francisco Bay southward, 

. across which area the zero of secular variation probably passed about 
1890. It was derived from series obst=~rved in this area. The other col­
umns are derived from this, the first on the assumption of the passage 
of the zero of secular .variation about 1880, the last in HlOO. 

---- - --=---;:l~ctio~~=-~ 

Southeast- !Middle part. I \Vestern 

1 

ern part. ) part. 

----.----- ---1 

1890 .... ··-- ---··-. --·· ---- -----'- -~ ~5 II ~ ~0 +~ ~5 
1880 .. - ....... --- ---- . -.. . . . . . .. . 0 00 +O 05 0 10 

Hl70 .. ----···------------------·· +O 05 0 10 II 0 50 

1

1860 .... ---- ·----- ----. ·----- --·- 0 10 0 50 1 10 
1850 ___ ... _____ ... _________ • _ _ _ _ _ o 5o 1 10 1 1 25 

1

--------

Yea.r. 

I ~~~~.----- -.-.-- -.-- . ----- .. ---.. 1 10 1 25 I 1 45 I 
L=··----------------~-----~5--~4~-L=-~J 

The declination is east. Such of the above corrections as have the 
minus sign are to be subtracted; those having the plus sign, added. 

County. Town, city, etc. 

Alameda ................. - .. - .. -. 1864 

Alpine ....... _.:..... . . . . . . . . . . • . . t877 

Amauor ...... ·; .................. 1873 

Butte __ ....... _ . . .. .. . . . . • . . .. .. . 1868 

Calaveras ..... _ ........ -... . .. . .. 1872 

R.ailroad Flat. . .. 1884 

Colu~a _... . . .. . . . .. . . .. .. .. . . . . . . 1884 

Contra Costa ... ------------------ 1869 
Monte Diablo . . . 1884 

I Del Norte ..... l ............... --~-- ... . 

---~---

0 

17 07 

16 45 

16 15 

17 00 

16 20 

Declina­
tion in 
1900. 

--·-

Q ' 
17 45 

16 50 

16 20 

17 25 

16 35 

Remarks. 

--- ----~---

Menu of 3 stations. 

1 station. 

Mean of 3 stations. 

Mean of 8 stations. 

Mean of 5 station~;. 

16 36 16 35 Connty surveyor. 

I 

16 43 16 45 Mean of 3 stations.! 

16 40 17 00 Mean of i stations. 

16 43 16 40 C: & G. S. J 
____ -1~0--' Estimated~_ 
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'l'own1 city, etc. 

Eldorado ...... . 

Lake Talwe .... . 
Fresno _______ - _ Eastern ........ . 

Year 
ofob­
sorvu­
tion. 

1870 

1879 

1878 

J Western ...... __ . 1868 

Glenn ..•....... Orland .......... 1892, 

Willows ......... 1894 ! 
Humboldt ...... -------·······-··· 1861 i 

Inyo ......... . 

Eureka ..... · .... 1871 

Humboldt ....... 1854 

Northern _ . . . . . . . 1880 

Southern...... . . 1877 

Desert Springs.. . 1871 

Indian Wells . . . . 1875 

Saratoga Springs 1875 

Panamint Valley 1875 

Wild Rose Spring 1875 

Passmore.. . . . . . . 1875 

Furnace Creek . . 1875 

Cerro Gordo .... _ 1875 

Lone Pine .. _.... 1875 

ln<lependence . . . 1871 

Kern . .. . . . . . . . . Eastern .... _... . 1880 

Western.--·· ••.. 

Kings ....•..... Hanford ....... . 

1882 

1887 

1880 

1869 

Lake ............................ . 

Lassen ........ . 

Susanville....... 1877 

Los Angeles . . . . . __ ..... _ . . . . . . • . . 1883 

Los Angeles . . . . . 1893 

San Pedro ....... 1881 

Madera .. .-.... . 

Marin ......... . ·-·--- ··--·· ----·· 1863 
-Mount Tarnal pais 1880 

Mariposa....... . . . . . . . . . . . . . . . . . . 1875 

Mendocino ..... Northern ........ 1892 

Southern.. . . . . . . 1874 

Ukiah ........ __ . '1894 

Point Arena ..... 1889 

Merced ......... Merced ......... . 18!l5 

1872 
1877 

ObserveJ 
declina­

tion. 

Declina­
tion in 
1900. 

Hemarks. 

0 I C I 

16 18 

10 ·18 

H-; 34 

16 12 

17 40 

17 40 

17 23 

18 43 

17 05 

16 09 

15 15 

15 30 

15 13 

15 0:> 

15 10 

15 20 

14 54 

15 42 

15 19 

15 20 

15 34 

15 02 

15 40 

15 30 

17 15 
17 24 

18 21 

14 40 

14 25 

14 27 

15 52 

16 00 

15 40 

18 03 

17 06 

17 20 

17 13 

15 47 

17 22 

17 53 

16 30 

16 50 

15 40 

16 30 

17.4.0 

17 4.0 

18 30 

1H 30 

18 25 

16 15 

15 35 

15 4.0 

15 25 

Mean of 8 st.ations. 

C.&G.S. 

Mean of 4 stations. 

Mean of 2 stations. 

Connt~T surveyor. 

Do. 

Mean of 5 station~. 

C. &G S. 

Do. 

Mean of 5 stations. 

Mean of 14 stations. 

\Vhe<>ler. 

Do. 

15 15 Do. 

15 20 Do. 

15 30 Do. 

15 05 Do. 

15 50 Do. 

15 30 Do. 

15 30 Do. 

16 55 Do. 

15 10 Mean of 9 stations. 

15 •15 
15 30 

17 20 

17 45 

Mean of 5 stations. , 

County surveyor. I 
Meai1 of 2 stations. 

Mean of16 stations. 

18 25 C. & G. S. 

14 4-0 Mean of 4 stations. 

14 25 County surveyor. 

14 25 C. &. G. S. 

16 00 

16 30 

16 05 

Estimated. 

Mean of 3 stations. 

C.&. G. S. 

15 45 Meal_l of 2 stations. 

18 10 Do. 

17 35 Mean of 8 stations. 

17 30 County surveyor. 

17 20 C. &. G. S. 

15 45 

17 35 

18 00 

Connty surveyor. 

Mean of 11 stations. 

Wheeler. 
i Modoc ......... -~-l~-~~~;·-~;~~-

L___ _______ w_e_l __ l. ____________________________ ---1 

·. 
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County. Town, city, etc. 

Year 
of'ob­
serva· 
tion. 

Observed 
declina­

tion. 

Deelina 
tion in 
1900. 

-------- -------1----- --- ----------

Mono ............................ 1885 

Briclgeport...... 1895 

Monterey ....... ---- ... -........... 1882 

Monterey ...... _ 1881 

Napa .......... - .................. 1879 

St. Helena ...... . 

Monticello ..... . 

Nevada ....... . 

1895 

1880 

1868 

Orange ........................... 1880 

Placer. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1871 

Blue Canyon .... 11l81 

Cisco. . . . . . . . . . . . 1877 

Lake Tahoe..... 1876 

Plumas.... . . . . . . . . . . . . . . . . . . . . . . . 1868 

Riverside ...... Riverside ..... . 1896 

Sacramento ____ .................. 1880 

Sacramento ..... 1889 

San Benito ... _ _ Hollister .. _..... 1893 

San Bernardino. Northeastern.... 1865 

Southeastern .... 1882 

Northwestern ... 1859 

Southwestern ... 1865 

San Diego...... Eastern .... :. .. . 1876 

Western ......... 1868 

San Diego....... 1881 

Port Yuma...... 1876 

San Francisco _. San Francisco . . . 1886 

San .Joaquin. . . . _ . . . . . . . . . . . . . . . . . . ..... 

SanLuisObispo .................. 1879 

San Luis Obispo. 1881 

San Mateo ........................ 1865 

SantaBarbara .................•.. 1884 

Santa Bar bam... 1881 

Santa Clara ..................... _ 1880 

San Jose . . . . . . . . 1895 

Mount Hamilton .I 1888 

Santa Cruz .............. __ .. _ ... _I ____ .. 

Shasta ......... , . . . . . . . . . . . . . . . . . . 1869 

Sierra .......... i.. . . . . . . . . . . . . . . . . 1867 Is;,.;,.,., ...... "I "••torn ......... 1887 

) Western ........ 1>;75 

C i 0 I 

17 02 

16 35 

15 49 

15 55 

16 54 

16 55 

17 13 

17 07 

14 00 

16 06 

15 38 

17 10 

15 51 

17 06 

14 30 

16 00 

15 53 

16 03 

14 17 

14 4-6 

15 50 

14 00 

13 4() 

13 23 
13 27 

13 45 

16 40 

15 06 

15 30 

15 45 

14 45 

14 51 

l!l 20 

]() 35 

15 50 

17 00 Mean oflO stations. 

1() 35 County surveyor. 

15 55 Mean of 5 stations. 

16 00 C.&G.S. 

17 00 Mean of 5 stations. 

County surveyor. 

C.&G.S. 

Mean of 5 st:1.tions. 

Mean of 2 stations. 

Mean of 16 stations. 

C.&G.S. 

·wheeler. 

Do. 

Mean of 9 stations. 

County surveyor. 

Mean of 4 stations. 

C.&G.S. 

County surveyor. 

Mean of 4 stations. 

Mean of 6 stations. 

1 station. 

Do. 

Do. 

Mean of 5 stations. 

C.&G.S. 

Wheeler. 

C.&G.S. 

Estimated. 

Mean of 6 stations. 

C.&G.S. 

1 station. 

Mean of n stations. 

C.& G.S. 

Mean of 20stations. 

County surveyor. 

C.&G.S. 

Estimated. 

Mean of 7 stations. 

Mean of lOstations. 

Mean of 2 stations.! 

------ ____ ,__1_s_t_at_i_o_n_. ___ ____jl 

17 34 

17 05 

18 50 

19 36 

1() 55 

17 20 

17 30 

14 05 

16 20 
15 ,10 

17 20 

15 55 

17 20 

14 30 

16 00 

15 55 

I() 05 

14 25 

14 50 

16 00 

14 10 

13 45 

13 30 

13 25 

13 50 

16 50 

16 00 

15 05 

15 30 

16 10 

14 45 

14 50 

In 20 

16 35 

15 50 

16 00 

17 45 

17 25 

18 50 

19 40 
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1-=m'' Town, city, etc. 

-y-~-.r--Ob-se_rv_e_<l-~~-D-ec-l-in-a---,---------l 
of ob- tleclina- tion in Remarks. 
s:i~~~- tion. 

1 
1900. 

\ ___ _ --------- ---------- ---------

0 0 

Siskiyou ....... Yreka ........... 1894 

Solano . . . . . . . . . . . . . . . . . . . . . . . . . . . 1875 

Mare Island. . . . . 1887 

Suisun .......... 1850 

Sonoma ........ _ . . . . . . . . . . . . • . . . . 1860 

Stanislaus ........................ 1866 

Sutter ......... -----------······· 1874 

Tehama ....... . 

Trinity ....... . 

Yuba ............ 1894 

1869 
1873 I 

19 34 

17 00 

17 10 

15 40 

16 ~2 

15 20 

15 25 

15 15 

17 41 

18 15 

Tulare······-·· Eastern ......... 1873 14 35 

'"estern ...... _ -~- ....... , ..... . 
Tuolumne..... . ................ 1874 1() 00 

Ventura.-.-.... . ................. 1876 15 04 

San Buena ventura 1870 15 08 
! 

Yolo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1872 16 00 

[ Yub• -- i ;,;~;~;n: :::: :~ _:_~_~ -'---~-~ ~: 
COLORADO. 

19 35 County surveyor. 

17 05 Mean of 12 stations. 

1710 C.&G.S. 
1() 50 

17 10 Mean of 2 stations. 

15 50. 1 station. 

15 30 Mean of 3 stations. 

15 15 County surveyor. 

17 50 Mean of 5 stations. 

18 45 
1 

Mean of :1 stations. 

14 4:) 

15 30 

16 10 

15 10 
15 20 

16 10 

17 10 
16 40 

1 station. 

Estimateu. 

Mean of 7 stations. 

Mean of 2 stations. 

C. &G. S. 
1 station. 

Mean of 4 stations.j 

C. &G. S. J 

Observations in Colorado have been derived almost exclusively from 
the surveys of standard lines and township exteriors by the General 
Land Office. A few have been compiled from the Coast and Geodetic 
Survey, and a few have been receivecl from county surveyors. The 
land-survey work is comparatively recent in date, the earliest observa­
tions having been taken in 1860, while most of them are subsequent 
to 1870. 

The liue ot no secular variation crossed Colorado betwepu 1860 and 
1R65, and these observations have been corrected allcordingly by the 
use of the following table, derived from series observed in the State: 

Year. 

1890 ............. -... --- ............... ----

1880. - - . - .. -....... - - . - ..... - ...... - - - .. - ~ -

I:~~::::::: ••• •••• 

lleduction. 

Eastern 
part. 

0 I 

0 40 

1 10 
1 25 

1 40 

Western 
part. 

(J I 

0 35 

1 00 

1 10 
1 10 

------------------

The·declination is east, and the above correctious are to be subtracted. 
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Couuty. 

I 
'l1owu, eity, etc. 

tion. 
I -1-----,~ ----~-----

c 
Arapahoe . . . --- Easte1·n _____ .... 1871 14 10 12 40 Mean of 14 stations. 

Middle._: _______ 1862 14 30 12 45 Do. 
'Western -------- 1860 15 05 13 25 Mean of 11 stations. 
Denver ..... - ..... 1888 14 06 13 25 C. &G. S. 

Archuleta._ ... _ ·----------------- 1884 15 10 H 20 Mean of 7 stations. 
Hac a . _ ..... ·_ .. _ - -----------------· 1873 13 45 12 25 Mean of 3 ~Stations. 
Bent_ ...... _ .... ----------------- 1871 13 40 12 15 Mean of 5 stations. 

\Vest Las Animas 1888 13 00 J2 20 C. &G. S. 
Boulder ___ ... _ ------------------ 1866 15 06 13 30 Mean of lOstations. 

I 
Chaffee -------- ------------------ 1876 15 12 14. 00 Mean of 4. stations. 

Cheyenne·----- ------------------ 1870 13 50 12 25 Do. 
Clear Creek _. __ ------------ -----· 1867 15 02 13 30 Mean of 2 stations. 
Conejos--·- ____ ·----------------- 1876 14. 07 12 50 Mean of 5 stations. 
Costilla ... _ .... _ ------------------ 1871 H 11 12 45 Mean of .7 stations. 

San Luis- ....... __ 1895 13 14 13 00 County surveyor. 
Custer _________ ----.-· _________ .,. __ 1S71 H 21 13 00 Mean of 4. stations. 
Delta ---------- ------------------ 18!)1 14 40 14 10 Mean of 2 stationH. 

Delttt .... _ ....... 18!)5 1.4 45 14 30 County surveyor. 
Dolores -------- •··•·· ••·•••••••··I 1885 14 20 13 30 Mean of 4 statio:{ls. 
Douglas __ ------ ··---------·····-· 1866 15 10 13 35 Mean of 6 stations. 
Eagle _ ..... _ .. _ ·----------------- 1890 14 51 14 15 Mean of 4 stations. 
Elbert_---· ____ ------------------ 1866 14 22 12 40 Mean of 7 stations. 
El Paso _ .. _ . : . _ -----------------· 1869 1-J, 57 13 20 Mean of 9 stations. 

Colorado Springs [ 1886 14. 2-1 13 35 C. &G. S. 
l•.,reniout .... _ .. --.---------------- 1877 14 27 13 10 Mean of 7 stations. 
Garfield ___ .. _. _ Eastern ___ . __ ,_-. 1890 15 25 14 50 Mean of 4 stations. 

·weRtern ·--- ---- 1894 15 20 15 00 Mean of 2 stations. 
Gilpin --------- -----· ·----------- 1867 15 02 13 30 Do. 
Grand .. _. ______ ------------------ 1879 15 0:3 14 .10 Mean ofll sta.tions. 
Gunnison ------ -------------·--·· 1882 14 4.4 13 45 Mean of 13 stations. 

Gunnison - ... -- .. - 1886 14 4.3 13 55 C. &G. S. 
Hinsdale._ ..... -·---------------- 1881 14 26 13 25 Mean of 4. stations. 
Hncrfano. _ ..... ------------------ 1866 H 27 13 00 Mean of 6 stations. 
Jefferson __ .... _ ------ -----···----- 1865 14 56 

I 
13 25 Mean of 5 stations. 

Kiowa __ . ______ ··---· ------------ 1871 13 25 
I 

12 00 Mean of 2 .stations. 

Kit Carson_ ----1------ ........... - 1870 14 00 12 35 Do. 

Lake. ______ ·---~·----------------- 1875 15 40 14 20 1 station. 
La Plata ___ , ____ -----· ______ ------ 1879 14 32 13 30 Mean of 8 stations. 

l~odm., _ I Eastern ..... ----~ 1865 15 14 13 25 Mean of 9 stations. 
·western ... _ . _ . _ 1877 15 00 I 13 45 Mean of·2 stations. 
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-1 Year Ohservccl Deelina-
I County. Town, city, etc. of ob· dec !ina· tion in Remarks. scrva- tion. 1900. tion. 

----

0 I 0 

Las Animas .... Eastern ......... 1871 13 25 12 00 Mean of 4. stations. 

Western -------- 1869 13 34 12 00 Mean of 7 stations. 

Trinidad ........ 

1 

1888 13 4.7 13 00 C. & G. S. 

Lincoln ........ Northern ........ 1870 14 10 12 45 Mean of 2 stations. 

Southern ___ .... -I 1870 14 12 12 45 Mean of 7 stations. 

Logan ___ ... _ ... ------ . ----- ------ 1870 14 46 13 20 Mean of 5 stations. 

Mesa ........... Eastern _ ...... _. 1892 I 15 05 14 35 Mean of 4 stations. 

Western.··-- -·-····--··1---- ..... 14 4.5 EstimatcL!. 

Grand Junction. _I 1 8!15 1 14 48 14 30 County surveyor. 

Mineral _ ....... ------------------
! 13 50 Estimated. ------ ---------

Montezuma ---- ·----------------- 1880 14 20 13 20 Mean of 3 stations. 

Mancos .......... 1895 13 22 13 05 County surveyor. 
Montrose ... ____ Eastern .. _ ...... 1884 14. 25 13 40 Mean of 5 stations. 

IV estern -------- 1888 14 24 13 45 Mean of 8 stations. 

Morgan ........ ----------------- 1871 15 05 13 40 Me~mof 12 stations. 

Fort J\iorgan __ . 1895 14 45 14 30 County surveyor. 

Otero ·----- --- ----------------- 1871 13 56 12 30 Mean of 12 Rtations. 

Onray --------- ·----- ------ ·----- 1881 14 46 13 4iJ Mean of 3 stations. 
Ouray .. __ .... _ .. 1895 13 55 13 40 County surveyor. 

Park ....... ··-- ------------------ 1872 15 36 14 15 Mean of 8 stations. 

}'airplay . _ ... _. 1879 14 26 13 20 Wheeler. 

Alma .. , ......... 1895 13 GO 13 35 Connty surveyor. 

Phillips .. _ ... _. ------------------ 1872 14 40 13 20 1 station. 

Pitkin ........ ------------------ 1891 15 02 14 30 Mean of 3 stations. 

Aspen ........... 1895 15 00 14 45 County surveyor. 
Prowers ... __ ... ------ ·----------- --------- 12 20 Mean of 3 stations. 

Pueblo ........ ------------------ 1~69 14 37 13 10 Mean of 12 stations. 

Pueblo .......... 1888 13 13 12 20 C.&G.S. 
Uio Bhuco _ . _ .. Eastern .... - _ ... 1883 15 10 14 20 Mean of 2 stations. 

Western -------- -----.---- 15 00 Estimated. 
Rio Graude ... ------------------ 1874 14 16 13 00 Mean of 9 stations. 

Del Norte.··--· 1895 13 59 13 40 County surveyor. 
Routt· .......... Eastern .. _ ..... 1887 15 26 14 40 Mean of 17 stations. 

Western ........ 1891 15 18 14 50 1 station. 

Toponas ........ 11'195 14 30 14 15 County surveyor. 
Sagnache _. _. _ ------------------ 1876 14 10 12 55 Mean of 14 stations. 

I San ,J nan ....... 

Sagnache _ ...... 1873 14 24 13 05 Wheeler. 

----------------- 1875 14. 05 12 50 Mean of 2 stations. 

l!:," >liguol ----- -----------· 1881 14 20 13 20 Mean of 4 stations. 

dgwick ··-.··· ----------------- 1880 14 20 13 10 Mean of 2 stations. 
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· I y car I' Observed 
Town, city, etc. I ~!r~~: de?liDaa 

tion. , twn. 
! ----1 ------,--,-----· 

I ' 
-..._ ' ; 0 I 

Summit ________ ............ ______ ! 1891 ! 14 30 

Washington .... ----------- ...... [ 1868 i 14-40 
W cld . . . . . . . . . . Northeastern .... ' 1870 ! 15 30 

North western ... 
1 

18641 15 10 

Southwestern ... ' 1861 15 05 

Dec !ina-
tion jn Remarks. 

1900. 

0 I 

14 00 Mean of 2 stations. 

13 10 Mean of 11 stations. 

14 05 1 station. 

13 35 Mean of 11 stations. 

13 25 Mean of 13 stations. 

I 

1.. Greeley---------~ 1878 14 34 

Lma ----------1------ -··:·· ------11866 14 ___ 3_o ________ _ 

13 20 
C. & G. S. "":'J 13 00 Mean of 6 stations. 

CONNECTICUT. 

The data for Connecticut are derived almost entirely from the com. 
pilation of the Coast and Geodetic Survey, most of the observations 
being accredited directly to that organization. Two only have been 
received from correspondence with city surveyors. These data bear 
date from 1810 down to the present time. 

Wherever in the county table the mean of several stations is given 
for the county, it is understood to include the stations which arc given 
afterward separately. 

The line of no secular variation is supposed to have crossed Connect­
icut in 1790; consequently none of these observations, with the possible 
exception of the one at Pomfret, are afl'ected by the change in secular 
variation. They have been reduced to the epoch 1900 by the applica­
tion of reductions derived from the series observed in western New 
England. 

Year. Reduction. 

----------------1-~--

0 ' 

r--~----Redncti':'~l 
o , I 

1890 . . . . . . . . . .. . . .. . 0 20 1 1840 .... ---- ..•. .... 3 40 

1880- - - -- - - -- - -- - - - - 0 45 1830...... .... ...... 4 40 

1870------ ---- ------

1860-- -- -- -- -- -- -- --

1850- - - - - -- - - . - - - - --

1 25 1820 -- -- -- -- -- .. .. .. 5 20 

_: :__ l810 .............•.• _:j 
The deelination is west, and the reductions for secular variation are 

to be added. 
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I-=~., Year Observed Declina- RomO<k~ Town, city, etc. of oh- declina- tion in serva· tion. 1900. tion. 

- ----

0 I 0 I 

Fairfield ....... ------------------ ------ --------- 10 05 Mean of 8 stations. 

Stamford ........ 1844 6 24 9 45 C.&G.S. 

Norwalk ........ 1844 6 50 10 10 Do. 

Black Roek ..... 1845 6 53 10 10 Do. 

Bri<lgeport ...... 1845 6 20 9 40 Do.-

Hartford ....... ------ ·----------- ---· ·- --------- 10 15 Mean of 4 stations. 

Hartford ........ 1879 8 34 9 20 C.&G.S. 

Litchfield ...... ------ --- .. -- ------ ------ --------- 10 50 1 station. 

Middlesex ...... --- .. -------- ....... --- ------ --------- 10 10 Mean of 2 stations. 

Saybrook _ ...... 1845 6 50 •10 10 C.&G.S. 

Middletown ..... 1895 10 00 10 10 City surveyor. 

New Haven .... . ----. -----. ------ ------ --------- 10 00 Mean of 10 stations. 

Milford --------- 1845 6 38 9 55 C.&G.S. 

New Haven ..... 1885 9 00 9 35 Yale College. 

New London ... ------------------ ------ --------- 11 00 Mean of 3 stations. 

Tolland __ ...... ------------------ ------ --------· 10 00 Do. r 
Hebron ·-------- 1835 6 00 9 10 Silliman's Journal. 

lVfindbnn> ..... Pomfret ......... 1810 5 08 11 00 
Do :J Putnam ......... 1866 9 30 11 10 City surveyor. 

-------

DELAWARE. 

Observations for magnetic declination are derived. almost entirely 
from the United States Coast and Geodetic Survey, their date rangiug 
from 1842 to 1885. 

They have been reduced to the epoch 1900 by the application of 
the following table of reductions, derived from series of observations 
taken in Delaware, Maryland, District of Columbia, Virginia, and 
West Virginia. 

1-=-Y-ea_r_. ___ r_R_e_d'_'"_ti-on_._II-----Y-ea_r_. -~-I Reduction. 

] () I 0 I 

1890...... ...... .... 0 30 1840...... ...... .... 3 30 

1880................ 1 00 1830................ 4 00 

1870................ 1 55 1820................ 4 10 

l1860 .... ____ .... .... 2 25 1810 ............ ____ 4 20 1 

1850. -~~~:_-__ --_-:___3_o_o_, _________ 1....__j 
The declination is west- and the above corrections are to be added. 

17 GEOL, PT I--21 



322 MAGNETIC DECLINATION IN THE UNITED STATES. 

Year Observed Declina-
County. Town, city, etc. of ob- declina- tionin serva-

t.ion. tion. 1900. 

0 I 0 I 

Kent ........... Bombay Hook ... 1847 3 19 6 30 

Newcastle ...... -..... ------ ......... . -.. -- .. --------- 6 10 

Wilmington ..... 1875 3 45 5 10 

Delaware City .. 1842 3 30 6 55 

Sussex ......... .......... ------------ ------ ................ 5 45 

Dagsboro ....... 1856 2 40 5 25 

Cape Henlopen .. 1885 5 00 5 45 

I 
Pilottown ....... 1846 2 43 5 55 
Lewes Landing· .. 1846 2 45 5 55 

--~-

DISTRICT OF COLUMBIA. 

Remark 

C.&G.S. 

Mean of 4 s tations . 

C.&G.S. 

Trans.Roya I Soc. 

tations. Mean of 4 s 

C.&G.S. 

Do. 

Do. 

Do. 
' 
;: _ _j 

In the District of Columbia there is presented the mean of six 
stations scattered over its area, with a mean date of 1875, these stations 
having been compiled from the work of the United States Coast and 
Geodetic Snrvey. 

Upon many of the mileposts marking the boundaries of the District 
of Columbia, as it was run in the early part of the century, the decli­
nation at that date, as observed, has been marked. These results, 
however, are not presented, as they are of so early a date. 

The table of reductions for the District of Columbia is similar to 
that above presented for Maryland, and was derived from a series of 
observations made in Delaware, Maryland, District of Columbia, Vir­
ginia, and West Virginia. 

Year. Reduction. 

0 I 

1890.... ...... ...... 0 30 

1880.... .... .... .... 1 00 

1870.... .... .... .... 1 55 

1860.... .... ........ 2 25 

1850.... .... .... .... 3 00 

Year. 

1840 ............... . 

1830 .............. .. 

1820 ............... . 

1810 .............. .. 

Reduction. I 
0 I 

3 30 

4 00 

4 10 

4 20 

----------------~------~-----------------~----~ 

The declination is west, and the above corrections are to be added. 

~=ty. Year Observed Doclina-
Town, city, etc. ofob- declina- tion in Remark serva-

tion. tion. 1900. 

I 
.................. \1875 

I 0 

District of Co- 3 10 
lumbia. 

I 

0 I 

4 40 C.& G. S. 
of 6 stati 

Mean 
OilS. 
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FLORTDA. 

Observations for magnetic declination in Florida are derived mainly 
from the subdivision surveys of the General Land Office, with a few 
from coun!y surveyors and the United States Coast and Geodetic Sur­
vey. The work of the Land Office has been done in this State since the 
year 1825. The observations appear to be of fair quality, showing 
accordance with observations from other sources at more recent dates, 
when reduced. 

The observations have been reduced to the epoch 1900 by the appli­
cation of corrections derived from series of observations in the State, 
as set forth in the following table: 

~· Yooo 1 _R_e_d_~_ct-:o_n_. _____ Y_e_ar_. ____ ,"-':"':"" I 
1 1890 _____ ... ____ . _.. o 25 1860 .. __ .. _ _ _ _ _ _ _ _ _ _ 2 o5 I 

1

1880 ___ • ____ o 50 1850 .... ____ ____ ____ 2 35 I 
. 1870:::~::~--- : _____ I 1 30 1840 .... ------ ...... 3 00 J 

The declination is east, and the above corrections are to be subtracted. 

I 
I 

l Year Observed Declina· 
County. Town, city, etc. of ob· declina· tion in Relllarks. serva-

tion. tion. 1900. 

a I a I 

Alachua._ .... __ -----------·------ 1835 5 18 2 05 Mean of 8 stations. 
Gainesville .... _. 1895 2 35 2 20 County surveyor. I 

Baker .... ------ ---------·-------- 1837 5 52 2 45 Mean of 4 stations. 
Bradford ... ____ -........ -.. -- .... ----- .. - "1850 5 30 2 55 Mean of 5 stations. 
Brevard ........ ------------------ 1870 3 00 1 30 Mean of 12 stations. 

Eau Gallie ...... 1880 2 00 1 10 C.&G.S. 
Titusville ..... _. 1879 2 08 1 15 Do. 

: ~e:~~~i:~~~::::: J 1895 1 32 1 20 County surveyor. 
Calhoun ......... 1881 4 55 4 05 Mean of 2 stations. 
Citrus.---------- 1855 4 06 1 45 Mean of 4 stations. 

Inverness _ ... ___ 1894 2 35 2 20 County surveyor. 
Clay.·----- .... ------------------ -----· --------- 2 00 Estimated. 
Columbia------ ------------------ 1881 3 00 2 10 1 station. 
Dade ... - ... -... ------------------ 1870 3 20 1 50 Mean of 5 stations. 
De Soto . _ ...... --------------·-·· 1850 4 18 1 40 Mean of 3 stations. 
DuvaL ......... ·----------······· 1881 2 20 1 30 Do. 

Jacksonville _ ... 1880 2 20 1 30 C.&G.S. 
Baldwin ......... 1887 2 23 1 50 Do. 

Escambia ·----· Pensacola .. ____ . 1890 4 55 4 30 Do. 

I 
I Franklin .... ___ Apalachicola ___ . 1860 6 12 4 05 Do. 
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County. Town, city, etc. 

Gadsden------- .. ---- .. ---- ------
Hamilton--·--· ------------------

Jasper ____ ---··· 

Hernando __ .... ------------------
Hillsboro ·----· ---- .. ------- -~----

Tampa .......... 
Holmes ____ .... ------------------
Jackson ........ ------------------
Jefferson_ .. · .... ------ ------·-----
Lafayette . _ .... ------------------
Lake ........... ------------------

Puntarasa. _ ... __ 

Lee···--- ...... ------------------
Leon.---- ...... Tallahassee -----
Levy ........... -----------· ........ 

Cedar Keys ..... 

Liberty---· ____ ------------------
Madison._._ .... ------------------

Madison --------
Manatee ------- ---·--------·-----
Marion ... __ .... ------------·-----

Ocala _ .••...... _ 

Monroe -------- --.-.- ---- --------
Key West ....... 

Nassau ......... Fernandina _ ... _ 

Orange -------- ------------·-···· 
Orlando ......... 

Osceola ........ ------ .............. 
Kissimmee ..... _ 

Pasco .......... ------------------
Polk .. _ ... _ .. - .

1 

..... - - .... - - .... -

Bartow .... _ .. __ 

Putnam ____ .... -----------· ------
St. Johns ....... St. Augustine .... 

Santa Rosa. _. __ ------------------
Sumter. ____ .... ------------------
Suwannee ...... ------------------

Live Oak ....•••. 
Taylor _ .. ___ . _. ....................... 
Vol usia -------- -----------------· 

I 

Enterprise ...... 

Daytona --------

year Observed 
of ob- declina-
st~~~~- tion. 

0 I 

------ ---------
1891 3 10 

1895 2 38 

1843 4 50 

1845 4 35 

1887 3 02 

·----- . ............ 
---------

1825. 6 10 

1831 6 10 

1843 4 20 

1866 4 00 

------ ····-----
1875 3 42 

1863 4 08 

1887 3 22 

1895 3 30 

1866 4 05 

1895 2 50 

1843 4 45 

1842 4 38 

1890 2 26 

1885 3 20 

1887 3 20 

1819 2 30 

1865 3 43 

1893 2 27 

1858 3 45 

1891 2 30 

1846 4 22 

1850 4 40 

1895 1 54 

1834 5 28 

1880 2 42 

---------
1845 4 30 

1863 4 15 

1895 2 30 

------ ---------
1850 4 10 

1880 2 45 

1876 3 15 

Declina­
tion in 
1900. 

0 I 

3 00 

2 45 

2 25 

1 55 

1 50 

2 30 

3 20 

3 10 

2 50 

2 55 

1 30 

2 15 

1 45 

2 30 
2 15 

2 50 

3 15 

2 25 

2 35 

1 50 

1 45 

2 00 

2 45 

2 50 

1 35 

2 00 

2 10 

1 35 
2 05 

1 45 

2 05 

1 40 

2 20 

1 50 

3 45 

1 45 

2 20 

2 15 

2 40 

1 35 

1 55 

2 10 

I 

Remarks. 

E&timat.ed. 

Mean of 2 stations. 

County surveyor. 

Mean of 9 stations. 

Mean of 10 stations. 

C.&G.S. 

Estimated. 

Do. 

1 station. 

Do. 

Mean of 5 stations. 

C. & G. s". 
Estimated. 

N.A.S. 

Mean of 4 stations. 

C.&G.S. 

1 station. 

Mean of 3 stations. 

County sun·eyor. 

1 station. 

l\Iean of.14 stations. 

County surveyor. 

Mean of 6 stations. 

C.&G.S. 

Do. 

Mean of 9 stations. 

County surveyor. 

Mean of 4 stations. 

County surveyor. 

Mean of 6 stations. 

Mean of 9 stations. 

County surveyor. 

Mean of 2 stations. 

C. &G. S. 

Estimated. 

Mean of 17 stations. 

l\Iean of 2 stations. 

County surveyor. 

~stimated. 

Mean of 8 stations. 

c. &G. S. 

Do. 
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~unty. 

THE COUNTY TABLE OF RESULTS. 

Town, city, etc. 
y car Observed 
of 0 b- declina-
s:i~~~- tion. 

Declina­
tion in 
1900. 

-- ----1----1- ------

0 I 0 f 
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Wakulla ......................... 1881 ·i 05 

St. Marks . . . . . . . 1875 4 30 

Walton ......................... . 

Washington.... . . . . . . . . . .. . . . . . . . 1881 4 50 

3 15 Mean of 2 stations. 

3 20 N. A. S. I 
3 30 . Estimated. _j 
4 00 1 station. 

GEORGIA. 

Declination data in Georgia are scanty, only about half the counties 
of the State being represented. Observations are derived from various 
sources-returns from county surveyors, Geological Survey of Georgia, 
United States Coast and 'Geodetic Survey, and the National Academy 
of Sciences. 

These observations are of date ranging hack as far as 1837, those 
of that year, 1838, and 1839 coming from the Geological Survey of 
the State. The others are of much more recent date, most of those 
of the Coast and Geodetic Survey being taken between 1870 and 1890, 
while the county surveyors' returns bear date mainly 1895. 

These observations have been reduced to the epoch 1900 by means of 
corrections derived from series of observations taken in this State and 
the two Carolinas. They are set forth in the following table: . 

~ - ~ ____ -R-ed-:-c-ti-

1

on_._
1
1
1 
-----Y-ea_r_. _ 

1890 ...... ······ ... . 

1880 ............ ----
1870 ............... . 

1 1860 ...... ______ ... . 

0 35 

1 05 

1 50 

2 20 

1840 ............... . 

1830 .............. . 

1820 ............... . 

1810 ............... . 

Reductio~ 
0 I-~ 
3 15 

3 30 

3 45 

4 05 

. j 1850 .. _:_-=~---_·_-__ 2_4_5 _ _c_ ________ _c_ ___ _ 

The declination is east, and these corrections are to be subtracted. 

---------------~---~---.-----~----------. 

, 
County. .Town, city, etc. 

Year 
ofob­
serva­
tion. 

Observed 
<leclina­

tiou. 

Declina­
tion in 

1900. 
Remarks. 

----------1---------1 

0 I 0 I 

Appling ........................................ . 

Baker...... . . . . Mimsville . . . . . . . 1895 1 30 

Baldwin ....... Milledgeville, ... 1887 3 37 

Banks .......... Homer .c ........ 1895 1 30 

Bartow ........ Pinelog ......... 1874 4 00 

1 30 

1 15 

2 55 

1 15 

2 30 

Estimated. 

County surveyor. 

C. &G. S. 

County surveyor. 

C. &G.S. 
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I 
0J".,"{ Obse~ved I 

County. Town, city, etc. serva- de~lina-
tion. twn. 

1-------1------!-- I 
I 0 I 

~:::~e: :::::::: _ ~~~l-~s-~~~~::: ·.:: :1. ~~~~ ..... ~ -~~. 
Bibb ........... Macon .......... \1888 2 30 

Brooks . . . .. .. .. .. ................ I .. • • • • .. .. _ .. .. 

Bryan.. .. .. .. . . Bryan.... .. .. • .. 1838 5 05 

Bulloch ........................................ . 

Burke .......... Waynesboro ..... 1837 5 04 

Butts .. .. .. . .. . Flovilla .. .. .. .. . 1895 2 00 
Calhoun ....... 

Camden.... .. .. Owens Perry .. .. 1895 1 15 

Campbell ........................ 1895 1 30 

CarrolL ........................................ . 

Catoosa ....................................... .. 

Charlton....... . . . .. . .. .. .. .. .. .. . ....... . 

Chatham ....... Skiddaway ...... 1856 3 25 

Savannah . .. .. .. 1886 1 31 

Chattahoochee ................. .. 

Chattooga ............................. o 

Cherokee. 0..... Cumming .... 0 0. 1873 

Clarke ......... Athens .......... 1896 

Clay .. .. .. . . . . . Fort Gaines 0 .. • • 1839 

Clayton .. .. . . . . .. .. .. .. .. .. .. .. .. 1893 

3 13 

1 42 

5 30 

2 00 

Clinch .. .. .. .. . .. .. .. .. .. .. .. . .. . 1895 1 30 \ 

Lawton ........ 0 1880 2 26 

Cobb ........... Kennesaw ....... 1873 4 43 

Cofi'ee ...... 0 .. 0 ............ o ............... 0 .. .. 

Colquitt ......................... 1895 1 45 

Columbia ...... Appling ........ 0 1837 5 00 

Coweta .. o ............................ o .... 0 ... . . 
Crawford . 0 0. 0. Knoxville... . . • . 1895 2 15 

Dade .......... 0 ................ .. 

Dawson.......................... . ....... . 

D!lcatur ........ Bainbridge ....•. 1839 5 30 

Dekalh ......................................... . 

Dodge ......................................... . 

Dooly .. . .. . . . . . .. . . . . . . . . . . . . . . . . 1895 1 45 

Dougherty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

Douglas. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . ....... . 

Early .......................................... . 

Echols .............................. · ........... . 

Effingham ..... ·1 Oak Level...... . 18371 5 05 
I Springfield. . . . . . 1837 5 05 I 

Declina-
tion in Remarks. 
1900. 

0 I 

2 15 County surveyor. 

1 50 Estimated. 

1 50 C. &G.S. 

2 00 Estimated. 

1 45 Ga. Geol. Survey. 

1 15 Estimated. 

1 45 Ga. Geol. Survey. 

1 45 County surveyor. 

2 00 Estimated. 

1 00 County surveyor. 

1 15 Do. 

2 15 Estimated. 

2 00 Do. 

1 45 Do. 

0 55 C. &G.S. 
0 45 Do. 
2 45 Estimated. 

2 15 Do. 

1 35 C.&G. ~-
1 30 County surveyor. 

2 15 Ga. Geol. Survey. 

1 35 County surveyor. 

1 15 Do. 

1 20 C. &G. S. 

305 Do. 

1 40 Estimated. 

1 30 County surveyor 

1 40 Ga. Geol. Survey. 
2 10 Estimated. 

2 00 County surveyor. 

2 15 Estimated. 

1 45 I Do. 

2 15 Ga. Geol. Survey. 

2 00 Estimated. 

1 30 Do. 

1 30 County surveyor. 

2 00 Estimated. 

2 10 Do. 

3 00 Do. 

2 00 Do. 

1 451 
1 45 Do. 

Ga. Goo!. Samy. I 
·-------------------
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[c:mty. Town, city, etc. 

Year 
ofob­
serva 
tion. 

Effingham ...... Ashville ......... 1837 

Cottage Green ... 1837 

Elbert . . . . . . . . . Elberton.... . . . . 1837 

Thornville . . . . . . 1837 

Emanuel . . . . . . . Swainsboro . . . . . 1838 

Birdsville . . . . . . . 1837 

J<'annin ......... Morganton ...... 1895 

Fayette . . . . . . . . Fayetteville. . . . . 1896 

Floyd .......... Lavender ....... 1874 

Forsyth........ Sawnee . . . . . . . . . 1873 

Franklin . . . . . . . Carnesville...... 1837 

Fulton ......... MiddleBase ..... 1873 

Gilmer . . . . . . . . . . . . . . . . . . . . . . . . . . . 1896 

Glascock ...... ··1· ..................... . 
Glynn.. . . . . . . . . Brunswick . . . • . . 1887 

Gordon ......... 
1

. .. . . . . . . . . . . . . . . . . ... . 

Greene ............................... . 

Gwinnett ...... Lawrenceville ... 1874 

Habersham ..... Currahee ........ 1874 

Toccoa Falls ..... 1837 

Hall ........... Skitt ............ 1874 

Hancock ............................. . 

Haralson ............................. . 

Harris . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

Hart .......•.......................... 

Heard ................................ . 
Henry . . . . . . . . . . . ......... _ _ _ _ _ _ _ _ _ ___ _ 

Houston ......................... 1895 

Irwin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

Jackson. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

Jasper . . . . . . . . . . ................ . 

Jefferson ........................ . 

Johnson . . . . . . . . . . . . . . . . . . . . . . . . . 1895 

Jones . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1885 

Laurens .............................. . 

Lee ............................. . 

Liberty ........ Liberty ......... 1838 

Lincoln . . . . . . . . Lincolnton...... 1837 

GoshE>n. . . . . . . . . . 1837 

·Lowndes ............................. . 

~:: :': c'_':'."'.::: :::: -~~· 

Observed Declina-
deolina- tion in 

tion. 1900. 

0 I 0 I 

5 05 1 45 

5 05 1 45 

4 33 0 15 

4 33 0 15 

5 04 1 45 

5 00 1 40 

2 30 2 10 

3 30 3 20 

4 00 2 30 

2 55 1 20 

5 00 1 40 

3 35 2 00 

2 00 1 50 

.. ----- .. --- 1 15 

1 49 1 05 

- -- .... --- .. - 2 00 

- --------- I 1 30 

3 25 1 50 

2 48 1 15 

5 00 1 40 

2 36 1 00 

- --·------ 1 30 

.. --------- 2 20 

- --------- 2 30 

--------- 1 00 

--------- 2 15 

--·------ 1 50 

2 00 1 45 

------··· 1 45 

--------- 1 30 

.............. 1 40 

- --------- 1 15 

3 oo 2 .45 

2 30 l 40 

.. --------- 1 30 

--------- 2 00 

5 05 1 45 

5 09 1 50 

5 09 1 50 

- --------- 2 00 

3 36 2 00 

-------·- 1 00 
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-~-~ 
Ga. Geol. Survey. 

Do. 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

Do. 

C.&G.S. 

Do. 

Ga. Geol. Survey. 

C.&G.S. 

County surveyor. 

Estimated. 

C.&G.S. 

Estimated. 

Do. 

C.&G.S. 

Do. 

Ga. Geol. Survey. 

C.&G.S. 

Estimated. 

Do . 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

Estimated. 

Do. 

Do . 

Do. 

Count.y surveyor. 

Do. 

Estimated . 

Do. 

Ga. Geol. Survey. 

Do. 

Do. 

Estimated. 

C.&G.S. 

Estimated. 
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Town, city, etc. I Year 
ofob 
serva-
tion. 

Observed 
declina­

tion. 

Declina­
tion in 
1900. 

1~------1------- ------~1----

0 I 

Mcintosh . . . . . . Darien . . . . .. • • .. 1838 5 05 
Macon . . . .. . . . . . _ .... __ . . . . . . . . . . .. .. . . .. ______ _ 

Madison ...... . 

Marion .............................. _ .......... . 
Meriwethm.' · ___ .. __ . ___ .. ___ ...... __ . ___________ . 

Miller ....... , .. ----------------------------. ___ _ 

Milton ................ ----- -----, -- ... . 
MitchelL. , _ ...... _ ................. _. __ 

Monroe. ____ ---------------------- 1895 
Montgomery . __ ........ ____ .......... .. 

Morgan---- ___ . Madison ......... 1838 

Murray ........ ------------------------
Muscogee ..... _ Columbus ..... _. 1839 

..... do ... _ . . . . . . 1895 

1 15 

4 30 

5 30 

2 30 

Newton .... ---------- ______ ------------ ____ .----
Oconee. . . . . . . . . . .. _ .......... _ . . . _ .. _ _ _ ... _ .... . 

Oglethorpe ..................................... . 

Paulding. . . . . . . . ....... - . . . .. .. . . . . .. . . . - . - - .. - . 

Pickens . . . . . . .. .. . _ . . . . . • .. .. .. .. .. .. .. .. .. - .. .. 

Pierce .............. - .... ------ ..... ---- ----- .. .. 
Pike ..... _ . _.. . .. ... ___ ........ _ . .. . .. . . ....... . 

Polk .... _. . . . . . Carnes . . . . . . . . . . 1873 4 05 

Pulaski ....................................... .. 

Putnam . . . . . . . . Eatonton ..... _.. 1838 4 32 

Quitman .. _ ............................ . 

Rabun .... _ ........................... . 

Randolph . . . . . . Cuthbert.... . . . . 1839 5 30 

~~:;:;.·_:::: ~:~~"'"::: :::: 1:~71:::' :~ 
Screven ........ Wendover ....... 18371 4 55 

Millen ...... __ .. 1875 2 37 

Black Creek ... _. 1837 5 04 

Jacksonboro .. .. 1837 4 55 

Mill Haven...... 1837 5 04 

Spalding....... Griffin . . . .. . .. .. 1895 1 36 

Stewart ........ Lumpkin ........ 1839 5 27 

Sumter ......................................... _ 

Talbot ___ .............. _ ....... --11895 2 00 

Taliaferro ...................................... . 

'l'att.nall . . . . . . . Baird Creek. . . . . 1838 5 23 

Taylor .... _.... Butler . . .. .. .. .. 1872 2 43 

0 I 

1 45 

1 50 

1 00 

2 00 

2 00 

2 45 

2 00 

2 00 

1 00 

1 30 

1 10 

2 00 

2 15 

2 15 

1 45 

1 30 

1 15 

2 15 

1 45 

1 30 I 
2 00 

2 30 

1 30 

l 15 

3 00 

0 30 

2 15 

1 45 

1 45 

2 00 

1 35 

1 10 
I 

1 45 

1 35 

1 45 

1 20 

210 

2 00 

1 45 

1 20 

2 05 

1 00 

Ga. Geol. Survey. 

};stimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do; 

County surveyor. 

Estimated. 

Ga. Geol. Survey. 

Estimate<l. 

Ga. Geol. Survey. 

County surveyor. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C.&G.S. 

Estimated. 

Ga. Geol. Survey. 

Estimated. 

Do. 

Ga. Geol. Survey. 

Do. 

Estimated. 

Do. 

Ga. Geol. Survey. 

N.A.S. 

Ga. Geol. Survey. 

Do. 

Do. 

County surveyor. 

Ga. Geol. Survey. 

Estimated. 

County surveyor. 

Estimated. 

Ga. Geol. Survey. 

C.&G.S. 
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County. Town, city, etc. I I 
. I 

~ eab Observed Declina· 
0 0 · dcclina- tion in· 
s~rva- tion. 1900. 
twn. , _______ , _______ -- --------- _________ , 

0 ' 0 ' 
Telfair. . . . . . . . . Lumber __ .... _.. 1875 3 11 1 40 N.A.S. 

Terrell . . . . . . . . . . _ . _ .... __ . . . . . . . . . . . . . . . ....... . 2 15 Estimated. 

Thomas ...................................... . 2 00 Do. 

Towns ......................................... . 0 30 Do. 

Troup .......... Lagrange ....... 1895 2 30 2 15 County surveyor. 

Twiggs ...............••............... ····- ···· 1 30 Estimated. 

I;:;!::::::::::::::::::::::::::::::::::::::::::::: 1 00 Do. 

2 00 Do. 

Walker ........ Johns Mountain. 1875 3 57 2 30 C. & G. S. 

Chickamauga . . . 1893 2 02 

Walton ... . .. . . . . . . . . .. . .. . •• . .. . 1895 2 00 

1 351 County Surveyor. 

1 45 Do. 

Monroe . . . . . . . . . 1838 5 10 1 50 Ga. Geol. Survey. 

Ware . . . .. . . . . . Waycross ....... 1887 2 00 1 20 C.&G.S. 

\Varren ........................................ . 1 15 Estimated. 

Washington .... Sandersville ..... 1838 5 27 2 10 Ga. Geol. Survey. 

Wayne ......... Jesup ........... 1887 1 45 

I \Vebster ........................................ . 

1 00 C.&G.S. 

2 15 Estimated. 

I White .......... Cleveland ....... 1895. 1 15 1 00 County surveyor. 

Whitfield ...................................... . 2 00 Estimated. 

Wilcox ......................................... . 1 45 Do. 

\Vilkes ................................. ·· ·. • ... . 1 00 Do. 

Wilkinson ..................................... . 

\Vorth ......................................... . 

1 30 Do. _j 1 50 Do. 

IDAHO. 

Observations in Idaho are almost entirely from the General Land 
Office, with a few from county surveyors. The Land Office observations 
are of recent date, all having been taken within the last fifteen years, 
and are apparently of excellent quality. 

Data for the determination of the secular change are scanty and of 
little value, mainly owing to the shortness of the period of time over 
which they extend.· All indications, however, go to show that the line 
of no secular variation crossed the State between the years 1875 and 
1885, and the data have been reduced under that supposition in 
accordance with the following table of reductions: 

Year. Year. Reducti:J Reduction.! 
-------1----11---------------1 

1890 ............... . 

1880 ............... . 

" ' 
0 20 

0 30 

0 ' 

1870...... ...... .... 0 20 

1860 ................ ~~ 

----------~--

The declination is east, and the above corrections are to be subtracted. 
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Year Observed Dcclina- ~I 
County. To'wn, city, etc. ofob- declina- tion in Remarks. 

serva~ tion. 1900. tion. 

0 I 0 I 

Ada ............ ------------------ 1885 18 47 18 20 Mean of 20 stations. 

Boise ........... 1895 18 45 18 35 County surveyor. 

Bannock ..••... Eastern ......... 1880 17 45 17 15 Mean of 14 stations. 
Western ........ 1890 17 40 17 20 Mean of 10 stations. 

Bear Lake ...... ------------------ 1879 17 58 17 25 Meanof6 stations. 
Bingham ....... Eastern ......... 1890 18 13 17 55 Mean of 4 stations. 

Western •....... 1892 17 46 17 30 Mean of 6 stations. 
Blaine ......••. Eastern ......... 1891 19 10 18 50 Mean of 12 stations. 

Western ........ 1885 18 35 18 05 Mean of 3 stations. 
Boise .......... Northern ........ 1890 19 30 19 10 Meanof5 stations. 

Southern ........ 1885 19 03 18 30 Mean of 18 stations. 
Canyon ........ ------------------ 1880 18 30 18 00 Mean of 4 stations. 

Caldwell ....••.. 1893 19 00 18 50 County surveyor. 
Cassia ......... Eastern ......... 1881 17 48 17 20 Mean of 14 stations. 

'Vestern ........ 1889 17 48 17 25 Mean of 18 stations. 
Custer_ ........ Eastern ......... 1891 19 03 18 45 Mean of 29 stations. 

·western ........ 1893 19 00 18 45 1 ~tation. 

Elmore ......... Northern ........ 1874 18 45 18 20 Do. 
Southern ........ 1887 18 58 18 30 Meanof9 stations. 

Fremont ....... Eastern ......... 1891 18 15 18 00 Meanof18 stations. 

Westelll ........ 1877 18 30 18 05 1 station. 

Idaho .......... Northeastern .... 1890 20 50 20 30 Mean of 4 stations. 
Southeastern .... ------ --------- 20 00 Estimated. 
Western ........ 1884 20 42 20 15 Meanof9 stations. 

Kootenai ....... Northern ........ 1893 22 15 22 00 Mean of 4 stations. 
Southern ........ 1889 21 30 21 10 Mean of 22 stations. 

Latah .......... ------------ . ----0 1887 21 07 20 40 Mean of 8 stations. 
Moscow ......... 1893 21 30 21 15 County surveyor. 

Lemhi ......... South<' astern .... 1892 19 10 19 00 Mean of 3 stations. 
North western ... 1889 19 30 19 10 Mean of 7 stations. 

Lincoln ........ Eastern ......... 1888 17 55 17 35 Mean of 15 stations. 
Western ........ 1880 18 42 18 10 Meanof10stations. 

Nez Perces ..... --------------·--- 1885 20 52 20 20 Mean of23 stations. 
Lewiston ....•... 1881 21 26 20 50 C. &G. S. 

Oneida ......... Eastern ......... 1872 18 00 17 40 Mean of 3 stations. 
I Northwestern ... 1s18 1 17 52 17 25 Do. 

Southwestern ... 1873 17 55 17 30 Do. 
Malade .......... 1877 17 45 17 20. Wheeler. 

Owyhee ........ Eastern ......... 1877 18 27 18 00 Mean of 10 stations. 
Northwestern ... 1882 18 47 18 15 Mean of12stations. I Sho,hono. -- -- --

Southwestern ... 1879 18 48 18 15 Mean of 7 stations. 
Northern ........ 1891 21 30 21 10 Mean of 3 stations. 



GANNETT.] THE COUNTY TABLE OF RESULTS. 331 

Town, city, etc. 

Year 
ofob­
serva­
tion. 

Shoshone....... Southern ........ 1892 

Murray . . . .. .. .. 1894 

Wallace ..... ---- 1894 

I Washin_g.to-n~---_-.....:--N-or-t~h~er~n~-~-~------~-...c-~1~8-9~1 ~ Southern .. .. .. .. 1876 

Observed 
declina-

tion. 

---
0 ' 
21 12 

21 20 

21 50 

19 07 
18 53 

ILLINOIS. 

Declina- ) 
tion in Remarks. 

1900. 

0 I 

21 00 Mean of 5 stations. 

21 10 County surveyor. 

21 40 Do. 

18 50 Mean of 4 stations. 

18 25 Mean oflOstations. 

The results in Illinois are derived mainly from the subdivision sur­
veys of the General Land Office, together with a few from the United 
States Lake Survey, United States Coast and Geodetic Survey, and a 
number of returns from county surveyors. The r~and Office observa­
tions were ta~en between the years 1800 and 1850, and appear to be of 
fair quality. 

The line of no secular variation apparently crossed Illinois between 
the years 1825 and 1830, and consequently a part of these Land Office 
observations are, in the reduction to 1900, complicated with the change 
in secular variation. The results for the reduction of observations 
taken at these early dates to the epoch 1900, as derived from series 
of observations taken in the State, have been adopted, and applied as 
shown in the following table: 

p=~~Y-ea_r_. ---I-R-e~d-:c-t_i,o_n. !I----Y-ea_r_. ---I-R-00~ I 

1

1890 __ __ __ __ __ _ _ _ __ _ o 40 1850 __ __ __ _ _ __ __ _ _ __ 2 45 I 

1880-- -- -- .. --- -- . .. 1 20 1840-- -- -- .. - -- . - - -- 2 45 . 

I ~~:~-- : _· : : : ·_ .--. -_ -_ ·_ ·_ -_ ·_ 22 0300 1830 -- -- -- -- -- .... -- 33 33,55 I 
~ 1820 .... ------------ . 

The declination is east, and the corrections for secular variation are 
to be subtracted. 

Town, city, etc. 
Year 

of ob­
serva­
tion. 

Observed 
declina­

tion. 

0 ' 

Adams . . .. . .. .. .. . , . . .. .. .. .. .. .. .. • .. . ____ ..... 

Alexander.. . .. . Cairo . .. • • .. .. . . 1877 6 00 

Bond........... Greenville....... 1895 5 20 

I :::::-: :::: ::: ~ :::::: :::::: :::::: :::::: :::: : :::: 

Declina­
tion in 

1900. 

0 I 

5 30 Estimated. 

4 30 C. & G. S. 

5 00 

4 00 

5 20 

County surveyor. 

Estimated. · I 
Do. ____j 
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County. Town, cit~·, etc. I Ji: e;b Observe<! Dcclina- "":.-: -l 
8~i~:~ tion. 1900. I 
( - declina- tion in Hemarks. 

-- ~ --~ ---- ----- --~ 

Q I Q I 

Bureau. . . . . . . . . . . . . . . . . . • . . . . • . . . 1827 

Tiskilwa ........ 1893 

Calhoun ..............•......... _ 

811 

4 48 

~:::o_l~: :::: :::: -~i~~~~~~- :::::::: -~~~~-~---- ~ -~~-
\ Beardstown . . . . . 1880 I 6 43 

Champaign ........•.............. 1822 7 48 

Christian ........................ _ 

Clark ............ __ . ___ .. _ ....... _ ...... _ ...... . 

Clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1817 7 50 

Clinton ............................ __ . 

Coles . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1821 

Cook ............................. 1829 

Chicago......... 1888 

Willow Springs.. 1879 

Mount Forest . . . 1876 

Winnetka . . . . . . . 1873 

Crawford ........................ 1828 

Bellair . . . . . . . . . . 1879 

Cumberland ...................... 1820 

Dekalb ........................... 1841 

Dewitt ......... Clinton ......... 1892 

Douglas ...........•.............. 1825 

Dupage .......................... 1834 

Edgar .............. _. . . . . . . . . . . . . 1821 
I 

Palermo. . . . . . . . . 1879 

Edwards....... . . . . . . . . . . . . . . . . . . 1819 
I 

Effingham ...... f ... _____ .......... · 1820 

I Fayette ......... ~-~-~~~~~: :::::: ~:~~ 
Vandalia........ 1895 

Ford . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 1831 

Franklin ....... _ ........•. _ ..... _ ..... . 

8 30 

7 19 

4 07 

511 
5 00 

5 00 

7 30 

5 08 

8 26 

7 12 

4 45 

8 03 

7 17 
8 20 

1
~ 

5 12 

7 50 

7 50 

6 45 

8 00 

4 45 

7 52 

Fulton ............•..........•.•................ 

Gallatin ......................•.•. 1895 4 30 

Greene . . . . . . . . . . . . . . . . . . • . . . . • . . . 1895 5 15 

Grundy .•.......•.•.....••....... 182~ 8 06 

Morris . . . • . . . . . . 1892 5 32 

Hamilton ...................................... . 

Hancock . . . . . . . . . . . . . . . . . . . . . . . . . 1895 5 32 

lHardin ........................... 1895 4 10 

Henderson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

--------

4 40 
4 20 

5 45 

5 30 

4 45 

5 25 

Mean of 24 stations. 

County surveyor. 

Estimated. 

Do. 

Mean of 4 resnl ts by 
county surveyor. 

Nipher. 

4 15 Mean of 32 stations. 

4 45 Estimated. 

4 00 Do. 

4 15 Mean of 6 stations. 

4 45 Estimated. 

4 55 

3 45 

3 20 

3 50 

3 20 1 

3 10 

3 55 
3 50 

4 50 

4 30 

4 15 

4 30 

4 05 

4 45 

3 50 

4 15 

4 15 

4 00 

4 25 

4 25 

4 20 

4 30 

5 15 

4 10 

4 55 

4 30 

5 00 

4 30 

5 15 
3 50 

5 45 

Mean of llstations. 

)lean of 34 stations. 

C.&G.S. 

U.S. Lake Survey. 

Do. 

Do. 

Mean of 5 stations. 

U.S. Lake Suney. 

Mean of 11 stations. 

Mean of 3 stations. 

County surveyor. 

Mean of 16 stations. 

Mean of 6 stations. 

Mean of 15 stations. 

U. S. Lake Survey./ 
Mean of 2 stations. 

Mean of 3 stations. 

County surveyor. 

Mean of 2 stations. 

County surveyor, 

Mean of 12 stations. 

Estimated. 

Do. 

County surveyor. 

Do. 

Mean of 15 stations. 

County surveyor, 

Estimated. 

County surveyor. 

Do. 

Estimated. _ _j 
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County. I Year 
ity, etc. ofob-

serv-a-
tion. 

Town, c 

1--

Henry . ___ ..... _______ . _ 

Iroquois .... ---- ______ ... ·-· ------\-----· 
.•. ---- .. ' 1824 

Jackson .... ---------- __ _ ---------
Jasper ....... . ---------
Jefferson· ...... . --· ·-----
Jersey-------- --- ·-----
J o Daviess . . . . . Galena . ---------

Sherwoo d- ·-----

·Dunleitl 1 ---- ---

Johnson ........ 
1 

Vienna. --------
Kane.------ ·---i------ ... ---------
Kan kakce ...... ' .. ____ . __ ---------
Kendall ....... . ---------
Knox ________ _ Galeslm rg. ·-----
Lake ....... --- ---------

I 

1 
Waukeg an ...... 

Lasalle. __ ... ___ I _____ • __ • ---------
Lawrence ... ---/-· .... -~. 
Leo ...•.. -----------·---

---------
--------· 

Livingston_----~-----~--- --- ·-----
Logan _______ . _ Lincoln --------
McDonough ___ ·----- __ _ ---------

---------McHenry ...... ------ .. . 

\Vootlst ock ...... 

McLean ..... . 

Bloom in 

Macon _. ---.. ---j Macon . 
Maconpin ...... ; ...... __ _ 

Madison . . . . . . . Collinsv 

Highlan 

Alton .. 

---------
gton ____ 

---------
---------
ille -----
d ··----· 

---------
--· ·-----Marion_ ........ 

1 

........ . 

Marshall ....... ---·-··· ---------· 
\Venona 

Mason ... ------ Havana 
---------
---------

Massac _____ ... . ----------
Menard ....... . ----------
Mercer ... , . . . . . Aledo . ----------
Monroe ........ 

1 

\Vaterlo 

Montgomery . . . . ..... . 

Morgan ... ·. _. . . .Jackson 

0 .••..•.. 

---- -----· 
ville .... 

------
1820 

1895 

-----· 
1876 

1839 

1856 

1885 

1840 

1833 

1833 

1895 

1840 

187:-! 

1822 

1805 

184-3 

1833 

1895 

------
1839 

1894 

1824 

1896 

1872 

------
1880 

1872 

1840 

·-----
1828 

1872 

1892 

------
1895 

18!15 

1895 

1823 

. ---.-

Observed I Declina~ 
declina- tion in 

tion. 1900, 
; 

-·---

0 ' Co I 

--------- 5 15 

7 53 4 20 

--------- 4 45 

8 03 4 30 

·1 00 3 40 

--------- 5 30 

9 08 7 35 

9 00 6 10 

9 00 6 25 

4 40 3 40 

6 02 3 15 

7 18 4 00 

8 06 4 45 

5 25 5 05 

5 56 3 10 

511 3 20 

8 06 4 30 

6 10 3 30 

7 38 4 50 

7 31 4 10 

5 40 5 20 

--------- 5 30 

614 3 20 

3 40 3 10 

& 00 4 25 

3 15 :~ 00 
5 22 3 30 

-----·--- 5 00 

6 30 5 10 

6 34. 4 45 

7 45 5 00 

---···--- 4 30 

8 05 4- 30 

6 06 4 15 

4 47 ·1 15 

-----· --- 4 15 

4 50 4 30 

5 25 5 05 

5 05 4 45 

8 00 4 25 

--------- 5 45 

I 

Remark "· 
-----

Estimated. 

Meanof34st ations . 

Estimated. 

:Mean of 21st ations. 

eyot. County surv 

Estimated. 

U.S. Lake- St 1rvey. 

. Min. Locke's Rep 
Lands. 

K. K. A.S.V icnna., 
1858. 

Mean of 10 st at ions. 

ations. 

atious. 

Mean of L 7 st 

Mean of 6 st 

Uounty surv 

Mean of 13 st 

eyor. 

ation8. 

trvey. 

ations. 

ations. 

ations. 

ationR. 

eyor. 

U.S. Lake S• 

Meanof26 st 

Mean of 5 st 

Mean of 6 st 

Mean of 8 st 

County snrv 

Estimated. 

Mean of12R tations. 

eyor. 

ations. 

County surv 

Mean of 4. st 

County surv eyor. 

N.A. S. 

Estimated. 

Nip her. 

N.A.S. 

Silliman's J< mrnal. 

Estimated. 

Mean of 17 st ations. 

N.A. S. 

County snrv eyor. 

Estimated. 

County surv eyor. · 

Do. 

Do. 

1 station. 

Mean of 2 r esnlts . 
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County. Town, city, etc. Remarks. 

~--- ~--- ---~ ------

Moultrie ............................. .. 

Ogle ..... -.-- ......................... .. 

Peoria .. .. . .. .. .. .. .. .. .. .. .. .. .. 1830 

Perry .......... 1 
................ .. 

Piatt ........................... .. 

Pike .. .. .. . .. .. Barry.... . .. . .. . 1895 

Pope.... . . .. . .. Golconda.... .. .. 1872 

Pulaski .. .. .. .. America.... . .. .. 1896 

Mound City..... 1865 

Putnam ........ 1826 

Hennepin . . . . . . . 1895 

Randolph . . . . . . Chester . . . . . . . . . 1895 

Kaskaskia . . . . . . 1809 

Richland. .. .. .. .. . . .. .. .. .. .. .. .. 1821 

Olney........... 1895 

Rock Island... . Rock Island.... . 1878 

St. Clair .. .. .. . Belleville . .. . .. . 18!15 

New Athens ..... 1880 

Cahokia........ . 1810 

Saline ................................ .. 

Sangamon...... Springfield...... 1878 

Schuyler ....... Rushville .. .. .. . 1895 

0 I 

8 12 

5 00 

6 06 

4 45 

7 32 

811 

4 57 

4 48 

7 20 

7 40 

4 00 

6 58 

5 20 

5 49 

8 25 

5 50 

5 15 

Scott.... .. .. .. . Winchester...... 1892 6 12 

Shelby ........................................ .. 

Stark ............................ 1820 8 05 

Stephenson ....................... 1895 6 00 

Ta~<ewell ........................ .' 1824 8 00 

Union ......................................... .. 

V crmilion...... . . .. . . .. .. .. .. .. .. 1821 8 15 

Pilot Grove . . . . . 1879 4 30 

Danville ........ 1895 4 00 

Wabash ........................................ . 

Warren ........ Little York ...... 1895 5 56 

Wa~hington .... Nashville ....... 1880 6 14 

Wayne ........................... 1818 7 51 

White ......................................... .. 

Whiteside...... .. .. . .. . . .. . .. .. .. 1843 7 26 

Pulton .. .. . .. . .. 1844 8 15 

Will ............................. 1825 7 47 

Williamson .................... .. 

Winnebago .... -~ Rockford ....... . 

Woodford ...................... .. 

0 I 

4 30 

4 45 

4 40 

4 45 

4 30 

4 40 

4 20 

4 30 

5 20 

4 35 

4 40 

4 30 

4 35 

4 05 

3 40 

fj 30 

5 00 

4 30 

5 45 

4 15 

4 20 

5 00 

5 40 

4 30 

4 30 

5 40 

4 25 

4 30 

4 40 

3 05 

3 40 

3 30 

5 40 

4 55 

4 20 

4 15 

4 40 

5 30 

4 10 

4 30 

3 30 

4 20 

Estimated. 

Do. 

Mean of 20 stations. 

Estimated. 

Do. 

County surveyor·. 

N. A. S. 

County surveyor. 

C. &G. S. 

Mean of 10 stations. 

County surveyor. 

Do. 

C. & G. S. 

Mean of 10 stations. 

County surveyor. 

U. S. Lake SmTey. 

County surveyor. 

Nip her. 

Silliman's .Journal. 

Estimated. 

C. &G. S. 

County surveyor. 

Do. 

Estimated. 

Mean of ,7 stations. 

County surveyor. 

Mean of 5 stations. 

Estimated. 

Mean of38 stations. 

U. S. Lake Survey. 

County surveyor. 

Estimated. 

County surveyor. 

Do. 

Mean of 5 stations. 

Estimated. 

Mean of 3 stations. 

C. &G. S. 

Mean of16stations. 

:Estimated. 

Mean of 2 results. 

Mean of 9 stations. 
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INDIANA. 

The declination data in Indiana consist in the main of observations 
from the subdivisional surveys of the General Land Office, together 
with a few returns from county surveyors and a few stations by the 
United States Coast and Geodetic Survey. The land surveys were 
made in this State between the years 1800 and 1850, and as the line 
of ~;.o secular variation crossed the State about 1820, the declination 
observations made in connection with the land surveys are greatly 
complicated with the change in declination. Corrections have been 
applied to reduce these observations to the epoch 1900 in accordance 
with the following table, derived from series observed within the State: 

---I-R-ed_u_c_ti-on_._
1 
_____ Y_e_a_r_. ___ , "-'""'"" I 

Q I Q I 

1890 .. · .•............ 

1880 ............... . 

1870 .......... ······ 
1860 ............... . 

1850 .... ······ ..... . 

0 40 

1 20 

2 10 

2 25 

2 40 

1840 ............... . 

1830 ............... . 

1820 .... ···-·· ..... . 

1810 ...... ---· ..... . 

1800 ............... . 

3 00 

3 20 

4 10 

3 45 

3 20 

The declinations are east, and the above reductions on account of 
secular variation are to be subtracted: 

,---~~~~----.-~~~~~- ----·--- -----

County. 

Adams ......... 

Allen ----------

Bartholomew ... 

Benton ......... 

Blackford ...... 

Boone .......... 

Brown ......... 

Carroll ......... 

Cass -----------

Clark .......... 

Clay ........... 

Clinton ........ 

Crawford ...... 

Daviess ........ 

Town, city, etc. 

------------------
------------------
Fort ·wayne ..... 

------------------
------·····-------
-----------· ------
Hartford ........ 

-----·------------
------------------
--- ........... --- -.. ----
------------------
Logansport -----

...................... 

------------ -~ . -. -
------------------
------------------
-. --~ - ------------

Year 
of ob­
serva­
tion. 

1822 

1832 

1874 

1820 

1832 

1823 

1895 

1824 

1820 

1829 

1830 

1836 

1807 

1814 

1832 

1805 

1806 

Observed 
declina­

tion. 

0 I 

5 42 

5 26 

2 30 

6 08 

6 23 

6 20 

2 31 

5 55 

6 45 

5 33 

5 42 

5 35 

5 00 

6 36 

5 10 

5 50 

6 50 

Declina­
tion in 
1900. 

0 I 

1 40 

2 10 

0 40 

1 55 

3 10 

2 25 

2 15 

2 15 

2 35 

2 15 

2 20 

2 25 

1 25 

2 35 

2 00 

2 15 

3 15 

Mean of 8 stations. 

Mean of 15 stations. 

N.A.S. 

Mean of 7 stations. 

Mean of 13 stations. 

Mean of 5 stations. 

County surveyor. 

Mean of 6 stations. 

Mean of 5 s_tations. 

Mean of 8 stations. 

Mean of 10 stations. 

Silliman's Journal. 

1 station. 

Mean of 4 stations. 

Mean of 7 stations. 

Mean of 3 stations. 

Mean of 9 stations. 
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Year Observed .Ueelina-
Hcmarks. I Qounty. Town, city, etc. ofoh- declina- tion in serva-

tion. tion. )900. 

0 I 0 I 

Dearborn ------ ------------------ 1800 5 10 1 50 Mean of 11 station~ 

Decatur ..... _ .. -----· ------ ·---·- 1820 6 40 2 30 Mean of 9 stations. 

Dekalh -------- ------------------ 1832 5 00 1 4.:3 Mean of 12 Rtatious 

Delaware ------ -·---------------- 1823 6 23 2 25 Mean of 18 stations. 

Dubois ......... ------------------ 1805 6 37 3 05 Mean of 13 station~. 
Elkhart ... __ .. _ ------------------ 1830 5 27 2 05 Do. 
Fayette .. ____ .. ------------------ 1817 (j 16 2 15 Mean of 6 stations. 
Floyd. ____ .. _._ ------------------ 1806 5 27 1 55 Mean of 3 stations. 
Fountain .. ___ .. ------------------ 1822 6 50 2 50 Mean of 4 stations. 
}'rankli n .. ____ . ------------------ 1808 5 52 2 10 Mean oflO stations. 
Fulton .... _ ... _ ------------------ 1834 5 51 2 40 Mean of 7 stations. 
Gibson. ____ ---- ·----------------- 1806 6 44 3 10 Mean of 13 stations. 
Grant .. ____ .... ------------------ 1834 5 <15 2 35 Mean of 12 stations. 
Greene. ________ ------------------ 1814 7 03 3 00 Mean of 6 stations. 
Hamilton .. __ ... ------------------ 1822 5 42 1 35 Mean of 5 stations. 
Hancock_ .. ___ . ·----- ------------ 1821 6 39 2 30 Mean of 11 stations. 
Harrison .. __ . _. ·----------------- 1806 6 24 2 50 Do. 

Hendricks ...... ·----------- ·----- 1821 5 50 1 40 Do. 
Henry .. ________ '----- . ----. ---- .. - 1821 6 11 2 00 Mean of 4 s~at:ons. 

/ Howard ________ ------------------ 1844 4 36 1 45 Mean of 8 stations. 
Ilnntingtou __ .. -----------------· 1831 5 54 2 85 Mean of 7 stations. 
Jackson ...... __ ------------------ 1814 6 35 2 35 Mean of:~ stations. 
Jasper . ___ . ____ ------------------ 1834 5 45 2 35 Mean of 16 stations. 

Jay------------ ------ ------ -----. 1823 5 57 1 55 Mean of 11 stations. 
Jefferson_ .. __ .. -----------------· 1807 6 10 2 30 1 station. 
Jennings __ ... _. ------·----------· 1809 •5 34 1 50 Mean of 7 stations. 

Vern on ..... _. __ . 1895 I 46 I 1 30 County surveyor. 
Johnson._. ___ .. ------------ -----· 1821 6 00 1 45 Mean of 9 stations. 

Franklin ...... __ 1894 2 36 2 15 County surveyor. 
Knox. ____ ·----- -----------------· 1808 6 36 2 55 Mean of 10 stations. 

Vincennes .. ____ . 1880 4 22 3 05 c. &G. S. 
Kosciusko ... __ . -----------------· 1835 5 53 2 45 Mean of 16 stations. 
Lagrange ------ -----------------· 1831 5 20 2 00 Mean of 12 stations. 
Lake_. _________ -----------· --·-·· 1834 6 27 3 15 Mean of 23 sta.tious. 

Crown Point .... 1895 4 15 4 00 County surveyor. 
Laporte_. __ . ___ -----------· ------ 1833 6 00 2 50 Mean of 17 stations. 

Michigan City._. 1873 4 00 2 00 c. &G. S 

Lawrence·----· ··---------------- 1812 7 03 3 20 Mean of 5 stations. 
Madison ------- ------------------ 1822 6 03 2 00 Mean of 14 stations. 
Marion. ____ .... ------------------ 1821 5 57 1 50 Mean of 6 stations• 

~" · Indimpoli' .... 1880 2 47 1 30 C. &G. S. 

all.-----·,':·----· .... ---·---- 1833 6 14 3 05 Mean of 12 statwns. 
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County. Town, city, etc. 

Year 
ofob­
Rerva­
tion. 

Observed 
declina­

tion. 

Declina­
tion in 
1900. 

Remarks. 

------------1---1--------

Martin_ .......................... 1806 

Miami ... · ......................... 1 1840 

Monroe..... .. .. .. .. .. .. .. . . .. . . .. 1820 

Montgomery . .. .. .. .. .. .. . .. . . .. . 1821 

Morgan .... _.. . .. .. .. .. .. .. .. .. .. 1821 

Martinsville..... 1896 

Newton--·· ..................... . 1835 

1834 

1800 

1805 

Noble ........ .. 

Ohio ......... .. 

Orange ........ . 

Owen ............ _ .. _ .. .. .. .. .. .. 1814 

Parke ............................ 1820 

Perry . . . . . . . . . . . ................ . 1805 

1805 

1834 

1806 

Pike ........................... .. 

Porter ..... _ .. _ 

Posey ........ .. 

Mount Vernon ... 1895 

New Harmony. . . 1880 

I 
Pulaski .. .. .. .. .. .. .. .. .. .. .. .. .. 1834 

Putnam .. .. .. .. .. .. .. .. .. .. .. .. .. 1820 

Greencastle . . . . . 1895 

:~;~:;~~~-::::::I:::::::::::::::::: ~:~~ 
Rush ...... _ ...................... 1820 

St. Joseph ........................ 1834 

Scott ............................. 1810 

Shelby .... _ .. .. .. .. .. .. .. .. .. . .. . 1820 

Spencer ........ 1805 

Rockport ........ 1895 

Starl<e ....... .. .. ---- .. --- ... ---. 1834 
Steuben .. _ ... _. 1831 

Sullivan........ .. . . .. .. .. .. .. .. .. 1814 

Switzerland .. .. .. . . .. .. .. .. .. .. .. 1800 

Tippecanoe ....................... 1823 

Tipton .... _ .. .. .. .. .. .. .. .. .. .. .. 1843 

Union ........................ _... 1800 

Liberty .. . .. .. .. Ui95 

Vanderburg ........................... . 

Vermilion .. .. .. .. .. . .. .. . .. .. .. .. 1818 
Vigo .. _. _ .... _ ........ _____ . ____ . 1815 

Terre Haute..... 1888 

Wabash .......................... 1838 

'----------

17 GEOL, P'l' I--22 

• 

0 I 0 I 

6 88 
5 l[J 

6 34 

6 41 

6 10 

211 

6 28 

5 17 

510 

6 00 

6 40 

6 36 

6 30 

6 37 

6 38 

6 57 

3 38 

5 05 

5 32 

6 25 

2 89 

5 50 

5 55 

7 06 

5 50 

6 10 
7 00 

6 30 

3 50 
5 32 

4 58 
6 33 

510 

6 05 

4 47 
5 07 
1 30 

6 54 

6 4.4 

3 45 
5 40 

:l 00 

!J 20 

2 25 

2 25 

1 55 

1 55 

3 20 

2 05 
1 50 

2 25 

2 40 

2 25 

3 00 
3 05 
3 30 

3 20 

3 20 

3 45 

2 20 

2 15 
2 20 

1 50 
1 55 

2 55 

2 40 

2 25 

2 50 

3 00 
3 30 

2 20 

1 40 

Mean of 6 stations. 

Mean of 1!J stations. 

Mean of 4 stations. 

Mean of 7 stations. 

Mean of 13 stations. 

County surveyor. 

Mean of 15 stations. 

Mean of 12 stations. 

Mean of '1 stations. 

Mean of 7 stations. 

Do. 

Mean of 9 stations. 

Mean of 4 stations. 

Mean of 7 stat.ions. I 
Mean of 6 stations. 

Mean of 13 stations. 

County surveyor. 

C. &G. S. 

Mean of 11 stations. 

Mean of 7 stations. 

County surveyor. 

Mean of 12 stations. 

Mean of 2 stations. 

Mean of fl stations. 

Mean of 12 stations. 

Mean of 3 station~. 

Moan of 10 stations. 

Mean of 12 stations. 

County sun·eyor. 

Mean of 8 stations. 

Mean of 12 stations. 

2 35 Mean of 11 stations. 

1 50 Mean of 4 stations. 

2 05 Mean of 9 stations. 

1 50 Mean of (j stations. 

1 45 Mean of 7 stations. 

1 10 County surveyor. 

8 00 Estimated. 

2 50 Mean of 4 stations. 

2 45 Mean of 8 stations. 

3 00 C. & G,S. 

2 35 Meanof16stations. 
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Year Observed Declina-
County. Town, city, etc. of ob- declina- tion in Remarks. serva-

tion. tion. 1900. 

I 0 I 0 I 

Warren ...... ------------------ 1826 6 35 2 55 Mean of 4- stations. 

Warrick ------ -- ---- ---------- 1806 fj 37 3 00 Mean of 9. stations. 

Canal ........... 1895 3 38 3 20 County surveyor. 

·washington ... ------ -----------· 1807 6 16 2 40 Mean of 6 stations. 

w·ayne. ---- -~-- ----------------- 1809 5 10 1 25 Mean of 8 stations. 

Richmond ....... 1896 1 53 1 35 County surveyor. 

Wells ......... ----· ------------ 1826 5 57 2 15 Mean of 9 stati</ns. 

White .......... ----------------- 1831 5 55 2 35 Mean of 13 stations. 

Monticello ...... 1895 3 15 2 55 County surveyor. 

L Whitley ....... 

Reynolds ........ 1874 3 30 1 40 N.A.S. 

------------------ 1833 5 50 2 35 Mean of 8 stations: 

INDIAN TERRITORY. 

Observations for declination are very scanty, except in the western 
part of the Territory, where the lands are now being subdivided by 
the United States Geological Survey, and along the eastern border, 
where observations have been made by the Survey of the boundary 
with Arkansas. 

The reductions on account of secular variation which have been 
adopted are similar to those used in Oklahoma, and are as follows: 

Year. 

1 1890 ...... ___________________________ _ 

L
1880 .......... ----·· ........ ------ ····i 
1870 ........................ ---· -----· 

The declination is east, and the above corrections are to be subtracted. 

I Subdivisions. 

I ---

Chickasaw N 
tion. 

a- I Northeastern .•.. 

Northeast res 
vations. 

er-

ion 

I 
ChoctawNat 

Creek Nation ... 

Northwestern ... 

Southeastern .... 

Southwestern ... 

. -.. --- ------ ------
Western ........ 

-----------· ------

I 

year I 0 bserved 
of ob- declina-
s;:ro:~- tion. 

Declina-
tion in Remarks. 
1900. 

1871 I 
0 I 

9 58 
0 I 

8 20 Mean of 25 stations. 

1871 10 46 9 05 Mean of 29 stations. 

1871 10 07 8 25 Mean of 33 stations. 

1871 10 30 8 50 Do. 

1875 9 12 7 35 Mean of 12 stations. 

1895 8 16 

1896 8 38 

8 00 Mean of 28 stations.~ 
8 25 Mean of 5 stations. 

• 
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IOWA. 

'rhe data for magnetic declination consist mainly of results ti.·om sub­
divisional surveys of the General Land Office, with a few from the Coast 
and Geodetic Survey, and a number of returns from county surveyors, 
the latter being, of course, of recent date. The surveys of the General 
Land Office which are used were made between the years 1837 and 1860. 
The line of no secular variation appears to have crossed the middle of 
Iow!l> about the year 1840, so that the reductions of most of these obser­
vations to 1900 are more or less affected by this change in the secular 
variation. To reduce these observations to 1900, the following table, 
derived from series of observations taken in this State, has been used: 

\--- -;:..r-.-. ~~-~--~---,--~ Reduction. 
1 
____ Y_e_ar. ---1 Reductio~ 

''""ununul ;;, 1860uuuuuul ;.;, I 

U
880 ...... ------ .... I 1 20 1850 ................ 1 2 25 

1870 ... - - ... - - . . . . . . 1 40 1840.- - - - ... - -.. ~ . . . . 2 45 
----~--l__ -

The declination is east, and the above corrections are to be subtracted. 

~-County. Town, city, etc. 
Year Observed 
of ob- declina-
s:i~~~- tion. 

0 I 

Adair . . . . . . . . . . . . _ ........ _ ... , . . . ... _ _ ... _ .... . 

Adams . . . . . . . . . Corning.... . . . . . 1895 9 10 

Allamakee . . . . . . . . . . . . . . . . . . . . . . . 1851 9 00 

. Appanoose . . . . . Centerville .••.... 1896 8 40 

Anduhou .................................... ····[ 
Benton ........................... 1843 9 35 

Blackhawk.... Waterloo ........ 1895 7 33 

Boone . . . . . . . . . . Boone . . . . • • . . . . . ·1894 7 06 

Bremer. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . ....... . 

Buchanan ...................................... . 

Buena Vista.... . . . . . . . . . . . . . . . . . . 1855 10 36 

Bn tler . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . ........ . 

Calhoun. . . . . . . . Manson . . . • . . . . . 1894 9 25 

Carroll. . . . . . . . . . . . . . . . . . . . . . . . . . . 1853 11 30 

Cass . . . . . . . . . . . . . . . . . . . . • . • . . . • . . . . _ . _ . 

Cedar .....•..............•..••••. 1838 
Tipton ........ __ 1895 

9 03 

6 45 

Cerro Gordo ...............••.................... 

I Cherokee...... . . . . . . . . . . . . . . . . . . . 1855 12 42 L Cherokefl.... . . . . 1869 11 32 

Declina­
lionin 

' 1900, 

0 I 

8 15 

8 50 

6 35 

8 25 

8 30 

6 55 

7 15 

6 50 

7 00 

6 45 

8 25 

7 30 

9 00 

9 10 

8 15 

6 15 

6 30 

7 45 

10 30 

9 50 

Remark-• l 
Estimated. 

County surveyor. 

Mean of 18 stations . 

County surveyor. 

Estimated. 

Moan of 10 stations. 

County surveyor. 

Do. 

Estimated, 

Do. 

Mean of23 stations. 

:Estimated, 

County surveyor. I 
Mean of30 stations. 

Estimated. 

Mean of 17 stations. 

.County surveyor. 

Estimated. 

Mean of 17 stations. I 
C.&G.S. 
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Town, city,_ eto. I 
Year 
ofob­
serva­
tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 
Remark . 

I 
I 

1--------t-----------1----\~--------

Chickasaw ..... ····-- ____ ........ ·----· 

Clarke ......... ·----- ---- ---· _ ... 1895 
Clay .... _ .... - . . ... _ ....... _ . _ . . . 1857 

Gillett Grove._.. 1893 

Clay ton . . . . . . . . . ... _ ......... _ . . . 1843 

Clinton . - ... -.- - ..... --- ...... -.. 1838 

Dewitt......... . 1878 

Crawford ........................ 1854 

Dallas ........... _. _ ........... _: ..... _ 

Davis ................ -·--·· ...... 1895 

Decatur . . . . . . . . . . . . . . . . . . . . . . . . . . 1895 

Delaware ........................ 1893 

Des Moines ....................... 1839 

Dickinson...... . . . . . . . . . . . . . . . . . . 1857 

Dubuque ......................... 1839 

0 ' 

8 00 

10 56 

8 45 

8 48 

8 28 

6 30 

10 36 

8 10 

7 57 

5 25 

9 09 

12 32 

8 40 

Dubuque....... 1895 6 30 

Bmmet ....... . 

:Fayette ....... . 

Floyd ......... . 

:Franklin . _ .... . 

Fremont ...... . 

Greene ....... . 

Grundy ...... . 

1858 

1849 

Guthrie .............. ·----· ...... 1895 

Hamilton ............................ . 

Hancock ... __ . 

11 06 

7 40 

. ........ 1 

7 -!5 

Hardin .......................... 1895 8 ao 
Harrison ..... _. 

Henry. . . . . . . . . . . ... _ ..... _ . . . . . . . 1837 

Howard ...... __ ..... _ ·---·· _ .......... . 

Humboldt ........................ 1853 

Ida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1854 

Iowa .......... J ................. 1843 

Jacbon ........ I-~~~~~~~-~~::~::: ~:;: 
Jasper ................................. . 

J efi"erson . . . . . . . . . . . . . . . . . . . . . . . . . 1841 

J ohnsou.... . . . . . . . . . . . . . . . . . . . . . . 1840 

9 29 

··-·····-1 
10 02 

11 24 

9 08 

8 40 

8 19 

9 50 

9 00 

0 I 

7 00 Estimated. 

7 40 County surveyor. 

8 45 Mean of 15 stations. 

8 20 County surveyor. 

6 10 Mean of 9statious •. 

5 35 Mean of24 stations. 

5 05 County surveyor. 

8 20 Mean of 10 stations. 

7 45 Estimated. 

7 50 County surveyor. 

7 40 Do. 

5 00 Do. 

6 25 Mean of16 stations. 

10 20 Mean of 12 stations. 

5 55 Mean of20 stations. 

6 10 1 County surveyor. 

9 00 Mean of 12 stations. 

5 15 Mean of2 stations. 

7 30 Estimated. 

7 45 Do. 

8 45 no. 

8 25 Mean of 4 stations. 

7 15 Estimated. 

7 25 County surveyor. 

7 45 Estimated. 

8 00 Do. 

8 10 County surveyor. 

9 15 Estimated. 

6 35 Mean of 6 stations. 

7 20 Estimated. 

7 40 Mean of13 stations. 

9 00 Mean of 9 stations. 

6 25 Mean ofll stations. 

7 10 County surveyor. 

5 35 Mean of28 stations. 

7 30 Estimated. 

7 05 Mean of 6 stations. 

6 15 Mean of18 stations. 

6 30 Mean of 7 stations. 

6 50 Mean of12 stations. 

7 00 I County surveyor. 
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i=unty. Town, city, etc. 
Year 
ofob­
serva,.. 
tion. 

Obser,-e<l 
declina­

tion. 

Declina­
tion in 
1900. 

Remarks. 

0 I 0 I 

Kossuth........ . . . . .. .. . . . . . . ... . 1854 10 28 

Lee ............ ----------------·· ______ ---------

Linn . - .... - - - . ·I· ~~~o-~~~- :: : : : : ::: I ~:!~ I : :: 

~::~:a_ : : : ~ : : : : : :: : : :: : : : : : : : : : : : : -~~~~- ----~-~~.I 
~~~:~~~:::::::: :::: ::~ ::: ~ ~::: ::: -~~~~- --- ~~ -~~-1 
Mahaska .... __ . __ . _ ... __ . __ .. .. .. . .. _. _ _ .. ___ .. _ I 

Marion ....................... _ ........ . 

Marshall . . . . . . . Marshalltown . 1895 8 00 

Mills .. - . . . . • • . . Glen wood .. _ : _ . 

Mitchell ...... . 

Monona ..... _.. .. . . .. .. .. . . .. .. .. 1855 11 08 

Monroe ............................ ___ ....... _ .. . 

Montgomery ...... _ ... _. _ ......... __ .. . 

Muscatine...... .. .. .. .. . . .. .. .. .. 1838 

Atalissa......... 1882 
O'Brien .......... __ ....... __ . .. .. 1857 

Osceola .. .. . . • . . .. _ .. .. . . . . . . . . .. 1858 

Sibley ..... _. . . . . 1877 

Page ... _. . . . . . . .. ... , .. . . . . . . . . . . 1893 

7 57 

7 20 

11 24 

11 24 

10 50 

9 12 

Palo Alto ....................... .. 1854 11 45 

Plymouth .. ___ -[-- ............... . 

Pocahontas ..................... .. 

1855 11 53 

1855 11 40 

Rolfe .......... .. 189! 9 33 

Polk ........... Des Moines ..... . 1888 8 28 

Pottawattamie .......... _ ...... .. 

Council Bluffs .. . -~~~~. --- ~~ -~~-1 

8 10 Mean of 4 stations. 

6 00 Mean of 3 stations. 

6 00 C. & G. S. 

6 50 Mean of 8 stations. 

5 35 Meanof14stations. 

7 30 Estimated. 

9 55 Mean of 6 stations. 

8 00 Estimated. 

7 15 Do. 

7 30 Do. 

7 40 County surveyor. 

9 35 Meanof14resultsby 
county surveyor. 

7 30 Estimated. 

9 00 Mean of 4 stations. 

7 30 Estimated. 

8 30 

5 10 

6 10 

9 15 

9 20 

9 25 

8 35 

9 30 

9 40 

9 25 

9 l:O 

7 40 

9 30 

9 15 

Do. 

Mean of 15 stations. 

Nip her. 

Mean of 16 stations. 

Mean of llstations. 

C. & G. S. 

County surveyor. 

Mean of Hi stations. 

Mean of 8 stations. 

Mean of36 stations. 

County surveyor. 

C. &G. S. 

Poweshiek ...................................... 1 7 00 

Mean of 2 stations. 

Proc. Royal Society. 

Estimated. 

Ringgold. .. . .. . .. . . .. . . .. .. .. .. .. .. .. .. .. . . . .. . . 8 00 

Sac ... _ .... _ .. _ .. .. .. .. .. .. .. .. .. 1853 10 02 ; 7 40 

:~::~;::::::::: -~~~~~~-o_r_t_:::::: -~~~~- ----~-~~-~ : :~ 
Sioux ................ _ .. . .... . . .. 1856 11. 17 I 9 05 

I 
Story . . . . . . . . . . . ....... _ . .. . . . . . . . . . . . . .. ...... : 6 40 

Ames .. ___ . . . . .. . 1894 6 43 6 20 

Tama .......... Toledo···--- .... 1877 8 36 7 10 

Taylor . . .. .. . . . Bedford .. . . . .. .. 1895 9 10 8 50 

Do. 

Mean of23 stations. 

C. &G. S. 

Estimated. 

Mean of 8 stations. 

Mean of 2 stations. 

County surveyor. 

Do. 

Do. 

I 
Union .. .' ....... Afton ........... 1895 8 40 8 20 Do. _j 
Van Buren .............. _.. .. . . . . . . . . . . . .. .. .. .. 7 10 1 station. 

----'------------~~-
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Town, city, etc. 
year Observed 
of ob· declina· 
8:f~~~- tion. 

0 , 

Wapello .......................... 1844 9 49 

Ottumwa ........ 1895 7 25 

Warren ......................... - ... - ...... --- .. 

Washington ...................... 1839 9 28 

Wayne ......................................... . 

Webster .......................... 18521 1011 

Winnebago ............................. 
1 

........ . 

Winncshiek . . . . . . . . . . . . . . . . . . . . . . 1850 j 8 00 

Woodbury ....................... 1855 12 00 

/ ~ orth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

Lright ..................................... ···:. 

KANSAS. 

Declina­
tion in 
' 1900. 

0 , 
7 15 

7 10 

7 45 

6 45 

7 30 

7 50 

8 00 

5 35 

9 50 

7 45 

8 00 

Remarks. 

Mean of 6 stations. 

County surveyor. 

Estimated. 

Mean of 19 stations. 

Estimated. 

Mean of 17 stations. 

Estimated. 

Mean of 16 stations. 

Mean of 9 stations. 

Estimated. J Do. 

Observations in Kansas are derived in the main from the surveys of 
standard lines and township exteriors by the General Land Office. In 
order to obtain data for a few counties, it was found necessary to draw 
from the subdivisional surveys. A few observations have been obtained 
from the Coast and Geodetic Survey, while numerous county surveyors 
have reported the declination in 1895 and 1896. The Land Office results 
in this State appear to be of excellent quality. 

The line of no secular variation appears· to have crossed Kansas 
between the years 1840 and 1855. The earliest Land Office surveys in 

-the eastern part of the State were about the year 1855, while the latest 
ones in the western part of the State bear dates between 1870 and 1880, 
thus falling from fifteen to twenty-five years behind the line of no secu­
lar variation. The effect of the change in secular variation is hardly 
appreciable in this State, from a comparison of observations taken at 
the earliest and latest dates. The reductions to 1900, derived from 
series of observations, are as follows: 

I . -Y-ea_r_. ___ Reduction. 

0 ' 

Year. Reduction. 

0 , 

18HO.... .... .... .... 0 40 1860.... .... .... .... 2 15 

L

-18_8_0_ .. __ -_-_--_-_-_··_-_·_-_·-_·_.___ ~1-41-55-~ 1850._--_--· ·_---~ ···· __ ' "[ 1870...... .... ...... - - ··-

The declination is east, and the above corrections are to be subtracted. 
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--
Year Observed Declina-

County. 'I' own, city, etc. of ob- dec! ina- tiOlllll Remarks. scrva- tion. 1900. tion. 
--- -----

0 I 0 I 

Allen ---------- ------------------ 1867 11 30 9 35 Mean of 6 stations. 

Humboldt ....... 1878 10 05 8 50 C.&"G.S. 

Anderson ...... -----------·------ 1856 11 37 9 05 Mean of 4 stations. 

Atchison .•••••. ------------------ 1855 11 08 8 4.5 Mean of 16 stations. 

Atchi~on ------ .. 1892 8 43 8 15 City engineer. 

Barber ......... ------------------ 1873 11 45 10 10 Mean of 36 stations. 

Barton .•.•. --- .

1

. ~;~~t-~~~~-: ~:::1 1866 11 50 9 55 Mean oflO stations. 

1878 11 05 9 50 C.&G.S. 

Bourbon ......................... 1867 11 10 9 15 Mean of 6 stations. 

Brown ......... ------------------ 1855 11 40 9 15 Mean of 23 stations. 

Hiawatha ....... 1893 10 07 9 4.5 County surveyor. 

Butler _ ...•.... ------------------ 1862 11 23 9 15 Mean of 23 stations. 

Eldorado .. , ..... 1895 9 35 9 20 County surveyor. 

Chase .......... ---- .. -. -- .. -- . ----- 1856 11 40 9 15 Mean of 9 stations. 

Chautauqua .... ------------------ 1871 10 25 8 45 Mean of16 stations. 

Cherokee ------ ---·-------------- 1868 10 25 8 30 Mean of 20 stations. 

Weir ............ 1896 8 03 7 50 County surveyor. 

Cheyenne ...... ·----··----------- 1870 13 37 12 50 Mean of 19 stations. 

Clark .......... ------------------ 1871 11 50 10 10 Mean of 'J7 stations. 

Clay ....... ---- ------------------ 1857 12 30 10 10 Mean of 16 stations. 

Clay Center ..... 1895 9 59 9 40 County surveyor. 

Cloud .. __ ..... _ ------------------ 1858 13 12 10 50 Mean of 12 stations. 

Coffey --------- -------- ---------· 1856 12 26 10 10 Mean of 5 stations. 

Burlington ... _ .. 1895 9 31 9 15 County surveyor. 

Comanche ...... -----·-----------· 1871 12 00 10 20 Mean of 33 stations. 
Cowley •... ____ Winfield ........ 1895 9 15 9 00 County ·surveyor. 

Crawford ...... -........ -.. - -- - ~ ... --- 1867 12 03 10 05 Mean of 2 stations. 
Decatur .... ____ ··---------······· 1864 13 30 11 30 Mean of 7 stations. 

Dickinson._ .... -------- ---·------ 1856 11 50 9 30 Mean of 10 stations. 

Abilene ...•..... 1895 10 00 9 45 County surveyor. 

Doniphan ...... ---- .. ---- ........... -- 1855 11 20 9 00 Mean of 12 stations. 

I Troy ............ 1895 9 54. 9 35 County surveyor. 

Douglas ........ Lawrence ....... 1878 9 52 8 35 C.&G.S. 

Edwards ....•.. ------ ---·-----··· 1871 12 05 10 25 Mean of 12 stations. 

Kinsley ......... 1895 10 46 10 30 County surveyor. 

Elk ..•..•...... -·--·---------·--· 1867 11 27 9 30 Mean of 7 stations. 

Moline ...... ____ 1895 9 10 8 50 County surveyor. 

Ellis ........... ··---- ----------·- 1868 12 10 10 20 Mean of 18 stations. 

Ellis ............ 1872 12 25 10 45 C.&G.S. 

Hays ------··--- 1895 11 20 11 00 County surveyor. 

Ellsworth .. _ ... ·---------··------ 1859 12 38 10 20 Mean of 7 stations. I 
Ellsworth ....... 1895 10 17 10 00 County surveyor. 
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ear y 
of 
se 
ti 

Town, city, etc. ob-
r,~a-

Oil. 

Finney.... . . . . . . . . . . . . . . . . . . . . . . . 18 

J!'ord ........ :. . . . . . . . . . . . . . . . • . . . 18 

Dodge ....•..... 18 

Franklin ................•........ 18 

Garfield.... . . . . . . . . . . . . . . . . . . . . . . 18 

Geary.... . . . . . . . . . . . . . . . . . . . . . . . . 18 

Junction City . . 18 

-

70 

72 

95 

56 

70 

57 

88 

69 Gove...... . . . . . . . . . . . . . . . . . . . . . . . 18 

Graham . . . . . . . . . . . . . . . • • • . . . . . . . . 18 

Grant . . . . . . . . . . . . • . . . . . . . . . . . . . . . 18 

Gray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

67 

Cimarron . . . . . . . 18 

Greeley • . • . . . . . . . . . . . . . . . . . . . . . . . 18 

Greenwood.... . . . . . . . . . . . . . . . . . . . 18 

Eureka .......... 18 

Hamilton . . . • . . . . . . . . . . . . . . . . . . . . 18 

Harper. . . . . . . . . . . . . . . . . • . . . . . . . . 18 

Anthony . . . . . . . . 18 

Harvey . . . . . . . . . . . . . . • . . . . . . . . . 18 

Newton ......... 18 

Haskell ...........•............. 18 

Hodgeman . . . . . . . . . . . . . . . . . . . . . 18 

Jetmore . . . . . . . . . 18 

J aekson . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

73 

72 

95 

72 

67 

95 

72 

76 

96 

57 

95 

73 

70 

95 

55 

Holton .......... 18 95 

Jefferson . ' . . . . . . . . . . . . . . . . . . . . . . . 18 

Jewell . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

55 

62 

Jewell ..•....... 18 94 

J ohuson. . . . . . . . . . . . . . . . . . • • • • . . . . 18 5G 

71 

69 

Kearney. . .. . . . . . . . . . . . . . . . . . . . . . . . 18 

Kingman . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Kiowa ...•....................... 1 869 

La bette . . . . . . . . Parsons . . . . . . . . . 18 80 

Lane ............................ . 1870 

Leavenworth .................... . 1855 

Ft. Leavenworth 1858 

Lincoln ......................... . 1859 

Linn . . . . . . . . . . . . .••.........••... 1856 

Mound City ..... 1895 

1870 

1856 

1888 

Observed 
declina-

tion. 

0 I 

12 35 

11 48 

10 30 

11 28 

12 40 

12 10 

10 05 

13 25 

12 50 

12 27 

12 25 

10 43 

12 53 

11 30 

9 32 

12 45 

10 50 

9 50 

11 47 

10 05 

12 22 

I 12 06 

11 10 

11 46 

9 37 

10 53 

12 28 

10 40 

10 30 

12 48 

11 30 

12 05 

9 33 

12 50 

11 20 

11 00 

12 30 

11 20 

8 26 

13 10 

12 25 

10 08 

Declina-
t,ion in 
1900. 

0 I 

10 50 

10 15 

10 15 

9 00 

11 00 

9 50 

9 15 

11 40 

11 00 

10 GO 
10 45 

10 25 

12 00 

9 25 

9 15 

11 00 

9 10 

9 35 

9 25 

9 50 

10 50 

10 20 

10 55 

9 20 

9 20 

8 30 

10 15 

10 20 

8 05 

11 10 

9 40 

10 15 

8 20 

Re marks. 

Mean of 1 5 stations. 

7 stations. 

nrveyor. 

Mean of 

County s 

Mean of 

Mean of 

Mean of 

4 stations. 

8 stations. 

2 stations. 

C.&G.S 

Mean of 

Meanof1 

12 stations. 

:)stations. 

8 stations. 

5 stations. 

Mean of 

Mean of 

County s 

Mean of1 

nrveyor. 

3stations. 

I stations. Meanof2 

County s urveyor. 

4 stations. 

1 stations. 

Meanofl 

Mean of2 

County s urveyor. 

Mean of 5 stations. 

urveyor. County s 

Meanofl 3 stations 

9 stations Mean ofl 

County s nrveyor . 

.Mean of 5 stations. 

County s nrveyor. 

Mean of 

Mean ofl 

4 stations. 

4 statioll3. 

urveyor. County s 

Mean of 9 stations. 

8 stations. 

4stations. 

Mean of 

Meanof2 

Mean of 30 stations. 

Nipher. 
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~County. Town, city, etc. 

Year 
ofoh­
serva­
tion. 

--------1--------1 

1\Ic Pherson ..... 

~I arion ........ . 

Marshall . : ..... 

Meade ....... . 

Miami ....... . 

Mitchell ..... " .. 

1858 

McPherson . . . . . . 18014 

Marion ......... . 

1857 

18!!3 

1855 

Marysville . . . . . . 1895 

1873 

Meade .......... 1896 

1856 

1862 

Montgomery . . . Cherryvale . . . . . . 1895 

Morris . . . . . . . . . . . . . . . . . . . . . . . . . . . 1856 

Morton......... . . . . . . . . . .. . . . . . . . 1874 

Nemaha ...............•.......... 1855 

Neosho.: ......................... 1867 

Ness •.......... 186!! 

Ness City: ...... 18!!5 

N urton. . . . . . . . . . . . . . . . . . . . . . . . . . . 1865 

Osage . . . . . . . . . . . . . . . • . . . . . . . . . . . . 1856 

Lyndon . . . . • . . . . 1895 

Osborne. . . . . . . . . . . . . . . . • . . . . . . . . . 1864 

O'S borne. . . . . . . . . 1895 

Ottawa ....... . 

Pawnee ....... . 

1858 

1867 

Larned.......... 1893 

Phillips . . . . . . . . . . . . . . . . . . . . . . . . . . 1859 

Phillipsburg . . . . 1895 

.Pott:twatomie .. 1855 

Westmoreland. . . 1895 

Pratt . . . . . . . . . . Pratt . . . . . .• . . . . 1895 

]:{awlins. .. . . . . . . . . . . .. . . . . . . . . . . . 1870 

Reno .......... . 

Republic.·: ... . 

Rice .......... . 

Riley· ......... . 

Rooks, ........ . 

1859 

Hutchinson . . . . . 1895 

Lyons .......... . 

Manhattan ..... . 

Stockton ....... . 

1868 

1866 

18!!5 

1856 

18!!5 

186::> 

1895 

I :ush .. ~-~-------~-·~-ec_:_:_=_~e_e_~_: :_:_:_:_: --': -~~~~ 
1 

Observed 
declina­

tion. 

Declina­
tion in 
1900, 

Remarks. 

0 c 

12 26 

9 56 

11 53 

9 57 

11 50 

9 19 

11 55 

11 10 

11 48 

12 50 

8 28 

11 45 

12 20 

11 20 

12 03 

12 40 

11 22 

13 oo 
12 48 

9 2!! 

12 09 

10 58 

12 00 

12 30 

10 56 

13 23 

10 58 

12 00 

9 08 

10 24 

13 20 

12 25 

!l 50 

12 03 

11 55 

10 03 

11 50 

10 09 

12 50 

11 13 

10 22 

12 10 

10 05 

9 35 

!l 35 

Mean of 12 stations. 

County surveyor. 

MP-an of12 stations. 

9 30 County surveyor. 

!l 25 Mean of18 stations. 

9 00 Count.y surveyor. 

10 20 I Mean of f) stations. 

10 55 Count-y surveyor. 

9 20 

10 40 

8 10 

!l 20 

10 50 

8 55 

1005 

10 50 

11 05 

11 00 

10 20 

9 10 

10 10 

10 40 

9 40 

10 30 

Mean of 4. stations. 

Mean of !l stations. 

County surveyor. 

Mean of 8 stations. 

Mean of 15 stations. 

Mean of22 stations. 

Mean of 3 stations. 

Mean of J.!l stations. 

County surveyor. 

Mean of 14 stations. 

Mean of 3 stations. 

County surveyor. 

Mean of 12 stations. 

Cou~ty 'surveyor. 

Mean of 9 stations. 

Mean of 12 stations. 

10 30 County surveyor. 

11 10 Mean of 18 stations. 

10 40 County surveyor. 

9 35 Mean of 11 stations. 

8 50 County suryeyor. 

10 05 Do. 

11 35 Mean of 17 stations. 

10 05 Mean of 9 stations. 

9 30 County surveyor. 

9 45 

9 50 

9 45 

9 30 

!l 50 

10 50 

10 55 

10 05 

10 55 

Mean of !l stations. 

Do. 

County surveyor. 

Mean of 8 st:Ltions. 

County surveyor. 

Mean of 15 stations. I 
County surveyor. 

Do. . . I 
C.&G.S. ~ 
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County. 

-~--

ussell ·-------R 

s aline __________ 

s 
s 

s 
s 
s 
s 

s 

s 

cott ----------
edgwick ------

eward ---- ____ 
hawnee _______ 

heri<lan __ .... _ 
herman ______ . 

mith .......... 

tafford ______ .. 

tan ton ___ .. ___ s 
s 
s 
T 
T 

w 

tevens ....... _ 
umner ________ 

homas --------

rego ----------
abaunsee ... __ 

w allace .. _ ... __ 

w 

w 
w 

ashington .. __ 

ichita -------
ilson .... _____ 

"' r oodson ...... _ 

1-"=" yandotte ..... 

Year Observed 
Town, city, etc. ofob- declina-serva-

tion. tion. 

-·· -----

0 I 

------------------ 1866 12 00 

------------------ 1858 12 15 
Salina ---------- ......... ---- .. ----

------·----------- 1870 13 05 

------------ .......... 1859 11 50 

Wichita .... _---- 1895 10 30 

----------------·· 1874 11 54 

-- .. --- . -- .. -.. ------ 1856 12 45 

------------------ 1869 

I 

13 22 

----------------- 1871 13 15 
Goodland ___ .. __ 1888 12 24 

·---· ------ 1862 13 15 

Smith Center .... 1895 11 39 

-------------- .. --- 1866 11 31. 

St. John ....... _ 1896 10 30 

.... -- .. ---.- --- .. -- 1873 12 36 

--------------·--- 1874 12 18 

------------------ 1871 11 20 

------ ·----------- 1870 13 17' 

-----------------· 1868 12 55 

------------------ 1856 11 44 
Alma ............ 1892 10 04, 

------------------ 187!0 13 00 
"Tallace .... _ .... 1872 13 18 

------------------ 1856 11 57 
Washington_ . ___ 1896 10 37 

------------------ 1870 13 17 

------------------ 1867 11 14 

------------------ 1867 11 48 
Yates Center ____ 1895 9 20 

------------------ 1855 11 13 

KENTUCKY. 

Declina-
Remark:--l tion in 

1900. I 
----

0 I 

10 00 Mean of 15 stations. 

9 55 Mean of 9 stations. 

10 35 County surveyor. 
Mean of 228 re-
suits. 

11 20 Mean of 15 stations. 

9 30 Mean of 12 stations. 

10 10 County surveyor. 

10 25 Mean of 13stations. 

10 20 1 station. 

11 40 Mean of 10 stations. 

11 30 Mean of 13 stations. 

11 40 C.&G.S. 

11 05 Mean ofll stations. 

11 20 County surveyor. 

9 35 Mean of 4 stations. 

10 15 County surveyor. 

11 00 Mean of 15 stations. 

11 35 Mean of 8 stations. 

9 40 Mean of 29 stations. 

11 30 Mean of 23 sta.tions. 

11 00 Mean of 15 stations. 

9 20 Mean of 9 stations. 

I 
9 35 County surveyor. 

11 20 Mean of 15stations. 

11 40 N.A.S. 

9 30 Mean of 19stations. 

10 20 County snrv~yor. 

11 30 Mean of 8 stations. 

9 20 Mean of 12 stations. 

9 55 Mean of 7 stations. 

9 00 County surveyor. 

I 
8 50 Mean of 7 stations. 

Observations for magnetic declination in Kentucky are very scanty, 
only 39 counties out of 119 being represented. These observations are 
from returns of county surveyors by the United States CoaEtt and Geo­
detic Survey, with a few from mit$cellaneous sources. Nearly all of 
them are of recent years, none being earlier than 1859, the date of a 
few which were observed in connection with the survey of the southern 
boundary of the State. 
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They have been reduced to 1900 by the application of corrections 
derived from series of observations in this State and Tennessee. They 
are set forth in the following table: 

I -Y-ea_r_. ---I-R_e_d_:_ct-:o_n_. ____ Y_ea_r_. ----I-"':'";" I 
I 189L.. ...... ...... 0 40 1860...... .... .. .... 2 10 I 

1

1880 ............ c ... 

1 

1 25 ~ 1850: ............... 
1 

i£J 
1870...... ...... .... 1 40 1840 ................ ! 0 

----- ---"-------------'--

The line of zero declination crosses this State. East of it the decli­
nation is west and is distinguished by the letter W. West of it the 
declination is east and is distinguished by the letter E. The above 
corrections are to be added to west declinations and subtracted from 
east rleclinations. 

Town, city, etc. 
Year 
ofob­
serva­
tion. 

Observed 
declina­

tion. 

0 I 

Adair ......................................... .. 

Allen ....................... : .................. . 

Anderson .. .. .. Leathers Store .. 1894 1 51 E. 

Ballard _ ...................................... .. 

Barren......... Cave City....... 11l75 5 55 E. 

~::lh.:: ::::::::: . :::::::::::::::: ::~::: j::::: :::: 
Boone ......................................... .. 

Bourbon ......................... --~--- ....... .. 

Boyd .......................................... .. 

Boyle.......... Danville .... .. .. 1889 2 02 E. 

Bracken __ .... ............ # ............................................. .. 

Breathitt. .................................. - ... 

Breckinridge.:. Hardinsburg.... 1895 2 15 E. 

Bullitt ......................................... . 

Butler .. .. . .. .. . .. . .. .. . .. . .. .. .. 1895 1 _30 E. 
Caldwell ...................................... .. 

Calloway ...................................... . 

~::!~:1_1_:: ~~:~I::::~::::: :::: :::: :::::: :::: : :::: 
CarrolL ....................................... .. 

Carter _.... .. .. . .. .. . .. .. .. .. .. .. 1896 1 30 W. 

Grayson.... . .. .. 1881 1 28 E. 

~::::t~~~-:: :::: -~~~;t~~::: :: ~::: · ~~;~- 1 - ~- ~~ -~:-

Declina­
tion in 
1900. 

0 I 

2 15 E. 

3 30 E. 

1 30 E. 

4 30 E. 

4. 25 E. 

0 30 E. 

0 30 E. 

1 30 E. 

0 45 I;, 

0 30W. 

1 20 E. 

0 30 E. 

0 15 E. 

2 00 E. 

2 15 E. 

1 15 E. 

4 15 E. 

5 35 E. 

1 00 E. 

4 30 E. 

2 00 E. 

145W. 

0 10 E. 

2 00 E. 

4 45 E. 

· Estimated. 

Do. 

County surveyor. 

Estimated. 

N.A. S. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

C. & G. S. 

Estimate:. 

Do. 

County surveyor. 

Estimated. 

County surveyor. 

Estimated. 

Mean of 2 stations. 

Estimated. 

Do. 

Do. 

County surveyor. 

C. &G. S. 

Estimated. 

N. A. S. 
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~ ~~ ----C-onn_t_y __ ---~---T-own--.-c-it_y_,-et_c __ --~J-~-b-:~od-~-~-~~-:-~-,-~-~-~-li~~-;--·-,-----R-e-m--a--rk~ 
•:;~:~- tion. 1900. s. I 

1---------- ------------- ---- ---- ---- --------------
0 ' 0 ' 

Clark .............. -- 'Vinchester ..... - ... 1895 2 28 E. 2 10E. County surveyor. 

Clay.----·---- 0 30 E. Estimat01l. 

Clinton . . . -. -- .............. - . . . 1859 4 30K 2 20E. Boundary survey. 

Crittenden.----------._ ..... ------ .... :. 4 OOE. Estimated. 

Cum berland ... 2 30E. Do. 

Dadess ------- ------ ............ _____ _ 3 30E. Do. 

Edmonsott ·----~------------------ ·----- ....... .. 3 00 E. Do. 
Elliott ___ ...... ' .... ________ . - . . ___ ... _. ___ . _ .. 0 00 Do. 
Estill ........... ______ .. _ .. _ ..... ___ ..... ______ . 0 4:JE. .Do. 
Fayette .... ---. ------. _____ ... ___ . ____ _ 1 15 E. Do. 

Fleming __ ...... Flemingsburg... 1881 1 45 E. 0 25 E. C.&G.S. 
Floyd . ___ ......... __ . _ ........... ___ .. __ ... ____ _ 0 15W. Estimated. 

J Franklin ... _ _ _ _ . __ ....... _ . _ . _ _ _ _ .•.. ____ . 1 30 E. Do. 
Fulton_ .. ~. _... .. .. ________ .... ________ _ 5 00 E. Mean of 3· statio us. 

Hickman .... ---- 1895 5 04 E. 4 45 E. County surveyor. 
Gallatin ..... _ .. 1 30E. Estimated. 
Garrard ... __ . __ 115 E. Do. 
Grant .......... ------ ... _________ ..... . ----- -- -.· 2 15 E. Do. 

Graves. ____ ---- Mayfield---- .... 1881 5 13 E. 3 50 E. C.& G.S. 

Grayson_... . . . . Litchfield. . . . . . . 1881 3 20 E. 2 00 E. Do. 

Greene_ .... ---- --·--- ______ .......... :.1---- .... . 
Greenup ....... ------------------ ............. .. 

2 30 E. Estimated. 

0 30W. Do. 

Hancock....... Patesville....... 1893 4 40 E. 4 lOE. County surve~·or. 
Hardin ... _ ....... ___ . . . . . . . . . . .. . . .... ___ . 2 30 E. Estimated. 

::;~;;~~::::::: -~-;~~~~~~~- ::::::t-~~~;- ·;·;~-~:- 0 15 E. Do. 

1 10 E. C.&G.S. 
Hart ..... ------ ........................ ____ ... .. 2 30E. Estimated. 

::::~~~~~-:: ::: -~~~~~~~~~:::::: -~~~~-~-~-~~ -~:. 4 00 E. County surveyor. 

2 00 E. Estimated. 
Hickman ....... Clinton _________ 1895 4 45 E. 4 30 E. County surveyor. 
Hopkins ....... Madisonville .... 1881 5 06E. 3 45 E. C.&G.S. 

Jackson .... - -- - 1 • - - •• - - .. - - - - - - - - - - - - - - - - - - - - --- - 0 45 E. Estimated. 
Jefferson_ . . .. . . _______ . _______ .. . .. _ ... 2 15 E. Do . 
. Jessamine...... Nicholasville . . . . 1875 2 48 E. 15 E. C.&G.S. 
Johnson ... _---- . _. _________ . __ . __ . __________ .•.. 0 15 w. Estimated. 
Kenton ..................... ______ ...... ____ ... .. 1 15 E. Do. 
Knott .................. _. _. _ ..... __ ........ __ ... 0 00 Do. 

Knox .......... --------------------------------- 0 00 Do. 

Larue .......... ------------------1--------------- 2 30E. Do. 

Laurel. ____ --- .I ......... ---------~~- ... -- ___ . _ .... 0 45 E. Do. 

Lawrence------!------ ............ ------~~=-~~~w._ Do. 
_____ I 
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I 

County. Town, city, etq. 
J~b~ Observed 

declina-
~j~~- tion. 

Lee------·----- ·----------- ______ I _____ _ 

------ ·----·------1------Leslie ...... ----

Letcher-------· 

Lewis ...... ---··----·----·------------· 
Lincoln ____ ----~ Stanford ________ 1881 
Livingston ___ .. _____ .. _______________ _ 

Logan . ---- ---. __ . __ .. _____ . ____ _ 
Lyon __ ........ ____ _ : . __________ _ 

McCracken. . . . . Paducah .•.. _ _ _ _ 1865 

McLean.... . . . . Sacramento . . . . . 1894 

0 ' 

4 15 E. 

6 45 E. 

4 45 E. 

Madison .... -- ___ .... _____ ... ---- .•. __ . ----. ----

Declina­
tion in 
1900. 

0 ' 

0 30 E. 

0 15 E. 

0 00 

1 00 E. 

2 55 E. 

5 40 E. 

4 00 E. 

4 00 E. 

•1 50 E. 

4 20 E. 

1 00 E. 

Magoffin ....... ______ . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 00 

Marion ......... Lebanon ........ 
1 

1881 , 3 45 E. 2 25 E. 

Marshall ........................ ·I·..... . . . . . . . . . 4 15 E. 

Martin .................. ___ ------ ...... ---- ..... 0 30 W. 

Mason ---- ..... Maysville.------ 1894 0 18 W. 0 40 W. 

Meade--------- HraU<lenburg .... 1895 515E. -155E. 
Menifee ____ ........ ________ .. ____ ........... ____ 0 30 E. 

Mercer ......... ------------------ ______ ......... 130E. 

Metcalfe ..... :.------------------ ...... --------- 2 30E. 
Monroe ......... ______ ...... ______ 1895 2 25 E. 2 15 E. 

·Montgomery ............. , .............. ----.----1 0 30 E. 
:Morgan ......................................... 0 00 

Muhlenberg.... Central City.... 1886 3 36 E. 2 40 E. 

Nelson ......................... .. 

Nicholas ............. ------------
Ohio ...... , ...... __ .... __ .... __ __ 

Oldham .............. __________ __ 

Owen ....... __ .... ______________ _ 

Owsley ......... __________ .. ____ __ 

Pendleton...... Tur ...... __ ..... -1896 

Falmouth....... 1872 

Portland . . . . . . . . 1875 

---------
---------
---------
--·------
---------
---------
l 05 E. 

3 22K 

3 38 E. 

2 15 E. 

0 30 E. 
3 30 E. 

2 15 E. 

1 30 E. 

0 30 E. 

0 50}<~. 

1 ·15 E. 

2 05 E. 
Perry· ... _ ... _ ... ___ .... ___ ... _. _ .. _.... . . .. . . .. . 0 15 E. 

Pike ........... ------------------ ............... o :;ow. 

=:::~i·:::~:::: :::::::::::::::::: :::::: ::::-: ::::1~ :~ ~: 
Robertson ........... _ ............................ 0 30E. 

I ::~a:~~l-~::::: _ ~-i~~~~-s-t~~~ :::::: . ~~~~. _ ~. ~~ -~: _
1 

~ ~~ E. 

Remark~ 

Estimated. 

Do. 

Do. 

Mean of 3 stations. 

C.&G.S. 

Mean of 3 results 
hy C. & G.S. 

Estimated. 

Do. 

C. & G. S. 

County Hurveyor. 

Estimated. 

Do. 

C. & G. S. 

Estimated. 

Do. 

County surveyor. 

Do. 

Estimated. 

Do. 

Do. 

Mean of 5 results. 

Estimated. 

Do. 

C. &G. S. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

C. &G. S. 

N. A. S. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

C. &G. S. 

Estimated. 
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Year Observed 
of ob- <leclina-
s;i~~~- tion. 

Town, city. etc. 
Declina­
tionin 

HlOO. 

0 I 0 I 

RusselL _ _ _ __ _ __ _ ..... __ .... -.. _ - - . _ __ _ _ __ ______ _ 
Scott _ _ _ _ _ _ __ _ _ _ _ _____________ .. __ _ _ . __ _ __ .. ___ . _ 

Shelby __ __ __ __ _ Shelbyville __ .... 1871 3 02 E. 

I 
Simpson ______ .. ____ .. ____ .. .. .. .. 1859 7 20 E. 

~~;~:;r_:::::::: :::::: :::::: :::::: :::::: ::::: :::: 
ToucL __ __ _ __ __ _ Guthrie .. __ ... - . 1875 6 45 E. 

Trigg __ .. __ ...... _______ . ____ .. -- 1859 6 48 E. 
Trimble ____ .... __________ .. __ ....... ___ .. ___ ... _ 

Union __ . _____ --~- _______ . _____ .. _ _ _ _ _ _ _ _ __ _____ . _ 

Warren .. .. .. . . .. .. __ .... .. .. .. 1896 5 00 E. 

Oakland . __ . __ .. 1871 6 15 E. 

2 00 E. 

1 15 E. 
1 25 E. 

5 10 E. 
2 OOE. 
2 15 E. 

5 15 E. 
4 35 E. 

2 00 E. 

<115 E. 

4 45 E. 

4 35 E. 
Washington .... ________________________ --------- 2 OOE. 
Wayne _ .. __________ . ____ .. ____ . ________ . __ __ __ __ 1 30 E. 

·webster ........ Providence ______ 1895 4 30 E. 

Whitley ........ Williamsburg ... 1873 2 04E. 
'Volfe __ .. . . .. . . ________ .... __ ... _ __ ... _ __ . _ . __ . _ 

4 20 E. 

0 30 E. 

0 30 E. 

Woodfortl ...... , .... ____ .... ------ ............... 
1 

1 30 E. 

LOUISIANA. 

Remark~ 

Estimated. 

Do. 

C. &G. S. 

Bounclary survey. 

Estimated. 

Do. 

N.A.S. 

Boundary survey. 

Estimated. 

Do. 

County surveyor. 

C.&G.S. 

Estimated. 

Do. 

County surveyor. 

N.A.S. 

Estimated. I 
Do. 

Observations in Louisiana are derived in the main from the subdivi­
sional snrv.eys of the General Land Office, with a few returns from 
parish surveyors and scattering data from other sources. The Land 
Office surveys are of date between 1835 and 1880, and appear to be of 
fairly good quality. 

The line of no secular variation appears to have crossed Louisiana 
about 1830, and thus many of the Land Office observations are compli­
cated with the change in secular variation. They have been reduced 
to the epoch 1900 by the application of the figurP.S given in the follow­
ing table, derived from series observed within the State: 

l_v_o_a_r __ · ____ n_e_u,_w_t'_·o_n. 

1- 01 

1

1890 ... _- ........ ----

1880 .. ---- ----------

1

1870-- .. --. - ---- -- --

1860 .... ----.-------

0 30 

1 00 

1 30 

2 10 

____ Y_e_a_r_. -neduct~n~r 

1850 _ _ __ __ _ __ _ __ __ __ ~ ;() I 
1840-- -- -- -- . -- . -- -- 2 30 

1830 •••. ---- -----· --~ :J 
Tl1e declination is east, and the above corrections are to be suotracted. 
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·-

Year Observed r-:ri., t Town, city, et c. of ob- declina-serva-

~cadi:t ......... ~--_-_-_-_ ----------.. -.--

Ascension ...... ···-----------

Assumption .. - .. _____ ... __ ... 

A voyellcs . _ ... - .. __ .... _. _. __ 

Bienville . __ .. - .......... __ .. _ 

Bossier ... _ .. - - . . . _ . _ ... ___ : . _ 

Caddo .. _ .... --. Shreveport._ 

Calcasien .. _ .... , ....... _ .... . 

Caldwell .. ____ .. ·----. _ ---- .. 

Cameron··-----·----------··· 
Catahoula. __ .... ____ .. ____ .. . 

Claiborne . ____ ... ___ ... _. _ .. . 

Concordia. ____ .. ____ .. __ .. _ . _ 

DeSoto---· .... ·----··----· .. 

l<Jast Baton 
Rouge. 

East Carroll .... 
Baton Ro~ge 

Lake Provide 

East Feliciaua .. 0 ••••• 0 ••••••• 

Franklin ....... ·---·· .... ___ _ 

Grant·----- .......... --- _ ... . 
Iberia. _ . __ . . . . . _ ...... __ . _ . _ . 

Iberville ... _ . . . . ...... _ ..... . 

Jackson .. __ .... -----· -----· .. 
Jefferson .. __ ... ______ . ___ ... _ 

Lafayette ...... -·--·- .......• 
Lafourche. ____ .. __ .... __ ... 0. 

Lincoln _ ... ___ . __ .•. _ .... _ .. . 

Livingston_ .......... ___ .... _ 

Madison ........ ---- __ .... ----
Morehouse ..... ·----- .. ____ .. 

Natchitoches.-- Natchitoches 
Orleans __ . . . . . . . _____ . __ ..... 

New Orleans 
Ouachita. _____ . ____ .• o ••••••• 

Monroe ..... 

Plaquemines ........ 0 •• _. 0 ••• 

PointeCoupee ........ ·-------
Rapides ....•••. ••o•o• ------ __ 

tion. tion. 

----11859 
0 I 

8 23 
I 

le847 8 22 

---·1 1896 6 00 

i I ____ ; 1843 8 38 

---- 1850 8 33 I 

---- ·----- ---------
---- ------ ---------
---- 1888 7 24 

---- 1867 8 20 

---- 1842 8 40 

---- 1841 84! 

---- 1844 8 38 

---- ------ --------
---. 1837 8 32 

---- . ----- • •••••••• 1 

f854 8 06 
---- 1896 6 00 

---- 1872 7 00 

---· 1846 8 10 

nee 1894 6 30 

---- 1853 8 00 

---- 1838 8 28 

---- ------ ---------
---- 1846 8 40 

---- 1849 8 28 

---- ·-----1---·----
---- 1847 I 8 20 

---- 1852 8 20 

---- 1845 8 30 

---- 1895 7 00 

---- ..•••• l •• ooooooo 

---- 1838 8 25 

..... 1854 8 25 

---- 1895 7 05 

---- 1867 7 36 

---- 1870 7 00 

---- 1848 8 30 

---- 1872 7 36 

---- 1852 8 23 

---- 1852 8 35 

---- 1873 8 19 

Remark~ Declina-
tion in 
190u. 

0 I 

6 15 . Mean of 14 stations. 
6 00 Mean of 3 stations. 

5 45 Mean of parish by 
parish surveyor. 

6 15 Mean of22 stations. 

6 15 Mean of 18 stations. 

6 40 F.stimated. 

6 50 Do. 

6 50 C. &G. S. 

6 40 Mean of35 stations. 

6 10 Mean of 3 stations. 

6 15 Mean of7 stations. 

6 15 Mean of20 stations. 

6 30 Estimated. 

6 00 Mean of 8 stations. 

6 50 Estimated. 

6 00 Mean of25 stations. 

5 45 Mean of parish by 
parish surveyor. 

5 35 C.&G. S. 

5 45 Mean of 7 station<. 

6 15 Parish surveyor. 

5 45 Mean of 7 stations. 

6 00 Mean of 12 stations. 

6 30 Estimated. 

6 15 Mean of25stations. 

6 10 Mean ofll stations. 

6 30 Estimated. 

5 55 Mean of 12 stations. 

6 00 Do. 

6 05 Mean of 50 stations. 

6 45 1 station. 

5 50 Estimated. 

5 55 Mean of 15 stations. 

6 10 Mean of 23 stations. 

6 50 Parish surveyor. 

5 55 Mean of 5 stations. 

5 30 C. &G. S. 

6 10 Mean of 5 stations. 

6 10 N. A. S. 

6 00 Mean of 16 stations. 

6 15 Do. I 
7 00 Mean of 6 stations. I 
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~-------,--------------,----,-------~------,-------

1 Parish. Town, city, etc. 
Year 
ofob. 
serva­
tion. 

Observed 
declina­

tion. 

v ' 
Rapides . . . . . . . . Alexandria . ____ . 1872 7 45 

:::h~~-(~~·:: :.: :· :::::: :::::: ::::: }~~~~- ---- ~ ·;;-
Sabine _____ . _ _ _ _______________ .. 1895 6 30 

St. Bernard. _ _ _ . _____ . _____ . _ _ _ _ _ 1857 7 36 

~:: ~~~:~:~.::::- :::::::::: :~:::::: -~~~~- ----~-~~-I 
St.James ------ ------------------{~~:~ : ~~ 

St. John the ------------------{1848 
Baptist. 1896 

St. Landry_·--- --- _______ •••. ____ 18M 

St. Martin ______ ------ ...... ·----- 1855 
St. Mary ....•. ____ .. _. __ .. _ .. __ .. 1845 

Morgan _ _ _ _ _ _ _ _ _ 1886 

St. Tammany_._ .. ____ ........ ____ 1848 

('ovington _____ . 1895 

! Tangipahoa ........ ______________ 1840 

Chappeau ____ ... 1895 

Tensas .. _. _____ ........... ______ . 1839 

Terre bonne_ . __ _ 1843 

Union ......... . 

Vermilion . __ .. _ 1847 
Vernon ________ ---··· ........ ____ 1877 

iV ashington . __ _ 

Webster------· 

West Bat(>U 
Ronge. 

1845 

Minden .... ___ .. 

1

1895 

184<1 
······--··-------- {1896 

8 33 

6 00 

8 34 

8 10 

8 46 

6 30 

7 52 

5 45 

7 57 

6 00 

8 20 

8 50 

8 37 

7 40 

7 55 

8 30 

. 8 34 

6 40 

West Carroll . . . . ...... _____ . . . . . . 1855 8 22 

West Feliciana ..... ---· ____ ------ 1852 8 04 

iVinn ------ ... _ ......... ___ -----· ------! .. _ •••••. 

MAINE. 

Declina­
tion in 
1900. 

0 I 

6 25 

6 40 

5 55 

6 15 

5 20 

5 55 
5 40 

6 05 

5 45 

6 10 

5 45 

Remarks. 

N.A. s. I 
Estimated. I 
Mean of 17 stations. 

1 station. I 
Do. 

Mean of 4 stations. 

Estimat.ed. 

Mean of 11 stations. 

Mean of parish by 
parish surveyor: 

Mean of 6 stations. 

Mean of parish by 
parish surveyor. 

6 20 ~Iean of 52 stations. 

6 05 Mean of 18 stations. 

6 20 Mean of 23 stations. 

5 45 C. & G. S. 

5 30 

5 30 

5 25 

5 45 

5 50 

.6 25 

6 20 

6 10 

6 30 

5 30 

8 15 

6 10 

6 25 

6 05 

5 25 
6 30 

Mean of 32 stations. 

Parish surveyor. 

Mean of 13 stations. 

Parish surveyor. 

Mean of16 stations. 

Mean of62 stations. 

Estimated. 

Mean of30 stations. 

Mean of 4 stations. 

Mean of 20 stations. 

Parish surveyor. 

Mean of 6 stations . 

Mean of parish by 
parish surveyor. 

Meanofll stations. 

Meonnfl2.totinno. I 
Estimated. 

Observations in Maine are derived mainly from the collection of the 
United States Coast and Geodetic Survey, with a few returns from 
county surveyors. They range in date from 1840 down to the present 
time. 

Wherever in the county table following there is given the mean of 
several stations opposite the name of the county, it is understood that 
this mean includes the stations within the couuty which follow. 
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The line of no secular variation crossed Maine many years before the 
beginning of the present century, aud consequently none of the earlier 
observations are complicated with the change in secular variation. 
They have been reduced to the epoch 1900 by the application of the 
following corrections derived from the series observed in the State: 

~-Y-ea_r_. ___ 
1
_R_e_d_u_ct-io_n_.

1 
_ _,_ __ Y_ea_r_. ----I-R-ed_u_c_ti-on_._

1 1- 01 01 I 1890. ____ .. _ _ _ _ _ _ _ _ _ o 20 1860 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 30 1 

I ~:~~:::: :::::::::::: -~-~5_0----".__~:-~_~_::_:_::_:_::_:_: :_:_::_:_::._iEJ 
The declination is west, and the corrections for secular variation are 

to be added. 

1-c. .. cy 
Year Observed Declina-

Town, city, etc. ofob- declina- tionin Remarks. serva- tion. 1900. tion. 

--

0 I 0 I 

Androscoggin .. Mount Sebattis .. 1853 12 53 15 45 C.& G. S. 

Aroostook ...... ----------------·- ------ --------- 21 15 Mean of 16 stations. 

Houlton ......... 1887 19 00 19 30 C. &G.S. 

Presque Isle ..... 1887 20 04 20 35 Do. 

Fort }'airfield ... 1841 17 27 21 15 Boundary survey. 

Fort Kent. ...••.. 1843 17 30 21 10 Do. 

Cumberland .... ---- .. ---- ...... ---- .. - ---- .. - --------- 16 00 Mean of 10 stations. 

Portland ........ 1887 13.50 14 20 C. &G. S. 

HarpswelL ... _ •. 1863 14 25 16 40 Do. 

Freeport-------- 1863 14 12 16 30 Do. 

Brunswick ...... 1873 14 18 15 45 Do. 
Franklin ....... Farmington ..... 1887 14 56 15 25 Do. 

Hancock ....... ---·-------------- ------ --------- 19 10 Mean of 6 stations. 

Southwest Har- 1856 15 25 18 05 C. &G. S. 
I 

bor. I 
MountDesert .•.. 1856 15 15 17 55 Do. 

Kennebec------ Waterville·----- 1840 12 48 16 45 Getchell's Tables 

North Vassalboro 1880 16 00 16 50 Do. 

Knox---------- Rockland ... __ .. 1863 15 02 17 20 C.&G.S. 

I J.ineoln --- _ 

Camden ..... ---- 1854 13 58 16 45 Do. 

West Thomaston. 1840 12 10 16 05 Get·: hell's Tables. 

Damariscotta .... 1887 15 13 15 40 C. &G. S. 
Oxford ......... Greenwood .•••.. 1845 12 08 15 35 Getchell's Tables. 

Bethel ..••...... 1845 11 50 15 15 Do. 
Rumford ........ 1840 11 10 15 05 Do. 
Dixfield ......... 1840 12 10 16 05 Do. 

·• 
Penobscot ...... Bangor ...•.. ---- 1879 16 30 17 25 C. &G. S. 

17 GEOL1 PT I--23 
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i=·cy Year Obsen'ed Declina, 
Town, city, etc. ofob, dec !ina- tion in Remarks. serva-

tion. tiou. 1900. 

--

0 I 0 I 

Penobscot ...... Mattawamkeag .. 1887 17 56 18 25 C.&G.S. 

Hampden ...••.. 1840 13 22 17 15 Getchell's Table&. 

Orono ........... ~1878 16 40 17 40 no. 

Pi sea taq uis •••. -----. ~ .. - -.......... -.. - ------ --------- 18 00 Mean of 3 stations. 

Greenville ....... 1887 16 48 17 15 C. &G. S. 

Sagadahoc ..... Bath .....•...... 1863 12 52 15 10 Do. 

Somerset ..••... Pittsfield ........ 1887 16 00 16 30 Do. 

Waldo .....•... Belfast .......•.. 1863 15 30 1745 Do. 

Washington .... Steuben ......... 1895 17 05 17 15 County surveyor. 

Cherryfield ...... 1895 17 05 17 15 Do. 

Machias ......... 1895 18 21 18 30 Do. 

Lubec ........... 1895 19 28 19 40 Do. 

Eastport ........ 1895 19 42 19 50 Do. 
Machiasport .. _ .. 1887 17 43 18 10 .C. &G. S. 
Cooper .. __ .. ___ . 1859 16 32 19 05 Do. 

Calais .... _ .•.... 1857 15 21 18 00 Do. 

Vanceboro ...... 1887 18 22 18 50 Do. 

Danforth ........ 1887 18 25 18 55 Do. I York ....••.•••. Kittery Point ... 1879 12 31 13 25 Do. _j Kennebunkport . 1851 11 23 14 20 Do. 

--

MARYLAND. 

Observations for declination in Maryland are scanty. They are 
derived in the main from the Coast and Geodetic Survey, with a few 
from county surveyors. The dates of these observations range from 
1845 to 1895, being, therefore, far removed in time from the line of no 
secular variation, which crossed Maryland shortly after 1800. The 
following table of reductions to 1900 on account of secular variation 
bas been applied in this State. It was derived from a series of obser­
vations in Maryland, Delaware, District of Columbia, Virginia, and 
West Virginia. 

Year. 

1890 ...... ----------

1880 .•.... ---0 -----· 
1870 ..•. ------------

li;:::::::: 

Reduction. ~----Y-ea_r_-----Re-d-uc-ti-on-. 

0 I 

0 30 

1 00 

1 55 

2 25 

3 00 

1840 0 0 0--- 0 0-- 0 0----
1830 ...... -----· ----

1820 .... ------------

1810 .... -----0 ··- --· 

Q I 

3 30 

4 00 

4 10 

_:j 
The declination is west, and the above corrections are to be added. 
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<;;ounty. Town, city, etc. 
~e:~ .. Observed 

declina· 
serva- tion. 
tion. 

0 I 

Allegany....... Cumberland..... 1893 3 43 

Lonaconing . . . . . 1879 3 00 

Anne Arundel .. 

Annapolis ...... 1879 4 26 

Baltimore ...... Fort Henry ...... 1885 4 30 

Rosanne.--- ..... 1845 2 10 
Baltimore City ........ _____ . ____ . 1885 4 29 

Calvert ..................... _ .................. . 

Caroline ............... __ .. . . . .. . ............. . 

CarrolL ................ _ ............ ·' ......... . 

Cecil........... Calvert . . .. . ... . 1871 2 50 

Charles ........................................ . 

Dorchester..... Vienna.......... 1886 4 50 

Freel erick...... Libertytown . . . . 1884 4 20 

~::~::: : : : : : :: :I: : : ::: :: : :: : : : :::: :: :: : : ::: : : : : : : 
Howard .............•........................... 

Kent........... . . . . . . . . . . . . . . . .. . 1847 2 30 

Montgomery ....................... _. _ ......... . 

Prince George .................. c. 1868 2 51 

Cheltenham . . . . . 1889 4 10 

Queen Anne .... Kent Island ................... . 

St. Mary ....................................... . 

Somerset ......... _ .......•......•................ 

Talbot . . . . . . . . . Oxford. . . . . . . . . . 1856 2 42 

I 
Washington .... Maryland H'ghts 1870 2 56 

Penmar . . .. . .. . . 1895 3 50 

Wicomico ..••......... ____ ..................... . 

Worcester ...............•........... _ .......... . 

MASSACHUSETTS. 

Declina­
tion in 

1900. 

0 I 

4 05 

4 05 

5 00 

5 30 

5 15 

5 25 

5 15 

4 45 

5 45 

5 30 

4 45 

4 30 

5 35 

5 10 

3 45 

5 40 

5 15 

5 40 

4 45 

4 50 

4 45 

5 35 

4 30 

5 00 

5 25 

4 50 

4 05 

5 15 

5 05 

355 

Remarks. 

County surveyor. 

C.&G.S. 

C.&G.S. Mean of 
5 stations. 

C.&G.S. 

Do. 

Do. 

Do. 

Estimated. 

Do. 

Do. 

C.&G.S. 

Estimated. 

C.&G.S. 

County surveyor. 

Estimated. 

C.&G.S. Mean of 
2 stations. 

Estimated. 

C.&G.S. 

C.&G.S. Mean of 
2 stations. 

C.&G.S. 

Do. 

Mean of 2 stations. 

Estimated. 

Do. 

C.&G.S. 

Do. 

County· surveyor. 

Estimated. 

Mean of 2 stations. 
C.&G.S. 

The data for Massachusetts are derived mainly from the Coast Survey 
compilation, to which have been added a few returns from city engi­
neers. In each case where the mean of several stations is given for the 
county, it is to be understood that it includes the stations which are 
given individually. 

The line of no secular variation crossed Massachusetts about 1790; 
consequently, since the earliest of the observations herewith presented 
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bear date 1838, none of them are affected by the change in the secular 
variation. They have been reduced to the epoch 1900 by the applica­
tion of reductions deduced from the series observed in western New 
England. 

The following table shows the reductions to the epoch 1900: 

~-Y--ea_r_. _______ 
1

_R_e_du_c_ti_o_n._
1 
________ Y_ea_r_. ______ ,,,.•""""·i 

0 I 0 I 

1890 ............... . 

1880 ............... . 

1870 ............... . 

~::::::::::::: 

0 20 

0 45 

1 25 

2 05 

2 55 

1840 ... - •........... 

1830 .......... ····•· 

1820 .......... ····•• 
1810 .............. . 

3 40 

4 40 

5 20 

5 50 

The declination is west, and the reduction for secular variation is to 
be added. 

Year Observed Declina-
County. Town, city, etc. of ob· declina- tionin Remarks. serva-

tion. tion. 1900. 

c ' 0 I 

Barnstable ....• Hyannis .......• 1846 9 22 12 35 C. &G. S. 

Chatham ........ 1860 11 12 13 15 Do. 

Wellfleet .......• 1860 10 43 12 50 Do. 

Provincetown ... 1860 11 24 13 30 Do. 

Berkshire ...••. North Adams .... 1876 10 30 11 30 N.A. S. 

Pittsfield ........ 1895 10 26 10 35 City surveyor. 

·williamstown ... 1866 10 22 12 05 C. &G. S. 

Bristol ...•...•. ________________ .,_ ............ ............... 12 25 Mean of 2 stations. 

Fairhaven ....... 1845 8 54 12 10 C. &G. S. . 
Dukes ................. ------------------ ------ -·------- 12 10 Mean of 6 stations. 

Vineyard Haven. 1875 10 35 11 40 C. &G. S. 

Tarpaulin Cove .. 1846 9 12 12 25 Do. 

Edgartown ...... 1889 1110 11 35 Town surveyor. 

Essex .••••..••• ......... ------------ ----- .. .. .............. 13 45 Mean of 12 stations. 

Salem ........... 1887 12 38 13 05 C. &G. S. 

Annisquam ...... 1849 11 37 14 35 Do. 

Rockport ....... 1859 11 37 13 35 Do. 

Ipswich ......... 1859 11 14 13 15 Do. 

Lynn ........... 1877 11 15 12 10 Do. 

Franklin .....•. Deerfield ........ 1859 9 25 11 25 Do. 

Greenfield ....... 1876 10 20 11 20 N. A. S. 

Hampden ...... ------------ ---- ... ------ --------- 11 30 Mean of 4 stations. 

Springfield .•.••. 1894 10 30 10 40 City engineer. 

Southwick ...... 1838 8 15 12 05 Silliman's Journal. 
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Year Observed Declina- Remark~ County. Town, city, etc. of ob- declina- tion in Rerva-
tion. tion. 1900. 

0 I 0 I 

Hampshire •.... ------------------ . ----- --------· 10 50 Mean of 3 stations. 

Easthampton .. __ 1862 9 05 11 00 C. &G. S. 

Chesterfield .. ___ 1859 8 54 10 55 Do. 
South Hadley. ___ 1875 9 28 10 35 Report Chief of En-

gineers. 

Middlesex ..... _ -.... --- . -.. --. ------ ------ --------- 12 45 Mean of 4 stations, 

Cambridge ...... 1879 11 46 12 35 C. &G. S. 
Lowell . ___ .... __ 1876 10 48 11 50 N.A. S. 

Waltham ...... __ 1895 12 22 12 30 City engineer. 

Nantucket ..... ------ ·----------- ------ --------- 13 20 Mean of 3 stations. 

Nantucket .... __ 1882 12 24 13 05 Engineer Wauna-
connct Water Co. 
Mean of 24 o bser-
vations. 

Norfolk ... _ . _ .. Blue HilL ..... __ 1845 9 13 12 30 C. &G. S. 

Plymouth .•••.. --·--------------- ------ ------·-· 12 50 Mean of 5 stations. 

Nantasket ....... 1847 9 02 12 10 C. &G. S. 

Plymouth _ ..... _ 1876 10 55 11 55 N.A.S. 

Bridgewater .. __ 1882 11 26 12 05 C. &G. S. 

Suffolk ........ _ South Boston .•.. 1872 11 15 12 30 Do. 

Wore ester .•.... . ----~ ------ . ----. ------ --------- 12 00 Mean of 3 stations. 

\Vorcester ...... _ 1883 10 47 11 25 
City •ngin '''·I Mean ofmanyob-

servations. 

MICHIGAN. 

Observations in Michigan are mainly derived from three sources: 
First, the General Land Office; second, the United States Lake Survey; 
and third, county surveyors. 

In the table the mean results by counties from observations by the 
General Land Office and by the Lake Survey are given independently. 
Those from the General Land Office are scattered somewhat uniformly 
over the areas of the counties, while those by the Lake Survey are 
commonly confined to the lake shores. They do not differ greatly in 
date, but it will be seen the results, when reduced to the epoch 1900, 
are often discordant. In certain cases, particularly upon the upper 
peninsula, this disagreement can be accounted for- by the difference 
between the locations of the observations, as the counties are large; 
moreover, in many of these counties local attraction, owing to the 
presence of iron ore, is known to be great. 

The line of no secular change is assumed to have crossed Michigan 
about 1820, although the date is somewhat later in the western part of 
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the upper peninsula. The reductions to 1900 have been derived directly 
from observations taken within the State, and are given in the follow­
ing table: 

~-Y-ea_r_. ___ 1_n_e_d_:_ct-i

1

o_n_. II-- __ Y_ea_r_. ---~--~":" I 
1890 .. ---- .. ---- ---- 0 45 1840 ...... -----· ---- 3 20 

1880 .... ·-- --- ·----· 1 25 18il0-----. ------ ---- 4 10 

1870 ... --.------ ---- 2 10 1820 ...... ·----· ---- 5 00 

1860.----.----- .. --. 

1850 ...... --- --· ·--· ~-~-~-~~1-8-10_._-_--_-_-_·-__ -_-_--_-_-_--~~ ~20 J 
The line of zero of magnetic declination crosses this State from north 

to south. Declinations east of this line are west ·and are distinguished 
by the letter w. Those west of this line are east and are distinguished 
by the letter E. Tlie corrections on account of secular variation are 
to be added to west declinations and subtracted fr-om east declinations. 

------ ---------
Year Observed D~clina-

County. Town, city, etc. of ob- declina- tion in Remarks. serva. 
tion. tion. 1900. 

--
0 0 I 

f842 
1 49 E. 125 w. Mean of 19 stations 

Alcona _ .. _. _ ... ---·······-------- by Land Office. 

1853 0 56 E. 2 OOW. Mean of 4 stations 
by Lake Survey. 

r845 
4 18 E. 110 E. Mean of 8 stations 

Alger---· ______ 
• ---. 0- •• --------. 

by Land Office. 

1864 3 24E. 1 00 E. Mean of 5 stations 
by Lake Survey. 

Grand Marais .. _. 1867 2 02 E. 0 20W. Lake Survey. 

Allegan, .... ---- ------------------ 1832 5 39 E. 1 40 E. Mean of 24 stations 
by T~and Office. 

Allegan .... - .... 1893 0 55 E. 0 30 E. County surveyor. 

Saugatuck··-'-- 1871 2 25 E. 0 20 E. Lake Survey. 

f845 
1 50 E. 1 20W. Mean of 20 stations 

Alpena---- ••••. . ----- --- .. -.. ----- by Land Office. 

1858 0 58 w. 3 35 W. Mean of 4 stations 
by Lake Survey. 

Alpena---------- 1858 0 2iW. 3 OOW. Lake Survey. 

r848 
3 08 E. 0 00 Mean of 18 stations 

Antrim.---- •••• .............................. by Land Office. 

1860 2 25 E. 0 lOW. Mean of 2 stations 
by Lake Survey. 

r844 
2 18 E. 0 50W. Mean of 15 stations 

Arenac. ----.---
by Land Office. I 

............................... 
' 1857 1 46 E. 1 oow. Mean of 2 stations 

by Lake Survey. 
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Arena 

Barag 

Barry 

Bay .. 

unty. 

C----- ----

a _____ ----

---·------

-- ------- .. 

Benzie ---------

Berrie n -------· 

Branc h ____ ,- --

Calhou n------·-

Cass _ ----------

Charle voix -----

Chebo ygan _____ 

Chipp ewa ______ 

Clare ----------
Clinto n ---· ----

• 
Town, city, etc. 

Standish------ __ 

---- -------- .. ---- .. 

------------------

Hastings _______ . 

------------------

------------------

------------------

St. Joseph. _. - ___ 

......... ··---------· 

Kinderhook ____ . 

---- ------ --------

Marshall ___ • ____ 

------------------
Penn ___ ... ---- __ 

------------------
Charlevoix . _____ 

---· --·-----------

-------------- ---· 

Sau~t Ste. Marie _ 

------------------

------------------

"'" 1"-loi~::::: :: : 

Year Observed Declina-ofob- declina- tion in 
servo.~ 

tion. tion. 1900. 

0 I 0 I 

1895 2 oow. 2 20W. 

1824 7 56 E. 3 20 E. 

1829 5 03 E. 0 55 E. 

1896 0 56 E. 0 40E. 

r839 
2 29 E. 0 50W: 

1856 1 26 E. 120W. 

1842 3 35 E. 0 ZOE. 

r829 5 37 E. 1 25 E. 

1871 4- 13 E. 2 10 E. 

1871 3 53 E. 1 50 E. 

1827 ,115 E. 0 05W. 

1890 1 00 E. 0 15 E. 

r829 
5 09 E. 1 00 E. 

1893 104- E. 0 35 E. 
1876 1 42 E. 0 00 

1829 5 25 E. 110 E. 

1896 1 40 E. 1 25 E. 
1843 3 16 E. 0 00 

Ul80 0 00 125W. 

r847 
3 32 E. 0 25 E. 

1851 1 52 E. 1 oow. 

r845 
1 33K 1 35W. 

1858 1 02 E. 1 35W. 

1880 1 05W. 2 30W. 

1847 3 39 E. 0 30 E. 

1831 3 50 E. 0 15\V. 

1895 0 MWr 25W. 
1849 2 36 E. 0 25 W. 

359 

Rema!k~ 

CountJ• sur>eyor. 

1 station 'by Lake 
Survey. 

Mean of 16 stations 
by Land Office. 

County surveyor. 

Mean of 16 stations 
by J,and Office. 

Mean of 4 stations 
by Lake Survey. 

Mean of 12 stations 
by Land Office. 

Mean of 23 stations 
by Land Office. 

Mean of 2 stations 
by Lake Survey. 

Lake Survey. 

Mean of 15 stations 
by Land Office. 

County su~veyor. 

Mean of 20 stations 
by Land Office. 

County surveyor. 

Lake Survey. 

Mean of 13 stations 
by Land Office. 

County surveyor. 

Mean of Hi stations 
by Land Office. 

County surveyor. 

Mean of 33 stations 
by Land Office. 

Mean of 5 stations 
by Lake Survey. 

Mean of 17 stations 
by Land Office. 

Mean of 16 stations 
by Lake Survey. 

Lake Survey. 

Mean of 15 stations 
by Land Office. 

Mean of 14 stations 
by Land Office. 

County surveyor. 

Mean of 17 stations 
by Land Office. 
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lc~·, Year Observe<! Declina- .. ~,~ Town, city, etc. ofob- declina- tion in serva- tion. 1900. tion. 

I 0 I 0 I 

r863 
2 25 E. 0 00 Mean of 8 stations 

Delta •... -· .... ................................. by Lake Survey. 

1895 0 13 E. 0 05W. Mean of 11 stations 
I by county sur-

veyor. 

Dickinson ...... .. - .......... - ........... -...... - .. -.. -.... .................. 3 00 E. Estimated. 

Eaton .......... ------------------ 1833 4 08 E. 3 OOE. Mean of 16 stations 
by Land Office. 

r840 
3 21 E. 0 00 Mean of 15 stations 

E=et ......... -- .. -.. --- .. -...... - .. - .. - by Land Office. 

' 1858 2 44E. 0 00 Meau of 13 stations 
by Lake Survey. 

Genesee ........ 
1 
.......... -------- 1823! 3 41 E. 110W. Mean of 7 stations 

by Land Office. 

Gladwin ....... ----·-------··---- 1850 2 41 E. 0 20W. Mean of 12 stations 
by Land Office. 

Gogebio .... ---- ------------------ ------ .................. 4 30 E. Estimated. 

r844 
2 54 E. 0 15W. Mean of 17 stations 

Grand Traverse. ------------------ by Land Office. 

1860 2 06E. 0 sow. Mean of 7 stations 
by Lake Survey. 

Petoskey ........ 1893 0 20 E. 0 lOW. County surveyor. 

Gratiot ........ -------------··--- 1831 3 08E. 1 oow. Mean of 13 stations 

I 0 40W. 

by Land Office. 
St. Louis ........ 1876 1 00 E. Lake Survey. 

Hillsdale ... _. __ .................................. 1825 4 57 E. 0 20E. Mean of 23 stations 

Hillsdale .... _--.! 1896 

by Land Office. 

0 26E. 0 10 E. County surveyor. 

Houghton._ .... ·----- .... --:· .... 11864 5 05E. 2 40E. Mean of 8 stations 
by Lake Survey. 

2 39 E. 1 05W. Mean of31 stations 
Huron ... _____ . ---------- --·- ---- r::: by Land Office. 

0 27E. 2 25W. Mean of 17 stations 
by Lake Survey. 

Ingham·--- .... .. -.. -.... --- .... -- .. ---- 1829 5 OOE. 1 OOE . Mean of 11 stations 
by Land Office. 

Ionia .. _._. ____ -1---. ___ ... -- ___ ... r838 
3 33 E. 0 00 Mean of 15 stations 

by Land Office. 

1895 0 30 E. 0 10E. County surveyor. 
Iosco ...... ___ . _ ------------ ........... 1844 1 50 E. 1 20W. Mean of 21 stations 

by Land Office. 
Iron ----------- -- ...... - .. --- ...... -- .. -- ......... .... -.----- 4 OOE. Estimated. 
Is a bella _ ..... __ --- .. -.. ~----- .. ----' 1839 3 21 E. 0 00 Menn of 15 stations 

by Lanu Office. 
Mount Pleasant _ 1895 0 30W. 0 50W. County surveyor. 

Isle Royale ..... ·---------------·- 1867 5 24 E. 3 OOE. llfeau of 8 stations 
by Lake Survey. 
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r--=-.y Year Observed Declina-
Town, city, etc. of ob- declina- tionin Remarks. serva- tion. 1900. tion. 

0 I 0 I 

Jackson .. ______ .................................. 1828 4 40 E. 0 35 E. Mean of 17 stations 
by Land Office. 

Kalamazoo ..... . . .. .. .. -.... --- ......... -- 1827 5 23 E. 120 E. Mean of 16 stations 
by Land Office. 

Kalamazoo ..... - 1895 1 32 E. 115 E. Marcus Baker. 

Kalkaska------ ------------------ 1849 2 48 E. 0 lOW Mean of 15 stations 
by Land Office. 

Kent _________ .. ------------------ 1837 4 23 E. 0 50 E. Mean of 24 stations 
by Land Office. 

Keweenaw . -.-- ------------------ 1861 5 28 E. 3 00 E. Mean of 8 stations 
by Lake Survey. 

Copper Harbor 1873 4 04 E. 2 lOE. Lake Survey. 

Eagle Harbor . __ 1855 2 40 E. 0 05 w. Do. 

Lake .. __ ... ____ -----------------· 1839 3 37 E. 0 15 E. Mean of 15 stations 
by Land Office. 

Lapeer _____ .. __ -.... -... -......... --- .. -- 1826 4 39 E. 0 10 E. Mean of 17 stations 
by Land Office. 

Leelana w ... __ . -----------··-···· 1841 3 18 E. 0 00 -Mean of 14 stations 
by Land Office. 

Glen Arbor ... __ . 1860 3 32 E. 1 OOE. Lake Survey. 

North Unity ..... 1860 3 32 E. 100 E. Do. 

Good Harbor 
Island __ .. _____ 1860 3 32 E. 1 00 E. Do. 

Sutton Bay .. ____ 1860 3 27 E. 1 00 E. Do. 
North Point. __ .. 1860 3 30 E. 1 00 E. Do. 

Lena wee ....... ------------··---- 1822 4 48 E. 0 00 Mean of 25 stations 
by Land Office. 

Adrian __________ 1896 0 14E. 0 oo County surveyor 

Livingston ..... -.... --- -............ -.. -- .. 1829 5 20 E. 1 10 E. Mean of 9 stations 
by Land Office. 

Luce ... __ .. __ .. ....... -- .... -- ......... -.. - ------ --------- 0 30W. Estimated. 

r845 
2 58 E. 0 lOW. Mean of 23 stations 

Mackinac .. __ .. -.............. -- .............. by Land Office. 

1854 1 33 E. 110 w. Mean of 18 stations 
by Lake Survey. 

Macomb ________ -.. ---- .. -- .......... -- 1817 4 50 E. 0 lOW. Mean of 15 stations 
by Land Office. 

Manistee ... ____ ··---------------- 1842 3 54 E. o 30 E. Mean of 18 stations 
by Land Office. 

Manistee ...... _. 1866 4 00 E. 1 40 E. Lake Survey. 

r847 
3 32 E. 0 20 E. Mean of 6 stations 

Manitou ________ -.. -.......... -- .. --- .... -- by Land Office. 

1857 3 32 E. 0 55 E. Mean of 17 stations 
by Lake Survey. 

Marquette .. ____ -----------------· 1860 5 00 E. 2 25 E. Mean of 6 stations 
by Lake Survey. 

Marquette ....... 
1 

1873 4 30E. 2 30 E. Lake Survey. 



362 MAGNETIC DECLINATION IN THE UNITED STA'fES. 

Town, city, etc. 
Year Observed 
of ob- declina-
;~~:~- tions. 

Declina­
tion in 

1900. 
Remarks. 

---~~--- -------1 
0 I 6 

Mason ......... -.- ... - ..... -.. - -.... -... 1838 5 18 E. 1 50 E. Mean of 17 stations 
by Land Office. 

Mecosta ........ - .... ---- .... -- ..... ---- 1841 4 08 E. 0 50E. Mean of 15 stations 
by Land Office. 

Big Rapids ...... 1895 1 18 E. 1 00 E. County surveyor. 
Menominee ..... ------------·----- 1863 4 40 E. 2 20E. Mean of 3 stations 

by Lake Survey. 
Micllanrl ........ -----------------· 1832 3 11 E. 0 50W. Mean of 11 stations 

by Land Office. 
Missaukee ...•. _ -----· ------------ 1851 3 48 E. 0 50 E. Mean of Hi stations 

by Land Office. 
Monroe • .. .. --- -- i------ ---- .. ------. 1827 4 07 E. 0 20W . Mean of 22 stations 

by Land Office. 
Monroe ......... 1895 115 w. 0 55W. County surveyor. 
Lasalle .......... 1877 0 13:K 1 20W. Lake Survey. 

Montcalm .•..•. ------ .................. 1839 3 33 E. 0 10 E. Mean of 19 stations 
by Land Office. 

Montmorency .. -- .. --~ ------ --.. -.. - 1845 2 27 E. 0 45 w. Mean of 13 stntions 
by Land Office. 

Muskegon ....•. -- --------------- 1838 4 19E. 0 50 E. Mean of 20 stations 
by Land Office. 

Muskegon ....... 1871 4 02 E. 1 50 E. Lake Survey. 

Whitehall ....... 1871 4 02 E. 

1

150E Do. 

r830 3 35E. 0 3:JW. Mean of 24 stations 
Newaygo .....•....... ------ ....•. by Land Office. 

1837 5 30E. 2 OOE. Mean of 2 stations 
by Lake Survey. 

Oakland ....... ---------·-- ------ 1819 4 37E. 0 25W. Mean of 21 sta.tions 
by Land Office. 

Pontiac ......... 1895 0 28W. 0 45 W. County surveyor. 

Oceana .......•. ------------------ 1839 4 48E. 1 30E. Mean of18 stations 
by Land Office. 

Pentwater ...... 1895 1 45E. 1 25E. County surveyor. 
Benona ......... 1870 4 56E. 12 45E. Lake Survey. 

Ogemaw ....... ------------------ 1845 2 3lE. I 0 40W. Mean of 16 stations 
by Land Office. 

Ontonagon _ .... ----· ------------ 1863 8 10E. 5 45E. Mean of 7 stations 
by Lake Survey. 

Ontonagon ...... 1895 3 OOE. 2 40E. County surveyor 

Osceola ........ ~ -- -- . --... -- ---. 1842 3 37E. 0 20E. Mean of 16 stations 
by Land Office. 

Oscoda ......... 
~---- ---------- ----~ 

1840 2 38E. 0 40 W. Mean of 16 stations. 

Otsego .......... 
1

. • .. . . . . .. . . . . . . . . 1840 3 OOE. 0 20W. Mean of 15 stations. 

Ottawa . . . . . . . . . . . . .. . . . . . . . . . . . . 1835 5 32E. 1 50E. M~ ofl8 '"'"""' I l Grand Haven .... 

by Land Office. 

1880 2 26E. 1 OOE. Lake Survey. 
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I 
Year Observed Declina-

County. Town, cit.y, etc. of ob- declina- lion in Remarks. serva-
tion. tion. 1900. 

~~- ----- ----

0 I 0 I 

r85t 
1 59E. 1 oow. Mean of22 stations 

Presque Isle .... ------------------ by Land Office. 

1859 1 15E. 1 20W. Mean of 4 stations 
by Lake Survey. 

Roscommon .... ------ ·----------- 1847 3 OOE. 0 lOW. Mean of 16 stations 
by Land Office. 

Saginaw ..... -. ------ ... ---- ------ 1827 3 12 E. 110W. Mean of 17 stations 
by Land Office. 

Saginaw ........ 

1

1876 0 24 E. 115 W. Lake Survey. 

r821 
4 4.1 E. 0 20W. Mean of 18 stations 

St. Clair ....... ·----- ------------ by Land Office. 

1860 0 30 E. 2 05 w. Mean of 6 stations 
by Lake Survey. 

Algonac ......... 1866 0 04 E. 2 15W. Lake Survey. 

Fort Gratiot ..... 1873 0 37 W. 1 25 W., Do. 

St. Joseph ...... -----·------ ·--- 1828 5 15 E. 0 55 E.l Mean of 16 stations 
by Land Office. 

r833 
3 07 E. · 0 50 W. Mean of 31 station"! 

Sanilac ......... ------------------
by Land Office. 

1860 0 55W. 1 40W. Mean of 11 stations 
by Lake Survey. 

Port Sanilac ..... 1858 0 30W. 3 lOW. Lake Survey. 

Forestville .. __ .. 1873 1 30W. 3 30W. Do. 

r845 
4 12 E. 1 00 E. Mean of 2 stations 

Schoolcraft ..... ·-----------------
by Land Office. 

1861 3 30 E. 1 00 E. Mean of 3 stations 
by Lake Survey. 

Shiawasse ...... ------------------ 1824 3 21 E. 115W. Mean of 7 stations 
by Land Office: 

Tuscola ......... ------------------ 1835 3 50 E. 0 00 Mean of 22 stations 
by Land Office. 

Van Buren ..... ·--- -------------- 18:30 3 50 E. 0 20W. Mean of 20 stations 
by Land Office. 

South Haven .... 1871 3 30 E. 1 25 E. Lake Survey. 

Washtenaw .... -------------- .. ··· 1820 4 46 E. 0 15W. Moan of 20 stations 
by-Laud Office. 

Ann Arbor ...... 1870 0 20 E.l1 50 W. Lake Survey. 

Ypsilanti ........ 1888 1 30 w. I 2 20 w. Do . 

Wayne ......... .. ---. ----- ~ ----. - 1818 .J. 4.4E. 0 15 W. Mean of 20 stations 
by Land Office. 

Detroit .......... 1885 0 31 w. 1 35 w. C. &G. S. 

I WoxfO<d --···-- --.--.---- ··---- .. 1844 :3 lOW. 0 00 Mean of 17 stations 

11 
loy Loud Ofli". J 

C,adillac ......... 1881 0 22 E. oow. County surveyor. 
I 
I 
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MINNESOTA. 

The observations for declination in this State are derived in the main 
from the work of the General Land Office, and principally from the 
surveys of standard and exterior lines. Besides these, there are numer­
ous returns from county surveyors and a few from the United States 
Lake Survey. 

The results t'rom the Land Office range in date from 1850 to 1890. 
They are in the main of good quality, although in the southeastern 
part of the State there are a number of discrepant counties. While 
there is undoubtedly a large amount of local attraction in the north­
eastern part of the State, in the iron ranges, this local attraction is not 
perceptible in the declination data obtained in those counties. These 
data have been reduced to the epoch 1900 by the use of corrections set 
forth in the following table, whieh have been derived from observa­
tions of different dates in the State. 

~-Y_e_a_r_. ______ 
1

_R_e_d_uc_t_io_n_.
11 

_______ v_e_~_. _______ 
1 

__ Reduction.l 

~- Ol Ol 

I 1890 ... _________ . _ _ _ o 45 1860. ___ ..... __ .. .. . 2 o5 I 
~:::::::::::::: ~ :: 1850 ............. _._--__ '~1 

The declination is east, and the above corrections are to be subtracted 

I Year Observed Declina-
County. Town, city, etc. of ob- declina· tion in Remarks. serva- tion. 1900. tion. 

0 I 0 ' 
Aitkin ........ ·------·---------- 1869 10 05 8 15 Mean of 42 stations. 

Anoka ........ -------------·-·- 1852 11 37 9 05 Mean of 11 stations. 

Becker ........ ------ ................... 1872 12 03 10 25 Do. 

Beltrami ...... North half .... ' . 1892 9 47 9 20 Mean of 23 stations. 

South half ...... 1889 10 45 10 00 Mean of 48 stations. 

Benton ........ ----------------- 1853 10 46 8 15 Mean of 12 stations. 

Foley ........... 1895 9 10 8 50 County surveyor. 

Bigstone ..... ----------------- 1869 13 00 11 10 Mean of 7 stations. 

Ortonville ....... 1895 10 50 10 30 County surveyor. 

Blue Earth .... ------------------ 1854 11 12 8 45 Mean of 6 stations. 

Mankato ........ 1894 9 50 9 30 County surveyor. 

Brown ........ ·----· ·-----·----· 1858 10 22 8 00 Mean of 3 stations. . 
NewUlm ........ 1895 8 27 8 10 'County surveyor. 

Carlton ....... . ----. -- ~ -- .. ----. 1868 9 54 8 00 Mean of 16 stations. 

Carver ........ ------·----------· 1858 11 32 9 15 Mean of 7 stations. 

Cass ...... ---- North half ...... 1872 10 40 9 00 I Mean of 11 stations. 
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[c='' Year Observed Declina- .,_,~-l Town, city, etc. ofob- declina· tionin scrva- tion. 1900. tlon. . 
0 I 0 I 

Cass. ·----- .... South half __ . ___ 1868 10 30 8 40 Mean of 15 stations. 

Chippewa._---- ········---------- 1862 11 33 9 35 Mean of 5 stations. 

Chisago_ .. ----- -----.. --- -- ~- ---- 1851 12 03 9 25 Mean of 6 stations. 

Clay ........•.. ......... ---------- 1869 12 50 11 00 Mean of 8 stations. 
. Glyndon---·---- 1880 11 26 10 00 C. &G.S. 

Cook ...... ----· -------· ---------· 1881 7 50 6 45 Mean of 24 stations. 
Cottonwood ..•. ------------------ 1859 11_ 32 9 20 Mean of 7 stations. 

Windom -------- 1896 9 22 9 10 County surveyor. 

Crow\Ving. ---· ---- ---· ---------· 1861 12 16 10 10 Mean of 18 stations. 

Brainerd---- •... 1880 9 35 8 10 C. &G.S. 
Dakota .. ____ •. ·--------------··· 1853 9 29 7 00 Mean of 6 stations. 
Dodge------ __ . .. --- .. ----- -----. 1854 8 35 6 10 Mean of 4 stations. 

Mantorville ..... 1895 6 50 6 30 County surveyor. 
Douglas ........ -----------------· 1861 12 50 10 50 Mean of 7 stations. 
Faribault ...... ------------·----- 1854 12 27 10 00 Mean of 9 stations. 

Fillmore------_ -----· -----------· 1853 9 43 7 15 Mean of 12 stations. 
Fountain ..... _ .. 1895 7 10 6 55 County surveyor. 

Freeborn ....... ------------------ 1854 9 55 7 30 Mean of 11 stations. 

Goodhue-·--- .. ------------------ 1855 9 04 6 40 Mean of 10 stations. 
Red Wing ....... 1895 6 15 6 00 County surveyor. 

Grant ____ ---- .. ------··---------- 1866 12 36 10 40 Mean of 5 stations. 
Hennepin ___ ... ------ ·----------- 1854 11 04 8 35 Mean of 7 stations. 

Fort Snelling .•.. 1880 10 15 8 50 C. &G. S. 
Minneapolis ..... 1877 10 13 8 40 Do. 

Houston ______ . ......... ---··------- 1854 7 54 5 25 Mean of 8 stations . 

Hubbard-----·. ------------·----- 1875 11 31 10 00 Mean of 6 stations. 
Isanti---- ____ .. --- --. -- ~--- -...... -- 1856 11 40 9 20 Mean of 14 stations. 
Itasca .... __ .. _. Northeast quarter 1887 8 47 8 00 Mean of 18 stations. 

Southeast quarter 1875 9 40 8 05 Mean of 43 stations. 
Northwest quarter 1887 9 41 8 50 Mean of 14 stations. 
South west q narter 1875 10 45 9 10 Mean of 3 stations. 

Jackson ..•••... . . -- .. ---.-- ----- .. 1858 1141 9 25 Mean of 9 stations. 
Heron Lake _ ... _ 1880 10 15 8 50 C.&G. S. 

Kanabec _ .... __ -.. ---- ------ ---.-. 1855 11 27 9 00 Mean of 15 stations. 
Kandiyohi . __ .. -----------······· 1857 10 16 8 00 Mean of 6 stations. 
Kittson _. ___ ---- ----------------·· 1874 13 16 11 45 Mean of11 stations. 
Lac qui Parle . - -.. --.- ------ .. -- .. 1868 12 08 10 15 Mean of 6 stations. 
Lake .........•. . .. --.- . ---.- . ----- 1882 8 34 7 20 Mcanof27 stations . 
Lesueur ____ .... .. ---.- ...... -... ---- .. 1854 11 47 9 15 Mean of 3 stations. 
Lincoln---- .... ---------·-·····-- 1871 12 08 10 25 Mean of 6 stations. 
Lyon .........•. -----------------· 1863 12 00 10 00 Do. 

McLeod----·--- ........................ 1856 11 33 9 05 Do . 
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,--------

I 
Year Observed Declina-

County. Town, city, etc. ofob- declina- tion in Remarks. serva-
tion. tion. 1900. 

--'---

0 I 0 ' 
Marshall ....... East half. ....... 1881 12 09 10 50 ,Mean of 4 stations. 

West half ....... 1872 13 50 12 10 Mean of 7 stations. 

Martin ......... ............................ 1855 10 30 8 00 Mean of 8 stations. 

Welcome ........ 1894 8 50 8 30 County surveyor. 

Meekec ........ _____________ .. ____ 1856 11 21 9 00 Moon of 8 stations. 

Millelaes ....... -- .. --- ---- .. ----- .... 1857 10 31· 8 15 Mean of 17 stations. 

Princeton ...••.. 1858 10 11 7 55 C. &G. S. 

:::::0:~: ::~:::I:::::::::::::::::: 
185G 10 53 8 26 Mean of24 stations. 

1853 8 30 6 00 Mean of 10 stations. 

Mnrray ....... l ......... _ ........ 1864 11 40 9 45 Mean of 6 stations. 

Nicollet .......................... 1854 11 03 8 30 Do. 

Nobles ........ l ................. 1868 11 11 9 20 Mean of 9 stations. 
1 

Nor man .... ~ ..................... 1874- 12 49 11 30 Mean of14 stations. 

Olmstead ......................... 1854 9 21 6 55 Mean of 7 stations. 

Ottertail ....... ------------------ 1868 11 58 10 05 Mean of15 stations. 

Henning ........ 1896 10 05 9 50 County surveyor. 

Plne ........... ------·----------- 1859 12 06 9 55 Mean of21 stations. 

Pi Jlestone ...... ------ ----------·- 1869 11 56 10 05 Mean of 4 stations. 

Polk ........... ·----------------- 1877 12 11 10 35 I Mean of31 stations. 

Pope ........... ... ---- -.. ---- -.. -.... - 1860 11 05 9 00 Mean of 4 stations. 

Glenwood ....... 1890 11 58 11 15 County surveyor. 

.Ramsey ........ .................. [ 1847 I 11 oo 1 8 10 Mean of 4 stations. 

St. Paul ......... [ 1890 I 9 30 8 55 County surveyor. 

Hedwood ....... ----- -------·---- 1861 10 31 8 30 Mean of 8 stations. 

Henville ....... 
1 
.................. 1858 11 19 9 05 Mean of 9 stations. 

Rice .......... I ____ ........ ------ 1854 9 25 7 00 Mean of 5 stations. 

Rock ........... ------------------ 1866 11 21 9 .-,--D Mean of 6 stations. 

Roseau ......... ------------------ 1886 11 43 10 55 Mean of 19 stations. 

St. Louis ....... Northeast q narter 1884 8 09 7 00 Mean of 18 stations. 

Southeast quarter 1871 9 05 7 15 Mean of 24 stations. 

North wc~t quarter 1886 8 26 7 25 Mean of29 stations. 

South westquarter 1876 9 14 7 40 Mean of30 stations. 

Fond duLac .... 1861 9 42 7 40 U.S. Lake Survey. 

Duluth .......... 1873 11 52 10 00 Do. 

Scott ........... -------------·---- 1854 11 08 . 8 40 Mean of 6 stations. 

Sherburne ..... l ................. 1854 10 08 7 40 Do. 

Sibley ........................... 1853 10 37 8 05 Mean ofll stations. 

Henderson ...... 1855 11 30 9 00 C.&G.S. 

Stearns ........ ------------------ 1857 10 57 8 40 Mean of14 stations. 

St. Cloud ........ 1895 8 30 8 15 County surveyor. 

Steele .......... ----··------------ 1854 9 18 6 50 Mean of 4 stations. 

Stevens .... __ .. ------------------ 1867 11 26 9 30 Do. 
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Town,c 
Year Observed Declina-

.. m><h~· I ity,etc. ofob- declina- tion in sen· a· tion. 1900. tion. 

---
0 I 0 I 

---·-----1 1885 10 46 9 40 County surveyor, 
I 

Stevens ___ ... _ _ MoJZris . 
I 1865 11 34 9 35 Mean of 7 stationv. ---------, Swift ... ___ . _ .. ___ .. _ .. _ 

:~~::~~) 
1859 11 14 9 10 Me:.m of 9 stations. 

1870 12 14- 10 30 Mean of 6 stations. 

Todd .. _ ...... __ .... __ .. _ 

Traverse------------·---
I 1855 9 41 7 15 Do. ---------Wabasha .... __ . ----- .... 

·w a.l>>tsb ~\J - - - - - - - - 1876 8 04 6 30 U. S. Lake Survey. 
Wadena .. __ ---- __ .. ____ . --------- 1867 11 12 9 20 Mean of 6 stations. 

I 11 32 9 05 Do. ---------~ 1854 
----- ----i 1847 !l 03 6 15 1 station. 

Waseca .. __ .. ________ .. : 

Washington ............ . 
Watonwan ___ ...... __ .. . ---------1 1856 10 26 8 00 Mean of 5 stations. 

s .... ----1 1894- 9 25 9 05 County surveyor. 

... ------1 1867 13 09 11 15 Mean of 6 stations. 

St. J ame 
Wilkin .. __ .. _____ ...... _ 

--- ...... i 1854 8 25 6 00 Do. 

---------11856 11 29 9 10 Mean of 7 stations. I 
---------1 1866 11 32 9 40 Mean of 8 stations. 

I 

Winona .. ________ .. _ ... . 

Wright __ .... ____ .... __ . 

Yellow Merlicine ______ ... 

MISSISSIPPI. 

The data for Mississippi are derived almost entirely from the work of 
the General Land Office, with a few returns from county surveyors and 
two or three scattering results from other sources. 

These results from the General Land Office are from the snbdivi­
sional surveys, no plats of exteriors or standard lines being in existence. 
They bear date from 1810 down to 1850, all being in the first half of 
the century. In spite of' their great age they appear to be of good 
quality, being consistent among themselves and with observations 
taken in adjoining States when reduced to a common epoch. 

The line of no secuhu variation appears to have crossed Mississippi 
just prior to 1830. Most of the Land Office observations are, therefore, 
complicated with the change of secular variation attendant upon its 
change of sign. They have been corrected in accordance with the fol­
lowing table, derived from series ob8erved within the State: 

f;''"':::: ::: 
Reduction. 

0 I 

0 30 
1 00 
1 30 
2 05 

Year. Reduction. 

0 I 

1850 -- -- -- -- -- -- .... 2 20 
1840 .. __ .......... .. 2 30 

1830 .......... ------ 2 30 

L
1870. - . -- - -- -- .... --

1860 .. ~. ------1 
---~----~~------------~-----

The declination is east, and the above corrections are to be subtracted. 
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Remark~ Year Observed Declina-
County. Town, oity, etc. of ob· declina- tionin 

serva~ 

tion. tion. 1900. 

0 I 0 I 

AU•m• ________ T ________________ , 1846 8 10 5 4t,; Mean of 6 stations. 

Natchez ......... 1872 7 15 5 50 N.A.S. 
Alcorn .... _ .... 

1 
•••••••••••••••••• 1835 7 18 5 50 Mean of11 stations. 
Corinth ......... 1875 6 22 5 05 N.A.S. 

Amite ..•.•...•. .... -.. -.. -.. --- ----- .. 1843 8 07 5 40 Mean of 19 stations. 

Liberty ......... 1895 6 30 6 15 County surveyor. 
Attala .......... ------------------ 1833 8 00 5 30 Mean of 22 stations. 
Benton ......... ----------·------- 1834 7 30 5 00 Mean of14 stations. 

Ashland .•....... 1896 4 40 4 30 County surveyor 
Bolivar ........ -.. ------- ....... ----- 1833 8 15 5 45 Mean of17 stations. 
Calhoun .......• ........ --- .......... ------ 1835 7 45 5 15 Mean of18 statwns. 
Carroll. ........ ........ ------- ....... --- 1832 7 57 5 25 Mean of 15 stations. 
Chickasaw ..... ------------------ 1834 7 18 4 50 Mean of14 stations. 
Choctaw ..•.... ------------·----- 1832 7 56 5 25 Mean of 11 stations. 
Claiborne ...... .... -- ..... -- -- .... -.... -- 1846 8 23 6 00 Mean of 6 stations. 
Clarke ......... .... -.. -..... --- .. -.... -... 1il33 7 48 5 20 Mean of 20 stations. 

Clay ........... ..... -.. -.. -.... --------- 1835 7 46 5 15 Mean of 19 stations. 

West Point ...... 1875 6 25 5 10 N.A.S. 
Coahoma ...•••. -- .... -.. ---- ...... -.. --. 1836 8 12 5 40 Mean of 28 stations. 

Copiah ......... .. -- .. -- .. -"'- ... ------ ------ --------· 5 30 Estimated. 
Covington ..... .. ----- ... -.......... ---- 1841 8 20 5 50 Mean of 19 stations. 
DeSoto ........ . ----- ..... -.......... -- .. 1835 8 00 5 30 Mean of 14 stations. 

}'rank lin .....•. .. ----- -.... -- .. -.... -- .. 1848 8 56 6 35 Mean ofl6 stations. 

Greene ......... -.. ---- -- .. -.. --~ --- - 1817 8 00 5 45 Mean of15 stations. 

Grenada ........ ~ ---- - --- -.. -.... - .. -- 1833 7 49 5 20 Mean of 14 stations. 

Grenada ......... 1872 6 25 5 00 N.A.S. 

Hancook ...... l ................. 1841 

I 

7 20 4 50 i Mean of 8 stations. 
i 

Harrison ......................... 1842 7 24 5 00 I 
Mean of 5 stations. 

Long Beach ..... 1895 4 52 4 40 I County Anrveyor. 
I 

Hinds .......... Jc,ckson ......... 1895 5 41 5 25 Do. 

Holmes -------- ----····---------- 1833 '7 56 5 25 Mean ofll ~;tations. 

Issaqnena ...... ------------·----- ------ ............... 5 50 Estimated. 
Itawamba ...... .. --- ...... -- .. -- --- ...... 1835 7 12 4 40 Mean of14 stations. 

Jackson ........ ------------------ 1845 7 25 5 00 Mean of 8 stations. 

Pascagoula ...... 1875 6 20 5 05 N.A. S. 

Jasper ......... -.... -......................... -- 1832 7 GO 
I 

5 20 I Mean of20 stations. 
Jefferson ....... -.. -.--- .. -..... -- .. -- 1848 8 10 I 5 50 Mean of 9 stations. 

Jones .......... .......... - .. --- ........... -- .. 1895 5 00 4 45 County surveyor. 
Kemper ........ -- ...... -- .... -- ... ---- .. 1834 7 06 4 35 Mean of 24 stations. 
Lafayette ....•. --·--------···---- 1834 7 43 5 15 Mean of 22 stations. 
Lauderdale ...•. 

-----~ ------ ·----- 1833 7 35 5 05 Mean of 21 stations. 
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'l'own, city, etc. 

Lauderdale ....• Meridian •••..... 

Lawrence ...... .............. ...... 
Leake .. _ ....... ·----- ...... ······ 

Lee------------ ............ ······ 

Leflore ......... ------ ···-····--·· 
Lincoln ___ . ___ ------ ·-·--· ----·· 
Lowndes ...... ------------------
Madison ....... ---··· -----· -----· 
Marion __ ... __ .. ····-· ·--··· ·-·-·· 

I 
Marshall _ _". _ ... I ------ ·----· ··---· 
Monroe ---- -·-- -----· ------ ....... 

Montgomery --- ....... ··-······---
"\Vi nona ......... 

Neshoba ------· ----------- ....... 

Newton ____ .... ··---- ------------
Decatur ......... 

Noxnbee ....... ----- ·----- ------
Macon ·---···---

Oktibbeha. ____ ·-------·--· ------
Panola __ . ______ -----· ···---------
Pearl River._ .. ·---------------·-
Perry ------ ··- ·----- ------------
Pike----------- ----------·-----· 
Pontotoc.------ ------ ···--------· 
Prentiss ........ ~ ........... - - . - - - -
Quitman ..... __ ------ ------·----· 
Rankin ' ··-- ---- ------------·-----
Seott ..... ------ ' ---- ---· --------- .. 
Shi1rkey ... ___ .. ···--------· -----· 
Simpson . ------ ---------·-··-----
Smith ______ ... _ ·----· ·----· ·-----
Sunflower _. ___ . ·----· ------------
Tallahatchie ... ------------------
Tate_------ ____ ---·-· ·-----------
Tippah. __ .. ---- ·----------------
Tishomingo .... ____________ .. _____ 

Tunica ......... . ----. ---- --.... ~ -.. 
Union .... ______ --- ...... ----- ---- .. -
Warren ........... --····-----······· l:" Viok•bucg ...... 

shington ................ __ ... _ 
. I 

17 GEOL, PT 1--24 

Year 
of oh­
serva. 
tion. 

1895 

1810 

1834 

1834 

1833 

1810 

1834 

1832 

1827 

1834 

1836 

1833 

1896 

1833 

1831 

1895 

1833 

1833 

1832 

1836 

1893 

1813 

1810 

1834 

1835 

1842 

Observed 
declina­

tion. 

0 , 
5 04 

8 29 

8 13 

7 20 

8 02 

8 45 

7 38 

8 14 

8 07 

7 58 

7 29 

8 06 

5 ,18 

7 57 

7 43 

5 12 

7 27 

7 30 

7 25 

7 52 

5 20 

8 00 

8 44 

7 13 

7 28 

8 06 

·-----1·--······ 

1832 8 00 

1837 8 00 

1896 5 18 

1832 7 58 

1836 8 11 

1835 8 00 

1835 I 8 17 

183i 7 28 

1835 6 46 

1836 8 07 

1834 7 20 

1847 8 23 

1875 7 20 

-·---- ---------

Declina. 
tlon in 
1900. 

0 , 
4 50 

6 25 

5 45 
4 50 

5 ::10 

6 40 

5 05 

5 45 

5 35 

5 30 

5 00 

5 35 

5 35 

5 25 

5 15 

5 00 

5 00 

5 00 

4 55 

5 20 

5 05 

6 00 

6 45 

4 45 

4 55 
5 35 

5 30 
5 30 

5 30 

5 00 

5 30 

5 40 

5 30 

5 45 

5 00 

4 15 

5 35 

4 50 

6 00 

6 05 

5 45 

369 

Remark~ 

County surveyor. 

Mean of19 stations. 

Mean of16 stations. 

Mean oflO stations. 

Mean of19 stations. 

Mean of14 stationR. 

Mean oflO stations. 

Mean of 3 stations. 

Mean of39 stations. 

Mean of24 stations. 

Mean of 12 stations. 

Do. 

County surveyor. 

Mean of 14 stations. 

Mean of 17 stations. 

County surveyor. 

Mean of 20 stations. 

C.&G.S. 

Mean of 12 stations. 

Mean of22 stations. 

County surveyor. 

Mean of 34 stations. 

Mean of 20 stations. 

Mean of 14 stations. 

Mean of 9 stations. 

Mean of 11 stations. 

Estimated. 

Me!tnof19 stations. 

Mean of 2 stations. 

County surveyor. 

Meanof19 stations. 

Mean of 15 stations. 

Mean of 17 stations. 

Mean of 8 stations. 

Mean of 11 stations. 

¥ean of 20 stations. 

Do. 

Mean of 9 stations. 

Mean of 2 stations. 

N.A. S. 

Estimated. 
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County. Town, city, etc. 
~ e~b- Obse!·vet! I D~clii.ta­
serva- d~~~hna- / twn In 
tion. twn. 1900. 

1

---------------------

0 I 0 I 

Wayne......... . . . . . . . . . . . . . . . . . . 1817 8 05 6 00 Mean of 6 stations. 
Webster ...... _I_..... . . . . . . . . . . . . 1836 7 52 5 20 Mean of 13 stations. 

Wilkinsou ..... J..... . . . . . . . . . . . . 1848 8 07 5 45 Mean of 16 stations. 

Winston . . . . . . . . . . . . . . . . . . . . . . . 1833 7 42 5 10 Mean of 17 stations. 

Yalobusha...... . . . . . . . . . . . . . . . . . . 1834 8 07 5 35 Mean of 14stations.J 

Yazoo .......... , .................. 1837 8 00 5 30 1 station. 

I ---- ~-- -------

MISSOURI. 

Observations in Missouri are derived almost exclusively from Pro­
fessor Nipher's magnetic survey of the State, the results of which 
have been supplemented to some extent by returns from county sur­
veyors. No attempt has been made in this State to collect data from 
the General Land Office, since Professor Nipher's re suits cover most 
of the counties of the State, and are presumably from data which are of 
a much better quality than would be furnished by the surveys of the 
General Land Office; indeed,judgingfrom the known errors in the land 
surveys in that State, it is to be presumed that the data regarding 
declinations furnished by these surveys would be misleading. 

The quality of the work of Professor Nipher is well known. The 
observations were taken between the years 1878 and 1882, inclusive, 
and were published in extenso in the Transactions of the St. Louis 
Academy of Sciences. 

In the county table, where the mean of several r~sults or stations are 
given for a county it is to be understood that these results are by 
Nipher's magnetic survey. 

The line of no secular variation crossed Missouri between the years 
1830 and 1840. The results, therefore, here presented are far removed 
from the time of no secular variation. 

The following table, derived from series of observations, has been 
used to reduce observations to the epoch 1900: 

I __ ~Y_· e_a_r. ______ R_e,_h_'c-tio-"'_ I----Y_e_a_r. __ _ 

0 I 

R~:::~~ 
0 I 

1890 .............. .. 

1880 ............... . 

1870 ............. .. 

0 30 

1 00 
1 15 

1860 ............... . 1 4o 1 

~ --------------

1850 .............. .. 

1840 .............. .. 

The declination is east, and the above corrections are to be subtracted. 
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Town, city, etc. 
Year 
ofob­
serv·a­
tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 
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Remarks. 
--1 

-·~-~ ~-~ ------··- -- --~--1--

0 ' 0 ' 
Adair .......... Kirksville .. __ ... 1878 8 29 7 25 Mean of 2 results. 
Andrew ____ .... Savannah------- 1895 8 42 8 25 County survPyor. 

Atchison ....... Rockport ------- 1896 10 35 10 20 Do. 

Auclrain ........ Mexico ....... __ . 1878 7 4•1 6 40 Nipher. 

Barry _ .. _ ...... ------------------ 1823 9 •10 7 50 Boundary Survey. 

Barton .. __ ..... ------------------ 1823 10 15 8 25 Do. 

Bates ---------- Rich HilL. ... ___ 1893 8 30 8 10 County surveyor. 

Ben ton ...... - .. ·warsaw ____ . ____ 1881 8 51 7 55 Nipher. 
Lincoln .... _ . ___ 1881 9 19 8 20 Do. 

Boll iuger .... - .. Lutesville ....... 1880 6 14, 5 15 Do. 

Boone ....... ---- Columbia .... _ .. 1881 7 24 6 20 Mean of 3 results. 
Centralia_._ .. _ .. 1882 7 57 7 00 Nipher. 
Providence ... ___ 1881 7 39 6 40 Do. 

Buchanan ...... St. Joseph. _____ . 1895 8 39 8 25 County surveyor. 

Butler ......... Poplar Bluffs._ .. 1880 6 45 5 45 Nipher. 

Caldwell ....... Kingston ........ 1882 9 25 8 30 Mean of 2 results. 

canaway ------ --------------·--- --------- 7 00 Mean of 3 stations. 
McCredie .... __ . 1881 7 51 6 55 Nipher. 

Camucn. _ .. ___ . Linn Creek ..•... 1881 9 00 8 00 Do. 

Decaturville ---- 1881 8 57 8 00 Do. 

CapcGirarueau. ------------------ ------ --------- 4 50 Estimated. 

CarrolL ........ Carrollton ....... 1879 8 30 7 30 Niphcr. 

Carter --------- -----· ------·----·1··---- --------- 5 30 Estimated. 

Cass ........... I ------------------ 1823 10 00 8 10 Boundary Survey. 
Cedar ...... ____ -----------------· ------ --------- 7 45 Estimated. 

Chariton ....... ·----· ------------ ·----- --------· 7 15 Do. 

Christian ------ ·----------------· --------- 7 00 Do. 
Clark .......... ------ ·----------- 1895 6 05 5 50 County surveyor, 

Clay ........... ------·----------- ------ --------- 8 00 Estimated. 

Clinton --------
-~~~~r·s~-~:: ::::::1 ------ ----· ---- 8 00 Do. 

Cole ........... 1880 8 33 7 35 Mean of 2 results. 

Centertown ..... 1881 7 37 6 40 Nipher. 

Marion .......... 1881 7 40 6 45 Mean of 2 results. 

Cooper ......... Clarks Fork ..... 1881 7 29 6 30 Nipher. 

Prairie Home .... 1881 7 38 6 ·10 Do. 
Crawford ------ Cuba ........ · .... 1880 7 25 6 25 Do. 
Dade ........... Greenfield ....... 1895 6 15 6 00 County surveyor. 
Dallas ... _ ..... Buffalo .......... 1881 8 07 7 10 Nipher. 
Daviess ........ ----- ------------ 1882 8 46 7 50 Do. 
Dekalb ......... Stewartsville .... 1896 7 47 7 30 County surveyor. I Dent ........... 

Maysville ....... 1882 9 18 8 25 Nipher. 

~I Salem ........... 1880 6 56 5 55 Do. 
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Town, city, etc. 
Year 
ofob­
serva· 
tion. 

Observed 
declina­

tion. 

Declina­
tion in 
1900. 

Rema~ks. 

1-------1'--------1--- ------ 1---- --------~-1 

0 I Q I 

Douglas .. _.---- ... --- -- .... -- ___ . 

Dnuklin _ ------ ------ ____ ---- ____ ------
Franklin _ .. _ . _. 

Gasconade _ ... . 

Ge.'ltry .. _ ..... . 

Greene ........ . 

Grundy ....... . 

Washington. . . . . 1879 
Pacific . . . . . . . . . 1880 
Union ......•.... 1881 
Roedersvillc . . . . 1881 
Newport ........ 1882 
Canaan_ ........ 1 1895 
Albany ......... _I 1882 
Springfield ..... _I 1879 
Trenton ......... 

1 
1882 

Harrison __ ... _. Bethany _... . . . . 1882 

Henry _ ---- -- .. Winllsor ---- .. . 

Hickory ....... ·1 Wheatland ..... . 
Holt.---- _________________ , __ ---

Howard .... ----1 Glasgow------
HowelL ____ ---- ______ ------ -----· 

Iron . . . . . . . . . . . Arcadia _ ...... . 

Jackson. _ . . . . . . Kansas City. _ .. . 

Jasper_ ....... . 

Jefferson ...... _ Desoto _ ....... . 

Kimmswick .... . 

Johnson ......................... . 

Holden ........ . 

Knox .......... ·-----··········'· 
Laclede . . . . . . . . Lebanon ....... . 

Lafayette ...... Lexington ..••... 

1881 
1881 

1879 

1880 
1878 
1823 
1880 
1880 

1879 

-----
1880 
1896 

6 25 
7 02 
6 35 
6 56 

6 59 
6 15 
8 26 
8 36 
8 03 
8 43 
8 44 
8 40 

---------
8 21 

---------
6 49 

10 18 
10 30 
7 46 
6 45 

---------
8 55 

---------
7 46 
7 35 

Lawrence ...................................... . 

Lewis .......... Canton .......... 1878 7 13 
Lincoln . . . . . . . • Troy . . . . . . . . . . . . 1895 5 00 

Linn ..........................•........ 

I Linneus..... . . . . 1882 
Laclede . . . . . . . . . 1882 

8 03 
811 

Livingston .......... _ .......................... . 

Chillicothe...... 1879 8 32 

McDonald ...... -----------------· 1823 10 36 
Macon ... __ . . . . . .... _ . __ . . . . . . . . . _ . __ .. 

Macon------ .. ,. 1880 8 03 

6 40 
5 00 
5 30 
5 20 
600 

5 40 
6 00 
6 00 
6 00 
7 30 
7 35 
7 10 

E~timated. 

Do. 

Mean of 9 stations. 

Mean of 2 results. 

Do. 

Nipber. 

Do. 

Do. 

County surveyor. 

Nipher. 

Do. 

Do. 

7 50 Do. 

7 45 Do. 

7 45 Do. 

8 30 / Estimated. 

7 20 Nipher. 

6 40 Do. 

5 50 Do. 

9 10 
8 40 
6 45 
5 45 
8 10 
7 55 

6 45 
6 45 
7 20 
7 30 
6 05 
4 45 
7 25 
7 10 
7 20 
7 50 

7 30 
8 46 
7 20 
7 05 

Mean of 2 results. 

Boundary Survey. 

Nipber. 

Do. 

Mean of 3 stations. 

Nipber. 

Estimated. 

Mean of 2 results. 

County surveyor. 

Estimated. 

Nipher. 

County surveyor. 

Mean of 3 stations. 

Nipher. 

Do. 

Mean of 2 stations. 

Nipher. 

Boundary Survey. 

Mean of 5 stations. 

Mean of 2 results. 

Mercyville . .. .. . 1882 8 17 7 25 Nipher. 
1 

I Modi•on .... -u Loplot•::: : .~~2 m 

8 

"'. __ ;--c-~:_._,_E_•'s_t_i~_:·_te_d_. __ _j 
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Town, city, etc. 
Year Observed ofob· declina-

serva· tion. tion. 

- - ~---

0 I 

Maries . _ ... _ _ _ _ Vienna. ____ ... . 1881 7 15 

Marion ..... _... HannibaL ..... . 1878 7 08 

Palmyra ...... . 1894 6 03 

Mercer ... _. . . . . Princeton ..... . 1882 8 47 

Miller ......... . 
~ . --- ---------

Tuscumbia .... . 1881 8 30 

Mississippi. __ . . Charleston .... . 1880 5 43 

Moniteau ...... California ...... . 

Monroe ... - ......... - ...... --.--
1881 1 7 44 

. ···--·1--······· 
Montgomery ................... . - ------ ---------

Danville ...... . 1881 7 48 

Morgan _ ................ _ ...... . -.------ ---------
Versailles ..... . 1881 8 20 

New Madrid .... Point Pleasant. 1850 7 20 

Newton ....... . 1823 10 30 

Nodaway .... _.. Maryvi-lle .... _. 1879 11 10 

Oregon ...... __ ------ ---------
Osage ......... . ------ ---------

Linn ..... _._·_ .. 1882 7 37 

Ozark ....... _ .. ------ ---------
Pemiseot .. __ ... 1895 5 17 

Perry . _ .... ___ . . ............... . 1895 4 45 

Pettis . . . . . . _.. Sedalia . _ ..... . 

Phelps .... _ . . . . . ..... -- - ... - . - .. 
-I 1879 8 55 

......... ---------
Pike .... __ . . . . . Louisiana ..... _ 1878 7 07 

Platte ...........•............... 

Polk . . . . . . . . . . . Bolivar ....... . 

Pulaski··--·-·· ................ . 

-~~~~ -~- --- ~-~~-
------ ---------

Putnam ........................ . ·----- ---------
Unionville .... . 1882 8 00 

Ralls .......... . ------ .... ______ 

Randolph ...... Mol)erly ....... . 1882 7 40 

Ray .............•............... -·---· ---------
Reynolds....... West Fork .... . 1895 5 30 

Ripley ......................... . ------ ---------
Doniphan ..... . 1894 5 30 

Gatewood ..... . 1880 7 12 

St. Charles ..... I : . ~::~ l" . :. ;~. St. Charles ..... 

Dardenne Prairie 

St. Clair .......... - _ ............ . ! - ·----- ---------
Ste. Genevieve. . . ............... . I 

. ·----·~-·-······ 

Dec !ina· Remark~ tion in 
1~00. 

0 I 

6 20 Nipher. 

6 00 Do. 

5 45 County surveyor. 

7 55 Nipher. 

7 00 Mean of 2 stations. 

7 35 Nipher. 

4 45 'Do. 

6 45 Do. 

7 15 Mean of 3 stations. 

6 35 Mean of 2 stations. 

6 50 Nipher. 

7 15 Mean of 3 stations. 

7 25 Nipher. 

5 10 County surveyor. 

8 40 Boundary Survey. 

10 10 Nipher. 

6 00 Estimated. 

7 co Mean of 2 stations. 

6 45 Nipher. 

6 30 Estimated. 

5 00 County surveyor. 

4 30 Do. 

7 50 Mean of 2 results. 

6 Hi Estimated. 

6 00 Nipher. 

8 30 Estimated. 

7 15 Nip her. 

6 30 Estimated. 

7 40 Mean of 3 stations. 

7 10 Nipher. 

6 00 Estimated. 

6 50 Nipher. 

7 50 Estimated. 

5 15 County surveyor. 

5 50 Mean of 3 stations. 

510 County surveyor. 

6 10 Nipher. 

5 40 Mean of 4 stations. 

4 40 County surveyor. 

5 35 Nipber. 

8 00 Estimated. 

5 00 Do. 
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County. Town, city, etc. 
Year 
ofob­
Nerva· 
tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 

---- ·-------l--------------.-----l--------l-------1-----------
0 I 

St. Frano;ois .................................... . 

St. Louis ....... 1 . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

Clayton .. . .. .. .. 1881 6 04 
Pattonsville ..... 1881 5 54 

Florissant....... 1881 6 35 
Kirkwoo<l. ...... 1882 6 24 

St. Louis City .. 
1 
.... ·.... .. .. .. .. .. 1879 6 13 

Saline...... .. .. Sweet Springs. .. 1881 9 24 
Herndon . . .. .. .. 1881 8 &5 
Marshall . . . . . . . . 1881 8 32 
Arrow Rock. . . . . 1881 7 54 

Schuyler....... .. .. .. . .. .. .. .. .. . 1895 8 40 
Scotland . . . . . . . Memphis.... . . . . 1878 7 48 
Scott ........................... .. 

Shannon ........................ . 1895 
Shelby ......... Shelbyville .... .. 1894 
Stoddard ........................ . 1895 
Stone .. .. .. .. .. Cape Fair ..... .. 1895 
Sullivan .......... _ ................... .. 

Milan ........... 1895 
' Sticklerville 1882 ----

Taney .......... Cedar Creek ..... 1895 
Texas .......... Houston ·------- 1880 
Vernon ......... Schell ............ 1879 
Warren ·------- Warrenton ...... 1882 

Wright --------- 1878 

---------
5 15 
6 20 
5 00 
5 30 

7 35 
8 52 
6 10 
7 35 
9 03 
6 40 
8 14 

vVashington ................................... .. 

Wayne ......... Piedmont ....... 1880 7 22 
Webster ....................................... . 

Worth ........................................ .. 

Wright .. .. .. .. Hartville.... . .. . 1895 7 30 

MONTANA. 

0 I 

5 15 Estimated. 

5 40 Mean of 8 stations. 

5 10 Nipher. 

5 00 Do. 

5 40 Do. 

5 30 Do. 

5 10 1· Do. 

8 30 Do. 

8 00 Do. 
7 35 Do. 

7 00 Do. 

8 25 County surveyor. 

6 40 Nipher. 

4 50 Estimated. 

5 00 County surveyor. 

6 00 Do. 

4 45 Do. 

5 15 Do. 

7 35 Mean of 4 stations. 

7 20 County surveyor. 

8 00 Nipher. 

5 55 County surveyor. 

6 35 Nipher. 

8 00 Do. 

5 45 Mean of 2 results. 

7 10 Nip her. 

5 30 Estimated. 

6 20 Nipher. 

7 00 Estimated. 

8 00 Do. 

7 15 County surveyor. 

Observations in Montana are derived from the surveys of standard 
lines and township exteriors of the General Land Office, with a few 
returns from county surveyors, from the Hayden Survey, and from the 
Mullen and Raynolds ·expeditions. The Land Office observations 
appear to be of very good quality. 

The line of no secular variation appears to have crossed Montana 
between the years 1860 and 1880, moving progressively westward, and 
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the observations have been reduced accordingly, using the following 
table: 

I 

I Year. 

'·' 
i---~-----

1 

I ~::~:::: :::::::::::::::::::::::: 

Reductions. 

Eastern Middle part. 
--~--~Wffi·~ I 

part. I part. 

0 I 

0 40 

1 10 

0 , 
0 30 

0 50 

0 I 

o 20 I 
0 30 

1 25 1 00 

1 40 0 50 
0 20 j 
0 00 E~~::~:::::·.~::~-.:~--~::·_-_::1. . 

The declination is east, and the above corrections are to be subtracted. 

Year Observed Decliua-
County. Town, city, etc. ofob- declina- t,ion in i Remarks. 

serva- tion. 1900. 
tion. 

-----~--- ------ ---- . 

0 I 0 I 

Beaverhead .... Northern ........ 1868 20 30 19 30 1 station. 

Southern ........ 1882 19 36 18 50 Do. 

Carbon ........ ..... ---------· ---- ------ --------- 18 30 Estimated . 

Cascade ........ Eastern ......... 1882 20 13 19 30 Mean of 2 stations. 

Western ......... 1880 20 30 19 40 Mean of 3 stations. 

Great Falls ...... 1892 20 00 19 40 County surveyor. 

Belt ............. 1894 19 56 19 40 Do. 

Choteau ........ Long.108-9 ...... 1894 19 10 18 50 Mean of 4 stations. 

Long.109-10 ..... 1874 20 40 19 40 Mean of 2 stations. 

Long. 110-11. .... 1867 21 35 20 40 Do. 

Long.ll1 to west 
boundary. 

1878 22 00 21 00 Mean of 7 stations. j 

Fort Benton ..... 1860 20 24 19 35 Mullan. 

Crow Heserva- .... -- ... ---. -.---. 1882 18 48 18 00 Mean of 6 stations. 
tion. 

Custer ......... Lat. 45-6; long. 
104-5. 

------ --------- 16 00 Estimated. 

Lat. 46 to north ------ --------- 16 30 Do. 
boundary; long. 
104-5. 

17 oo I Lat. 45-6; long. -----· --------- Do. 
105-6. 

Lat. 46 to north 1884 18 00 17 10 Mean of 5 stations 
boundary; long. 
105-6. 

Lat. 45-6; long. 
106-7. 

------ --------- 17 30 E8tima ted. 

Lat. 46 to north 1881 18 40 17 30 1 station. 
boundary; long. 
106 west bonn-
dary. 

Miles .. - ...... ___ 1895 18 00 17 45 County surveyor. 
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---------r-., .... , .. Year Ob•erved Dec !ina- R<•~ .. --1 'l'own, city, eto. of ob- dec !ina- tion in serva-
tion. tion. 1900. 

----- ---~---------

I 0 • 
0 

Dawson_. __ ._ .. Northeastern . . . . 1882 17 45 16 45 County surveyor. 

Southeastern . __ . 1882 1 17 451 16 45 Mean of G stations. 

North western . . . . ..... ~ - ....... - 17 45 Estimated. 

Southwestern .. -I- ... -- i-- .. ----- 18 00 Do. 
Deer Lodge . __ . __ __ __ __ __ __ _ __ __ _ 1881 I 20 _24 19 50 Mean of 6 stations. 
Fergus . _______ . Northeastern __ . _ 1882 19 35 18 50 Mean of 3 stations. 

Southeastern .... 1882 19 42 19 00 Mean of 6 stations. 
Northwestern ___ 1883 19 43 19 00 Mean of 2 stations. 
Southwestern . __ 1882 18 30 17 45 1 station. 

Flathead.------ Eastern ___ . _____ 18fl2 22 06 21 50 Mean of 32 stations. 
Western ______ . _ 189:3 22 20 22 10 Mean of 8 stations. 

Gallatin ____ .... Northern .. ______ 1872 19 20 18 20 Do. 
Southern ________ 1872 19 10 18 10 1 station. 

Granite __ .. ____ Phillipsburg ____ 1895 20 30 20 20 County surveyor. 
Jefferson .. _____ - ... ---- ~ ----- ------ 1868 20 50 19 50 Mean of 4 stations. 

Lewis ltn d Northern ... __ . __ ------ 20 30 Estimated. 
Clarke. Southern ... _____ 1873 20 43 19 50 Mean of i5 stations. 

Helena ____ .. ____ 1872 20 00 19 05 Hayden. 
Madison ________ Northern ... _____ 1871 19 25 18 20 Do. 

Southern __ ._ . ___ 18 30- EstimatelL 
Virginia ________ 1895 19 15 19 00 County surveyor. 

Meagher .. _____ Eastern. ________ ------ 19 00 Estimated. 
·w cste1 n ________ 1875 20 00 19 00 Mean of 8 stations. 

Missoula .... _ . _ Eastern _________ 1882 22 00 21 30 Mean of 13 stations. 

' Western ________ 1860 20 45 20 45 1 station. 
Fort Owen . ____ . 1853 19 25 19 25 Raynolrls. 
Hell Gate .. ____ . 1861 21 00 21 00 Mullan. 

Bitterroot .. ____ . 1860 20 45 20 45 Do. 
Park ________ ~ .. Northern _______ . --------- 18 30 .Estimated. 

Southern ____ .. __ 1882 19 00 18 10 1 station. 
Ravalli. ________ -----· ---------·-· 1893 20 20 20 10 Mean of 10 stations. 

Silver Bow .. _ .. ------------------ 1868 20 10 19 55 1 station. 

Sweetgrass_ .... -----------· ------
_______ ,._ 18 30 Estimated. 

Teton .... ____ .. Northeastern _ . _ . 1881 21 43 21 00 

1 

M:ean of 5 stations. 

Southeastern __ .. 1892 2110 20 50 Mean of 2 stations. 

Northwestern ... 1874 23 25 22 251 Mean of 5 stations. 
Valley . ____ .... L!mg. 104-5 .. ____ 1866 18 27 17 00 Mean of 6 stations. 

Long.105-6. __ . _. 1873 19 50 18 30 i Do. 
Long.l06-7 .. ____ 1874 20 17 19 oo I Do. 

Long.107-8 .. __ .. 1884 20 00 19 10 I Mean of 8 stations. 

I Yellow:one ____ N orthcastern ____ 1881 19 23 18 35 1 Mo~ of 3 oWtton•j 
North western . __ 1883 19 13 18 20 / Mean of 6 stations. 
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NEBRASKA. 

Observations in Nebraska are derived mainly from the surveys of 
standard lines and exteriors of the General Land Office. Numerous 
returns have been received from county Rurveyors, and to these have 
been added a few stations by the United States Coast and Geodetic 
Survey and other miscellaneous sources. Surveys of the General Land 
Office range in time from 1855 in the eastern part of the State to very 
recent years in the western part. They appear to be throughout of 
good quality, although much better in the western part of the State 
than iu the eastern. The line of no secular variation crossed Nebraska 
between the years 1845 and 1860. Observations in the' eastern part of 
the State are, therefore, in the reduction to 1900, somewhat compli­
cated with the change in secular variation. They have been reduced 
to the epoch 1900 in accordance with the following table, derived from 
series of observations made in the State: 

f - --Y=. __ ·-ne_d-~c-ti-1o~ I----Y-ea_r_. ____ n.~:'":"~l 
1 1890. _______ . __ . __ __ o 40 1860 .. __ __ __ __ __ __ __ 1 55 I 

1

1880-- ....... - - -- .. 1 15 1850 ............ -- . - 2 00 j 
1870 .. ---- .. ------ -·· 1 50 

The declination is east, and the above corrections are to be subtracted. 

Town, city, etc. 
Declina­
tion in 
1900. 

Remarks: ~-""""'' 
J'--------1------- -----1----1--------1 

0 I 0 I 

Adams . .. .. .. .. . .. . .. .. . . .. . .. .. . 1875 12 35 11 00 Mean of 16 stations. 

Hastings . . . . . . . . 1895 10 15 9 55 County surveyor. 

Antelope .. .. . .. . .. . .. .. . . .. .. . . .. 1858 13 05 11 10 Mean of 14 stations. 

Arthur.. .. . .. . . .. .. .. .. .. . .. .. .. . 1869 14 21 12 30 Mean of 5 stations. 

Banner ................. , ...... __ . 1870 15 4 7 14 00 Mean of 4 stations. 

Ashford......... 1895 14 30 14 10 County surveyor. 

Blaine . .. .. .. .. . . . .. . .. . . . . . . . . . . 1872 13 24 11 45 Mean of 4 stations. 

Boone.... .. .. .. .. .. .. . . . . . . .. . . . . 1858 12 42 10 35 Mean of 5 stations. 

Boxbutte ......................... 1880 14 35 13 20 Mean of t6 stations. 

Boyd. . . . . . . . . . . .. . . .. .. .. . . . . . .. . . ____ . . ........ 11 50 Estimated. 

Brown ............. __ .. .. .. . .. .. . 1874 13 35 12 00 Mean of 28 stations. 

Buffalo.... .. .. . .. .. .. .. .. .. .. .. .. 1860 14 04 12 10 Mean of 16 stations. 

Kearney. .. .. .. .. 1858 13 38 11 45 Simpson. 

Burt----.--- ...................... 1856 12 05 10 05 Mean of 8 stations. 

tler . . . . . . . . . . . . . . . . . . . . . . . . . . . 1857 12 02 10 00 Mean of 12 stations. 

s - -----. ---- ---- ---- ---- -----. 1856 10 45 8 50 Mean of 3 stations. 

-~~----~-----------~ 
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r-:=t~-. I Year Observed I Declina- '"m::l Town, city, ete. ofob- dcclina- tion jn serva-
, t.ion. tion. 1900. 

- --------- --------
0 I 0 I 

Cass ----------- Plattsmouth ---- 1895 9 30 9 10 County surveyor. 

Cedar ... ------. -----------------· 1858 12 12 10 15 Mean of 12 stations. 

Chase .......... ------ -----·------ 1870 13 46 12 00 Mean of 14 stations. 

Cherry ......... East half. .... _ .. 1875 13 35 12 00 Mean of 24 stations. 

West half .... _ .. 1880 14 35 13 20 Mean of 30 stations. 

Cheyenne ...... . ----- ------ ------ 1870 15 00 13 10 Mean of 16 stations. 

Camp. Clark ..... 1896 13 30 13 15 1 County surveyor. 

Sidney ....... _ .. 1872 14 37 12 50 : N.A.S. 

Clay-·--------· ------------------ 1858 12 19 10 20 Mean of 12 stations. 

~:::~ :::: ::::1·::::: :::::::::::: 1857 12 20 10 20 Mean of 3 stations. 

1R57 12 21 10 20 Mean of 7 stations. 

Custer ......... ----- ·----· ------ 1872 13 22 11 35 Mean of 41 stations. 

Dakota ........ ----- -----· ·----- 1857 12 19 10 20 Mean of 5 stations. 

Dawes. ·-· ---- ----------------- 1882 15 13 14 05 Mean of 41 stations. 
Dawson .... ____ ----- ·----------- 1869 13 39 11 50 Mean of 18 stations. 

Deuel .......... ----------------- 1869 1<1 35 12 50 Mean of 12 stations. 

Dixon .......... ----- ·----- ------ 1857 12 36 10 35 Mean of 3 stations. 

Doilge ....... ----------------- 1856 11 48 9 50 Mean of 9 stations. 

Douglas ........ ------------------ 1856 10 53 8 55 Mean of 5 stations. 

Omaha .......... 1888 .ll 30 8 40 C. &G. S. 
Dnnily .. _ .... _ ------------·----- 1870 13 53 12 05 Mean of 9 stations. 

Fillmore ...... ----------------- 1858 12 26 10 25 Mean of 12 stations. 

Franklin. ------------------ 18iJ8 13 15 11 20 Mean of 8 ~tat ions. 

Frontier ------------------ 1870 14 13 12 20 Mean of 16 stations. 

Purnas. ------- ------------------ 1870 14 25 12 35 Mean of 9 stations. 
Gage ....... ___ ----------------- 1856 9 47 7 45 Mean of 6 stations 

Beatrice ...... _ .. 1895 11 00 10 40 County surveyor. 
Garfield_._ .... - ---- ------ -~ ---- 1870 13 20 11 30 Mean of 12 stations. 
Gosper ... _ .... ----------- ·----- 1865 14 33 12 35 Mean of 8 stations. 

Grant ......... 
"""1'" ------------

1876 13 55 12 20 Mean of 16 stations. 

Greeley ....... ----------------- 1863 12 38 10 45 Mean of 8 stations. 
Hall ..... _____ ----------------- 1862 13 20 11 25 Mean of 12 stations. 

Grand Island .... 1893 11 51 11 20 City surveyor. 

Hamilton ..... ----------------- 1858 12 42 10 40 Mean of 10 stations. 
Harlan ..... ___ ----------------- 1865 13 18 11 25 Mean of 8 stations. 
Hayes ...... ___ . ----. -~ ---. -----. 1870 13 24 11 35 Mean of 14 stations. 

Hitchcock ..... ·----------------- 1870 13 22 11 30 Mean of 9 stations. 

Culbertson._._ .• 1895 12 10 11 50 County surveyor. 
Holt ____ ...... --------------·-- 1865 13 39 11 50 Mean of 31 stations. 

Hooker ..... · .. ·----------- ------ 1875 13 45 12 10 Mean of 16 stations. 

I Howard ........ ·----· ------------ 1862 

I 
13 56 12 00 I Mean of 8 stations. 

Jefferson .... __ . ---·· ------------ 1856 12 13 10 15 Do. 
L_ ____ 

-----
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r.-c~ ••• , Town, cit.y, etc. I 
Year 
ofob· 
~:terva­

tion. 

.Jefferson ·. . . . . . . Fairbury.... . . . . 1895 

Johnson........ . .. . .. . . .. . . .. • .. . 1856 

Kearney.... .. . . .. .. .. .. .. .. . . .. .. 1858 

Keith .. .. . . .. . . .. .. .. .. .. .. .. .. .. 1869 

Keyapaha ..... . 

Kimball ....... . 

Knox ........ .. 

Lancaster ..... . 

Lincoln ....... . 

Logan ....... .. 

Loup ........ .. 

1872 

1870 

1858 

1857 

1869 

1869 

1872 

McPherson . . . .. .. . .. . .. .. . . . .. .. . 1869 

Madison.... . . .. .. .. .. . .. .. . .. .. .. 1858 

Merrick .. . . . .. . .. .. .. . .. .. . .. .. .. 1858 

Nance ............................ 1858 

Nemaha........ .. .. .. . .. . .. .. .. .. 1855 

Brownville...... 1877 

Auburn ......... 1896 

Peru .. .. .. . . .. .. 1888 

Nuckolls . . .. . . . .. .. .. .. .. .. .. .. .. 1858 

Otoe .. .. . . . .. .. .. .. .. .. .. .. . . .. . . 1856 

Nebraska City ... 1880 

Pawnee .......................... 1856 

Perkins .. .. . .. . .. .. .. .. .. .. .. .. .. 1870 

Phelps . .. .. .. .. .. .. .. .. .. . . .. .. .. Hl65 

Holdrege ........ 1896 

Pierce.. .. . . .. . .. . . . . .. . .. . .. .. . . 1858 

Plainview. . . . . . . 1895 
Platte ......... . 1857 

Columbus....... 1895 

Polk . .. .. . . .. . . .. .. . .. . .. . . .. .. . . 1858 

Red willow . .. .. .. .. .. .. .. .. .. .. .. 1870 

Richardson .. .. .. .. .. .. .. .. .. .. .. 1855 

Rock .. .. . .. .. • . .. ....... :~ . .. .. . . 1865 

Saline ............................ 1857 

Sarpy .. .. .. . .. . .. . . .. . .. .. . .. .. . . 1856 

Papillion. . . . • • • . 1895 

Saunders. .. .. . . .. .. .. .. .. .. .. . .. . 1857 

Scotts Bluff.... . .. . .. . . .. .. .. .. .. 1879 

Seward .. .. .. .. . .. . .. .. .. .. .. .. .. 1857 

\ Sheridan_ ..... ·j--........ .. .. .. .. 1881 II I Sherman ............ :.. .. .. . . .. .. 1868 

Observed 
declina­

tion. 

0 I 

9 48 

10 00 

13 51 

14 20 

14 07 

15 29 

13 16 

10 08 

13 41 I 
13 36 

13 25 
13 47 

12 47 

13 15 

13 12 

11 10 

n 15 1 

10 10 

10 13 

12 45 

10 17 

10 13 

10 19 

13 13 

13 53 

12 23 

12 36 

8 43 

12 55 

10 32 

12 30 

13 12 

12 00 

13 45 

11 36 

10 53 

9 48 

11 36 

15 25 
11 39 

14 481 
13 44 

Declina­
tion in 
1900. 

0 I 

9 30 

8 00 

11 50 

12 30 

12 20 

13 40 

11 15 

8 10 

11 50 

11 45 

11 45 

12 00 

10 50 

11 20 

11 15 

9 10 

9 55 

9 55 

9 30 

10 40 

8 10 

9 00 

8 20 

11 25 

12 00 

12 10 

10 40 

8 30 

10 55 

I Remarks. i 
~-----

County surveyor. 

Mean of 7 stations. 

Mean of 8 stations. 

Mean of 13 stations. 

Mean of 2 stations. 

Mean of 12 stations. 

Mean of 13 stations. 

Mean of 14 stations .. 

Mean of35 stations. I 
Mean of 4 stations. 

Mean of 8 stations. 

Mean of 6 stations. 

Mean of 12 stations. 

Mean of 5 stations. 

Mean of 7 stations. 

Do. 

C. &G. S. 

County surveyor. 

C. &G.S. 
Mean of 8 stations. 

Mean of 9 stations. 

Mo. River Com. 

Mean of 6 stations. 

Mean of 10 stations. 

Mean of 8 stations. 

County surveyor. 

Mean of 1~ stations. 

County surveyor. 

Mean of 13 stations. 

10 15 County surveyor. 

10 30 Mean of 8 stations. 

11 25 Mean of 5 stations. 

10 00 Mean of 31 stations. 

11 55 Mean of 7 stations. 

9 35 Mean of 8 stations. 

8 55 Mean of 5 stations. 

9·30 County surveyor. 

9 35 Mean of 13 stations. 

14 10 Mean of 18 stations. 

9 40 Mean of 12 stations. 

13 40 Mean of 29 stations. 

11 55 Mean of 12 stations. 

' 
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Town, cHy, etc. 
Year 
of nb­
serva­
tion. 

Observe<l 
declina­

tion. 

Declina­
tion in 
1900. 

Remarks.-l 

--~- ---~ ~-~--------~ ~-------1----

Sioux . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1882 

I;! tan ton .......................... 
1 
18~7 

Tlmyer. . . . . . . . . . . . . . . . . . . . . . . . . . 18o8 
I I I Thomas .... _ ... _ ................. i 1874 

Thurston ....... -----------· ...... 11856 
Valley ......... _..... . . . . . . . . . . . . 1867 
Washington .......... ____________ 1856 

Wayne ........ : .................. 
1 

1857 

1 Webster _______ ------------------ 1867 

Wheeler ............ '···.· ......... 1865 
York ............................. 1858 

0 I 0 

15 20 

12 16 

12 45 

13 42 I 
12 06 

12 18 

10 34 

12 17 

12 33 

12 40 

12 33 

14 15 Mean of 34 stations. 

10 15 Mean of 10 stations. 

10 50 Mean of 8 stations. 

12 10 II Mean of20stations. 
10 05 Mean of 9 stations. 

10 30 Mean of 12 stations. 

8 35 Mean of 4 stations. 

10 20 Mean of 8 stations. 

10 45 M"'nnfl2•ta•nn•.l 
10 50 Do. 

10 35 Do. 

NEVADA. 

The observations in Nevada consist almost entirely of results from 
the General Land Office, with a few from tbe Coast and Geodetic Sur­
vey, from the Wheeler Survey, and from county surveyors. The Land 
Office observations arc derived exclusively from the surveys of standard 
lines and township exteriors. 

The line of no secular variation crossed Nevada between the years 
1880 and 1890. These observations have been reduced to the epoch 
1900 in accordance with this fact by means of the following table: 

~--;ear. Reduction. 

0 I 

1890 ...... ---------- -0 15 

I ~8-8o _________________ _ -0 15 

Year. 

1870 ...... ----------

1860 .... ------------

0 I 

0 00 

+O 25 

The declination is east. Such of the above corrections as have the 
plus sign are to be added and those having the minus sign subtracted. 

-----
I 

Year Observed Declina-
County. Town, city, etc. of ob- declina- tion in Remarks. serva-

tion. tion. 1900. 

~ --~-·- -~-

. 0 0 I 

Churchill ...... Eastern ......... 1872 17 30 17 30 Mean of 6 stations. 
Western ........ 1875 17 20 17 20 Do. 
Hot Springs ..... 1881 17 26 17 10 C. &G. S. 

Douglas ........ 

1 

.................. 1869 16 14 16 15 Mean of13 stations. I 
Genoa .......... 1877 I 16 47 16 35 Wheeler. 
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Co unty. 

----

8 ........ Dougla 

Elko . ............ 

Esmera lda ..... 

Eureka --------

Huml.Jo ldt------

Lander -----.----

Lincoln ·-------

L_ 
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Year Observed Declina-

I Town, city, etc. ofob· rleclina- tion in Remarks. serva- tion. 1900. 
tion. 

-------·-- --- -· 
____ , 

0 ' c ' 
Glenbrook ...... 1876 16 00 15 50 Wheeler. I 
Northeastern ____ 1881 17 53 17 40 Mean of 8 stations. 

Southeastern .... 1881 17 00 16 45 Mean of 12 statiOns. 

North middle .... 1887 17 30 17 15 Mean of 16 stations. 

South middle .... 1880 16 50 16 35 Mean of 12 stations. 

Northwestern ... 1883 17 44 17 30 Mean of 3 stations. 

South western ... 1880 17 30 17 15 Mean of 2 shttions. 

Elko ............ 1881 17 30 17 15 C. &G. S. 

Halleck ........ 186fl 16 22 16 20 Wheeler. 

Northern ........ 1880 16 46 16 30 Mean of 19 stations. 

Middle .......... 1883 17 00 16 45 Mean of 7 stations. 

Southern ....... _ 1877 16 25 16 15 Mean of 9 stations 

Dead Horse Well. 1876 16 30 16 20 Wheeler. 

Hawthorne ...... 1887 16 28 16 15 County surveyor. 

Silver Peak ..... 1890 16 08 15 55 Do. 

Northern ........ 1873 16 53 16 55 Mean of 9 stations. 

Southern ..•..... 1879 16 37 16 20 Mean of 15 stations. 

Eureka ......... 1881 16 37 16 20 C. &G. S. 

Mineral Hill ..... 1881 17 03 16 50 Do. 

Northeastern .... 1878 17 45 17 30 Mean of 60 stations. 

Southeastern .... 1874 17 44 17 30 Mean of22 stations. 

Northwestern ... 1874- 17 40 17 30 Do. 

Southwestern . _. 1880 17 25 17 10 Mean of 13 stations. 

Ryepateh ........ 1881 17 50 17 35. C. &G. 8. 

·winnemucca .... 1881 17 40 17 25 Do. 

Well8 ........... 1881 17 22 17 10 Do. 

Tecoma ......... 1881 17 28 17 15 Do. 

Northern ........ 1870 17 35 17 35 Mean of !l5 stations. 

Southern .. _ ..... 1874 16 42 16 35 Mean of97 stations.· 

Austin .......... 1881 16 57 16 40 C. &G. 8. 

Northern ........ 1874 16 10 16 00 Mean of 20 stations. 

Middle eastern .. 1881 16 20 16 05 Mean of 13 stations. 

Middle western .. 1870 16 08 16 10 Mean of 6 stations. 

Southeastern .... 1877 15 34 15 24 Mean of 15 stations. 

Southwestern ... 1878 15 46 15 30 Mean of 17 stations. 

Southern point .. 1878 15 22 15 10 Mean of 4 stations. 

Clover Valley ... 1869 14 25 14 25 Wheeler. 

St. Thomas ...... 1869 15 48 15 48 Do. 

Indian Spring ... 1869 15 42 15 40 Do. 

West Point ...... 1869 15 42 15 40 Do. 

Month of Rio 1869 15 48 15 50 I Do. 
Virgin. I 
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~County. Year I Observed Dec !ina-
Town, city, etc. ot ob- I declina- tion in Remarks. 

8~~~~- tion. 1900. 

-- ~---- ---------
0 0 ' 

T~incoln .. ______ Pioche ____ .... __ 1892 16 00 15 50 County surveyor. 
Stone Ferry .. ___ 1875 15 00 14 50 Wheeler. 

Lyon -----· ---- ·----· -----· ------ 18681 16 42 16 40 Mean of18statious. 

Nye .... __ ...... Northeastern ... - 1875 16 25 16 Hi Mean of 8 stations. 
North middle ___ . 1874 16 05 15 55 Mean of 17 stations. 

Northwestem __ - 1875 16 85 16 25 Mean of 15 stations. 
Central _____ ... _ ·----- --------- 16 15 Estimated. 

Southern .... ---- ------ --------· 15 80 Do. 

Ormsby ------- ------------ ·----- 1865 H) 18 16 25 Mean of 4 stations. 

Carson------ .... 1876 16 47 16 85 Wheeler. 
Storey _____ . __ . ------------------ 1861 16 :~5 17 00 Mean of 3 stations. 

American Flat. __ 1876 16 80 16 20 Wheeler. 

Washoe-- .. __ .. Northern ........ 1878 18 26 18 15 Mean of 6 stations. 

Middle .......... 1882 17 36 17 20 Mean of 4 stations. 
Southern __ ... ___ 1868 16 55 17 00 Mean of 40 stations. 
Reno __ .. _____ .. _ 1881 17 50 17 3ii C.&G.S. 
Verdi __ .. _______ 1889 17 26 17 10 Do. 

White Pine ..... Northeastern_ .. _ 1868 16 42 16 40 Mean of 8 stwtions. 

Southeastern .... 1871 16 30 16 30 Mean of 17 stations. 

Northwestern __ 1868 16 46 16 50 Mean of 18 stations. 

Southwestern .. _ 1872 16 34 16 35 Mean of 29 stations. 

Hamilton ...... _ 1869 16 43 16 40 Wheeler. 

Rattlesnake 1869 16 18 16 20 Do. 
Spring. 

Sacramento dis- 1869 16 27 w 80 Do. 
trict. 

Monte Cristo ____ 1869 17 05 17 05 Do. 

Antelope Springs 1869 17 00 17 00 Do. 

Piermont-----·. 1872 I 16 45 16 ,15 Do. 

Long Valley __ .. _ 
18691 17 00 17 00 Do. 

Old Camp Ruby_ 1869 17 10 17 10 Do. 

------- -------- ------ -·-·-------~ ---

NEW HAMPSHIRE. 

Data for New Hampshire have been taken almost exclusively from the 
Coast Survey compilation, consisting of observations by the United 
States Coast and Geodetic Survey and observations accredited to the 
Royal Society and the Smithsonian Institution. 

Wherever in the county table tlw mean of several stations is given 
for the county, it is understood to include those stations which are given 
subsequently separately. 

The earliest observation used here bears date 1830, and since the line 
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of no secular variation crossed New Hampshire prior to the beginning 
of the century, none of these observations are complicated with tbe 
change in secular variation. Corrections for secular variation have 
been used to reduce .these observations to tbe epoch 1900, as deduced 
from observations in this State, Vermont, Massachusetts, Rhode Island, 
and Connecticut. The following table shows the reductions: 

~-- Y_c_a_r. _____ 
1
_R_e_d_n_ct-io_n_.l 

1- 0 ' 

1890 ...... -··. ······ 

1880 .. ---- ---- ..... . 

1870 ... ---------- -·-
1860 .. ---- ......... . 

0 20 

0 45 

1 25 

2 05 

------------~-----~ 

Year. !_Reductio::_ 

1850. ___ . ___________ I ~ 5,5 

1840 ................ 1 3 40 

1830 .... -----· ...... , 4 4~0 
1820 .......... ------, 5 20 

The declination is west, and the correction for the secular variation is 
to be added. 

Town, city, etc. 

Year 
ofob­
aert'a· 
tion. 

Observed 
declina­

tion. 

Declina­
tion in 
1900. 

Remarks. 

------ -------- --- -----------[------"- ----1 

0 I 0 I 

Belknap ....................................... . 

Carroll. ......... - .............................. . 

Cheshire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Troy . . . . . . . . . . . . 1861 9 04 

Chesterfield . . . . . 1891 11 30 

Coos ........... Gorham ......... 1873 13 47 

Fabyans ........ 1845 11 32 

Grafton ........ Hanover ........ 1895 11 56 

Littleton ........ 1873 13 00 

West Romney ... /1830 9 38 
Warren ......... 1830 9 08 
Haverhill ....... 1830 7 32 

13 00 Mean of 2 stations. 
14 00 Estimated. 

11 50 Mean of 4 stations. 
11 05 C. & G. S. 

11 50 County surveyor. 
15 00 C. &. G. S. 

14 50 

12 05 

Smithsonian Con­
tributions. 

Dartmouth Observ-
atory. 

14 15 C. & G. S. 

14 20 Royal Society. 

1:l 50 Do. 

12 10 Do. 
Lyman.... . . . . . . 1879 11 33 12 20 Do. 

Hillsboro ....... ----------·-·----·............... 12 25 Meanof2stations. 
Merrimack . . . . . Concord..... . . . . 1879 11 27 12 15 C. & G. S. 

Rockingham ...... -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 40 Mean of 5 stations. 
Portsmouth . . . . . 1844 · 9 46 13 10 Royal Society. 

Plymouth . . . . . . . 1830 8 32 13 10 Do. 

I ::;~:~ ::::::: ~~~~~~~~~- :::::: . ~~~~ l~ --~-~--~-~--'---~-:_:_~__,_~:~:;t::~veyorj 
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NEW JERSEY. 

The data in New Jersey are derived mainly from volume 1 of the 
final report of the Geological Survey of that State. The results therein 
contained are in part from observations made by the New Jersey Geo­
logical Survey and in part were compiled by it. They are, with one or 
two exceptions, of recent date, being taken subsequent to 1880, and are 
of excellent quality. 

For the reduction of these observations to the epoch 1900, corrections 
derived from the series observed in New York, New Jersey, and Penn­
sylvania have been applied. The following table of reductions applies 
to observations in this State: 

~ Year. Reduction. 

--r 
0 I 

_Y_ea_r. ___ Reduct~~~ 
0 I 

1890 .. ---- -----· .... 

1880 ... --· ----·· ···-

0 2[i 1840 .. ---- ·----- ---- 3 20 

4 15 

4 GO 

0 55 1830 _____ . ---- --··-· 

1870.-- -·-.---- ---. 1 <15 1820 .. - --· --·- ------

1

1860 ... -·· ---- ·- ----

1850~-~-- -·---- ·--· 
~--~-~--1-810 _________________ 5 05 I 

The declination is west, and the reductions for secular variation are 
to be added. 

County. Town, city, etc. 

-- --------1 

year 0 bserved 
of ob- tleclina-
su~;~- tion. 

0 , 

Atlantic ________ ·---- ·--·-- ------ __________ -·-·. 

I 
Atlantic City __ ._ 1887 6 22 

Hammonton._ . _ _ 1885 5 53 

~ays Landing __ . 1887 5 52 
Bergen .. _____ . _ ... _ ... _____ . ____ . . __ - - - - - - . 

Englewood. ____ . 1887 8 29 

Fairlawn ___ -.. . . 1887 8 06 

Hackensack_ .. _. 1887 7 49 
Mahwah _ _ _ _ _ _ _ _ 1887 8 23 

Burlington ..... ·----· ______ ·----·-·-------·--·-· 
Bass River _____ . 1885 6 30 

Bordentown____ _ 1885 7 03 

Brown's Mill' ... 1885 6 53 
Ellisdale . _ ~ _ .. _ . 1885 6 45 
Columbus . ___ ... 1885 7 1[i 

Little Egg liar- 1846 4 28 
bor. 

Declina­
tion in 

1900. 

---
0 I 

6 35 

6 55 

6 35 

6 25 

9 15 

9 05 

8 40 

8 25 

9 00 

7 25 

7 10 

7 45 

7 35 

7 25 

7 55 

7 35 

Remarks. 

----

Mean of 5 stations. 

N.J. Geol. Survey. 

Do. 

Do. 1 

Mean of 16 stations. 

N.J. Gcol. Survey. 

Do. 

Do. 

Do. 

Mean of 16 stations. 

N.J. Geol. Survey. 

Do. 

Do. 

Do. 

Do. 

Do. 



• 
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~~ ... , Year Observed Declina-
Town, city, etc. ofob- declina- tion in Remarks. serva- tion. 1900. tion. 

~~-- ----

0 I 0 I 

Burlington ..... Mount Holly .... 1887 6 51 7 25 N.J. Geol. Survey. 

Shamong ........ 1887 6 36 7 10 Do. 

Smithville ·----· 1885 6 32 7 10 Do. 

Tuckerton _ ..... 1887 6 52 7 25 Do. 

Camden ........ -----· ---------.--- ------ --------- 6 40 Mean of 7 stations. 

Berlin .......... 1885 5 32 6 10 N.J. Geol. Survey. 

Camden ......... 1887 6 10 6 45 Do. 

Haddonfield ..... 1887 610 6 45 Do. 

·waterford. __ .... 1885 5 49 6 30 Do. 

Winslow ........ 1887 5 57 6 30 Do. 

Cape May ...... -----· ------------ ------ ................ 6 05 Mean of 4 stations . 

Cape May ....... 1887 511 5 45 N.J. Geol. Survey. 

Ocean view ...... 1887 5 40 6 15 Do. 

Cumberland .... -----------------· . ---- .. ............... 6 05 Mean of llstations . 

Bridgeton ....... 1887 5 19 5 55 N.J. Geol. Survey. 

Greenwich ...... 1846 3 14 6 25 Do. 

Port Norris ...... 1887 5 24 6 00 • Do . 

Essex .......... ···--------·· .......... . ----0 --------- 8 35 Mean of 6 stations. 

Cooks Bridge .... 1887 8 02 8 35 N.J. Geol. Survey. 

Livingston ...... 1887 8 10 8 45 Do. 

Orange._ ........ 1887 8 05 8 40 Do. 

Newark ......... 1887 7 49 8 25 Do. 

Gloucester ....• ------------------ .......... ............. 6 30 Mean of 4 stations. 

Clayton ......... 1885 5 46 6 25 N.J. Geol. Survey. 

Newfield ........ 1887 5 45 6 20 Do. 

Woodbury ...... 1887 6 _02 6 35 Do. 

Hudson ........ ------ -----------· .. ----- -----·--· 9 20 Mean of 5 stations. 
Jersey City __ .... 1871 7 55 9 35 N.J. Geol. Survey. 

Harrison ........ 1887 7 49 8 25 Do. 

Secaucus ........ 1887 8 45 9 20 Do. 

West Hoboken .. 1887 8 55 9 30 Do. 

Hnnterdon ..... ------------------ ·----- .............. 7 45 Mean of 15 stations. 
Flemingtbn _ .... 1887 7 14 7 50 N.J. Geol. Survey. 

Frenchtown ..... 1887 7 10 7 45 Do. 

Glen Gardner .... 1887 6 59 7 35 Do. 

High bridge ..... 1887 8 18 8 50 Do. 

Lambertville ... 1887 6 55 7 30 Do. 
Lebanon ........ 1887 6 53 7 30 Do. 

Patten burg ..... 1887 6 53 7 30 Do. b• Va!iey .......... 1887 7 04 7 40 
Do. ~ 

_-.- ........... * * * ....................... ··--··-·· 7 45 Mean of 5 stations. 

17 GEOL, P'l' I--25 



386 MAGNETIC DECLINATION IN TRE UNITED STA'l'ES: 

c------ --- -----

Yem Observed De('.lina-
-County. Town, 9ity, etc ofob- declina- tion in :Remarks. serva-

tion. tion. 1900. 

--

0 I 0 I 

Mercer _________ Hamilton Square 1885 6 58 7 40 N.J. Geol. Survey. 
Hightstown _____ 1887 7 18 7 55 Do. 
Princeton ______ . 1887 7 09 7 45 Do. 
Trenton ________ . 1887 7 13 7 50 Do. 

Middlesex .. _ ... ------------ -----. ·----- --------- 8 10 Mean of 7 stations. 
Jamesburg. ____ . 1887 7 25 8 00 N .• J. Geol. Survey. 

New Brunswick. 1887 7 34 8 10 Do. 

I Perth Amboy .... 1885 7 43 8 25 I Do. 
Monmouth .......••... _. _ ........ ··---- --------- 8 00 Mean of 9 stations. 

Freehold ..... _ .. 1887 7 15 7 50 N.J. Geol. Survey. 

Morganville ..... 1887 7 35 8 10 no. 

Redhank ........ 1887 7 23 8 00 Do. 

Randy Hook ..... 1885 7 53 8 35 Do. 

Seabright ....... 1884 7 12 7 55 no. 
Sea girt ___ ....... 1884 6 59 7 40 Do. 

Morris .... ___ .. ------------------ ------ -------- 8 45 Mean of29 stations. 

Boonton ......... 1887 8 05 8 40 N.J. Geol. Survey. 

Chester ...•..... 1887 7 56 8 30 Do. 

Dover ..••••..... 1887 8 58 9 35 Do. 

Gillette ••.••.... 1887 7 53 8 30 Do. 

Hanover ........ 1887 8 00 8 35 Do. 

Lake Hopatcong. 1884 8 15 9 00 Do. 

Morristown ..... 1887 9 00 9 35 Do. 

Newfoundland .. _ 1887 7 58 8 35 Do. 
Ocean .......... ------------·----- ------ .......... 7 40 Mean of 6 stations . 

Barnegat ....•••. 1887 I 6 52 7 25 N .. J. Geol. Survey. 

i Long Beach ..... 186o I 5 18 7 40 Do. 
New Egypt ...... 1887 6 56 7 30 Do. 

Seaside Park .... 1887 6 56 7 30 Do. 

Whitings ........ 1887 7 09 7 45 Do. 

Passaic ........ ..... -------------- ·----· --------- 8 55 Mean of 8 stations. 

Paterson ........ 1887 8 00 8 35 I N.J. Geol. Survey. 
Pompton _ ....... 1887 ' 9 16 9 50 I Do. 

Saltlrn .......... I 6 40 --·--------------- ------ --------- Mean of 4 stations. 

Salem ........... 1887 5 42 6 15 N. J. Geol. Survey. 

Somerset ..... -
B-1~-~~~ ~~:~~ ~ ~: : ~I'~~~~. 

-- .. -... -- 8 05 Mean of 7 stations. 

7 36 810 N.J. Geol. Survey. 

Middlebush ..... 11887 7 13 7 55 Do. 

Somerville ..... -11887 7 22 7 55 Do. 

I SuoAA< -- - - ~;;~;,;;;~~::::: 
1 

;;;; 
. -......... 7 45 Mean of 33 stations.! 

7 29 8 05 N.J. Geol. Survey. 

- _j 
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Year Observed Declina-
County. Town, city, etc. ofob- declina- tion in Remarks. serv-a- tion. 1900. tion. 

0 I 0 I I 
Sussex ......... I Hamburg ...... - 1882 7 04 8 00 N.J. Geol. Survey. 

Layton ......... 1887 7 25 8 00 Do. 

Montague ....... 1887 7 21 7 55 Do. 

Monroe Corner . . 1887 7 03 7 40 Do. 
I 

Newton......... 1887 7 21 7 55 Do. 

Unionville ...... 1887 6 15 6 50 Do. 

Union .......... 1 .................. ------ ---- ---·. 8 25 Mt>an of 3 stations. 

l'lamfiel<l ....... 1887 7 40 8 15 N.J. Geol. Survey. 

Warren ........ ------------ ·----- -----· --------- 7 25 Mean of 18 stations. 

Allam nchy ...... 1887 8 18 8 50 N .. J. Geol. Survey. 

Blairstown ...... 1887 7 25 8 00 Do. 

Hackettstown ... 1887 6 50 7 25 Do. 

Hardwick ....... 1886 711 7 50 Do. 

l_ Phillipsbnrg .... 1887 6 10 6 45 Do. 

\V arreuville ..... 1881 6 00 6 50 Do. 

NEW MEXICO. 

Observations in New Mexico have, as everywhere else in the Land 
Office States and Territories, been derived mainly from the surveys of 
the General Land Office. In the cas~ of this Territory, they come 
almost exclusively from the surveys of standard lines and township 
exteriors. A few results are included from the Wheeler and one from 
I1ieutenant Ives's expedition. The Land Office work is of excellent 
quality in this Territory, being mainly of date subsequent to 1880. 

The line of 110 secular variation crossed New Mexico between 1860 
and 1865, and the results have been corrected by the use of the following 
table, derived from series in Colorado, modified to accord with the 
southward flatteuing of the curve of secular variation. 

Reduction. 

,Year. 
Eastern Western 

part. part. 

0 I 0 I 

1890 .................... 0 .... .... .... ...... 0 35 0 30 
1880 .......... :.. ...... ...... ...... .... ... . 1 00 0 50 

L-1_1:_~_~_::_:_::_:_:_::_:_:_·:_:_::_:_: __ ·:_:_::_:_:_::_:_:_::_:_::_:_:_::_·~--~-~-~~-~ 
The declination is east, and the above corrections are to be subtracted. 
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Year Observed Declina-
County. Town, city, etc. ofob- declina- tion in Remarks. serva-

tion. tion. 1900. 

' 
0 I 0 I 

Bernalillo ....•. Eastern .....•••. 18l:S1 13 06 12 20 Mean of 45 stations. 

Middle .....•.... 1882 13 30 12 45 Mean of37 stations. 

Western .....•... 1881 13 42 13 00 Mean of 23 stations. 

Albuquerque .... 1888 13 10 12 35 C. &G. S. 

Isleta ..•...••.•. 1854 13 13 12 20 Ives. 

Fort Wingate ... 1873 14 52 1400 Wheeler. 
Chaves ........• Northeastern .... 1882 12 13 ! 11 20 Mean of o5 stations. 

Southeastern .... 1882 u 28 I 10 35 Mean of 24 stations. 

Northwestern ... 1881 12 30 11 35 Mean of 49 stations. 

Southwestern ... 1880 12 16 11 20 Mean of 42 stations. 
Colfax ......... Eastern ..••..... 1882 13 33 12 40 Mean of 16 stations. 

Western· ..•••.... 1~81 13 27 12 30 Mean of 3 stations. 
Donna Ana ..... Northeastern .... 1882 12 28 11 45 Mean of 36 stations. 

Southeastern .... 1880 12 27 11 40 Mean of 40 stations. 

Western ......... 1883 12 25 11 40 Mean of 57 stations. 
Eddy .•..••••.. Northeastern .... ........ .......... 10 40 Estimated. 

Southeastern .• : . 1884 11 32 10 45 Mean of 10 stations. 

Northwestern ... 1882 1154 11 00 Mean of 32 stations. 

Southwestern ... 1883 12 00 11 05 Mean of 36 stations. 
Grant ...•.••... Northeastern .... 1883 - 12 37 11 50 Mean of 1.6 st.ations. 

Southeastern .... 1886 12 21 11 40 Mean of 22 stations. 

Northwestern ... 1883 12 33 11 50 Mean of 43 stations. 

Southwestern ... 1883 12 21 11 40 Mean of 34stations. 

Deming ......... 1888 12 46 12 10 C. &G. S 

Fort Bayard ..... 1878 12 56 12 00 ·Wheeler. 
Guadaloupe ..•• N ortheasteru .... 1879 12 24 11 20 Mean of31 stations. 

Sou theasteru .... 1882 12 18 11 20 Mean of 45 stations. 

Northwestern ... 1871 12 52 11 40 Mean of 35 stations. 

Southwestern ... 1880 12 36 11 30 Mean of 21stations. 

Lincoln ..•••••. Northeastern .... 1882 12 34 11 40 Mean of 40 stations. 

Southeastern •... 1884 12 43 12 00 Mean of 5 stations. 

East middle ..... 1880 12 22 11 30 Mean of 30 stations. 

West mi<ldle .... 1873 12 40 11 45 Mean of 7 stations. 

Northwestern ... 1881 12 42 11 50 Mean of 21 stations. 

Southwestern ... 1884 12 06 11 25 Mean of 11 stations. 

Mora ...•....... Eastern ......... 1881 13 23 12 30 Mean of 28 sta.tions. 

Western ......... 1882 13 42 12 50 Mean of 5 stations. 

Rio Arriba ..... Northeastern .... 1882 13 47 13 00 Mean of 18 stations. 

Southeastern .... 1882 13 34 12 45 Mean of26 stations. 

Northwestern ... 1882 13 13 12 35 Mean of21 stations. 

Southwestern ... 1882 13 00 12 15 Mean of 9 station~. 

Embudo ..•..... 1874 13 15 12 20 Wheeler. 
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Year Observed Declina- -~b~ County. Town, city, etc. ofob- declina- tion in serva-
tion. tion. 1900. 

0 I 0 I 

Rio Arriba ..... Abiquiu ......... 1874. 13 54 13 00 Whee 

Tierra Amarilla . 1873 13 43 12 50 l)o. 

SanJuan •...... · N ortheasteru .... 1881 13 12 12 25 Mean of 32 stations. 

Southeastern .... 1882 13 02 12 15 Mean of 21 stations. 
Northwestern ... 1881 13 36 12 45 1 station. 

Southwestern ... ······ ·-------- 13 00 Estimateu. 

San Miguel ..... Eastern ......... 1877 12 52 11 ,15 Mean of 5 stations. 
Milldlc .......... 1878 13 02 11 55 Mean of 24 stations. 

Western ......... 1875 13 15 12 10 Mean of 38 stations. 
Santa Fe ....... K orthern ........ 1883 13 30 12 30 Mean of 8 stations. 

Southern ...... --~1876 13 18 12 00 Mean of 13 stations. 
Santa Fe.... .. .. 1886 12 55 12 05 C.&G.S. 

Sierra ......... Northern ........ 1882 12 50 12 05 Mean of 49 stations. 
Southern ........ 1885 12 48 12 08 Mean of 15 stations. 

Socorro ....... Northeastern .... 1869 12 53 11 30 Mean of21 stations. 

Southeastern .... 1881 12 18 1110 Mean of 50 stations. 

North middle .... 1881 13 13 12 10 Mean of 85 stations. 

South middle .... 1882 12 43 11 45 Mean of 48 stations. 

Northwestern ... 1882 13 18 12 20 Mean of71 stations. 

South western ... 1884 12 58 12 10 Mean of 56 stations. 
Fort Craig ______ 1888 12 26 11 45 C.&G.S. 

Taos .......... ------------------ 1881 13 27 12 30 Mean of 20 stations. 
Union ......... Northern ..... _ .. 1880 12 34 11 4.5 Mean of 21 stations. 

Southern ........ 1880 12 30 11 40 Mean of 57 stations. 
Valencia ....... l-ong. 105-106 .... 1881' 12 35 11 45. Mean of 44 stations. 

Long.106-107 .... 1879 12 33 11 45 Mean of 22 stations. 
Long. 107-108 .... 1881 13 20 12 30 Mean of 4.8 stations. 
Long.108.:_109 ... 1882 13 28 12 :50 Mean of 62 stations. 

NEW YORK. 

The observations in New York are derived from various sources, the 
United States Coast and Geodetic Survey, the United States Lake 
Survey, the New York State Survey, Geological Survey of New York, 
Adirondack Survey, and county and city surveyors. They bear various 
dates, ranging from 1821 down to the present time. 

Wherever in the county table the mean of several stations is given 
for the county, it is understood to include the stations which are given 
individually. 

The line of no secular change apparently crossed New York about 
the beginning of the century. The earliest of these observations are 



300 MAGNETIC DECLINATION IN THE UNITED STATES. 

therefore scarcely, if at all, afl"ected by the change in secular variation, 
and corrections have been applied to them to reduce them to the epoch 
lfiOO, as derived from the series in this t;tate, New Jersey, and Penn· 
sylvania. These corrections are set forth in the following table: 

____ Y_ea_r_. ___ '"'""""" I 
0 I 

I Reduction. 

------~ 

Year. 

0 I 

1890 .. - - - . - - - - . - - - - - 0 25 1840- - - - - - - - - - - - - - -. 3 20 

1880 .. - - - . - - - - - - - - -- 0 55 1830- - - - - .. - - - - . - - -- 4 15 

1870.-------- .. ----- 1 45 1820.----.---------- 4 50 

.-

-1_8_6_0 _________________________ ----~-;,-~-~-1-81_0 ________________ -~--_ _ _ 5 05 1 
~850.-- .. -- --- ------ - w -- ____j 

The declination is west, and the reductions for secular variation are 
to be added. 

Year Observed I 
County. Town, city, etc. ~:r~~: de?lina· 1 

------1-------1 """· . ""~·' . 
Albany ___ . _________________ . _____ . _____ . ______ . _ 

Albany ______ ----11879 9 52 
Allegany __ . __ . . . __ .. ____ . _ _ _ _ _ _ _ _ . ____ . ________ _ 

Belmont. _____ ... 1895 5 30 

Broome ___ . ___ . Binghamton.- .. _ 1895 7 50 

Cattaraugus .... -----------·-----­
Ellicottville .. __ 1841 2 36 

Cayuga . ____ . _______ . ____ . __ --- __ . ____ _ 

Auburn------. 1833 3 43 
Chautauqua .. _. 

Mayville . __ - - . - 187 4 2 25 

W estfiel<l ---- - . . 1875 3 18 

Dunkirk-------- 1845 1 12 

Freuonia. __ - --- _ 1895 

Chemung---·------------------·-··----

4 50 

Chenango-----·------ ________ --···-·-·-
Oxford . ____ - . --. 1885 7 43 
Sherburne .. ---- _ 1875 7 50 

Clinton _ _ _ _ _ _ _ _ _ _____ . _ . _ . _ _ _ _ _ _ _ . ___ . _ 

Rouse Point' ___ .. 1879 13 40 

Platts burg . ----. 1870 10 52 

West Chazy----· 1838 9 20 
Champlain . -- _ _ _ 1838 9 30 

Declina-
tion in Remarks. 

1900 .• 

0 

10 15 Mean of 9 stations. 

10 50 C. & G. S. 

5 50 Mean of 3 stations. 

5 45 County surveyor. -

8 00 Do. 

5 45 Mean of 3 stations. 
5 55 C. &·G. S. 
8 05 Mean of 3 stations. 
7 40 GeoL Survey, N.Y. 
4 05 Mean of 4 stations. 
3 50 N.A. S. 
4 40 U. S. Lake Survey. 
4 20 Do. 

5 00 County surveyor. 

7 30 Estimated. 

8 35 I Mean of 3 stations. 

8 25 C. & G. S. 
9 10 Do. I 

13 40 Mean of 9 stations. 

14 40 C. & G. S. 

12 3:5 U. S. Lake Survey. 

12 50 Silliman's .Journal. 

13 00 Adironuack Survey. 

10 10 I Mean of 3 stations. 
10 25 Geol. Survey, N.Y. 
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Year Observed I Declins,~ 
County. Town, city, etc. of ob- declina- tion in Remarks. servu- tion. 1900. tion. 

0 I 0 ' 
Colnmbi'a ------ Livingston ______ 1888 9 30 10 00 C.&G.S. 

Hudson _________ 1888 9 30 10 00 Do. 
Cortland _______ Homer·--------· 1840 5 05 8 25 Geol. Survey, N.Y. 
Delaware . _____ ---- ·------------- ------ --------- 9 00 Mean of 2 stations. 

Loomis. __ ... ____ 1882 8 10 9 00 C.&G.S. 
Dutchess. ______ Marlalin . _ . ____ .. 1878 8 45 9 50 Do. 

Erie ----- ·----- ------------------ ------ --------- 5 20 Mean of 6 stations. 
Buffalo. _________ 188;) 5 00 5 40 Count~- surveyor. 
Fort Erie ...... __ 1839 1 15 4 40 U. S.Lako Survey. 
Grand Island ____ 1875 3 00 4 20 Do. 
Tonawanda . ____ 1875 3 50 5 10 Do. 

Essex _________ . -·---------- ------ ------ --------· 12 00 Mean of 14 stations. 
Lewis.------ ____ 1895 12 56 13 10 County surveyor. 
Crown Point __ _ : 1879 9 35 10 35 Adirondack Survey. 
Keene Valley ____ 1883 11 32 I 12 20 Do. 
Keeseville. ______ 1838 8 40 12 10 Silliman's J onrnal. 

Franklin _______ -·---------------- -----· --------- 11 25 Mean of 7 stations. 

Upper 
Lake. 

Saranac 1883 10 45 11 30 Adirondack Survey. 

St. Regis lakes __ 1883 10 10 10 55 Do. 
Malone __________ 1883 12 30 13 15 Do. 

St. Regis ________ 1883 10 30 11 15 Do. 
Fulton _________ Johnstown ______ 1818 6 00 10 55 Geol. Survey, N.Y. 

Genesee-------- ··-----.---·------- ·----- --------· 5 45 Estimated. 
Greene_ -- ______ ------------------ -----· --------· 10 25 1 station. 

Hamilton ------ -- .. -- .. -----------. ----- --------- 10 15 Mean of 3 stations. 

Piseco Lake_--·- 1883 11 00 11 45 Adirondack Survey. 
Morehouseville __ 1883 8 25 9 10 Do. 

Herkimer------ -----------······· ······ -----···· 9 35 Mean of 12 stations. 
Little Falls .. ____ 1880 7 20 8 15 N.Y. State Survey. 

Jefferson _______ ....................... ......... . ............ 9 10 Mean of 11 stations. 
Mannsville ______ 1884 6 50 7 35 C.& G.S. 
Pierpont Manor __ 1874 6 12 7 35 Do .. 
Sackett Harbor __ 1874 9 45 11 10 U.S. Lake Survey. 
Leraysville. _____ 1826 5 45 10 15 Adirondack Survey. 

Plessis---· ...... 1858 7 35 10 00 C.&G.S. 
l{ings --- _______ .............................. .... -.. --------- 9 05 1 station, C. & G. S . 
Lewis _________ , -..... -.................... -.. ------ . ........... 9 00 Mean of 2 stations. 

Lowville .... _--- 1821 4 30 9 15 C.&G.S. 

Livingston . - ... ............................ ------ ............ 7 50 1 station . I Madison-------· -----·--···------- .......... -···----- 8 20 Mean of 8 stations. 
Fenner ____ -----· 1882 7 15 8 05 C.&G.S. 
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Year Observed Declina-
County. Town, city, etc. ofob- dec! ina- tion in Remarks. serva-

tion. iion. 1900. 

0 I 0 I 

Madison ...•.... Hamilton ..••... 1837 4 30 8 05 Geol. Survey, N.Y. 

Eaton ........... 1879 7 55 8 55 N.Y. State Survey. 

Cazenovia ....... 1843 3 52 7 05 Geol. Survey, N.Y. 

Monroe ......... ------ ---·-------- -----· --------· 6 25 Mean of 2 stations. 

Rochester ....... 1893 6 42 7 00 City surveyor. 

Charlotte ...•••. 1875 4 .30 5 50 U.S. Lake Survey. 

Montgomery ... ----------------- ......... ............. 10 00 Mean of 3 stations. 

Oak Ridge ...... 1880 9 15 10 10 N. Y. State Survey. 

Canajoharie ..... 1839 6 05 9 30 Geol. Survey, N. Y. 

New York ...... -----------·------ ......... .............. 9 45 Mean of 8 stations . 

Niagara ........ -----------------· .......... -------·· 5 00 Mean of 9 stations. 

Lockport ...•.•.. 1895 4 05 4 20 County surveyor. 

Niagara Palls .... 1874 3 37 5 00 N.A.S. 

Suspension 1875 2 24 3 45 U.S. Lake Survey. 
Bridge. 

Youngstown ..... 1864 3 00 5 05 Do. 

Port Niagara .... 1864 3 00 5 05 Do. 

EastPorter ...... 1875 3 15 4 35 Do. 

Oneida .......•. ·------------···-- ............ -----·-·· 9 35 Mean of 9 stations. 

Clinton ......... 1874 8 05 9 30 C.&G.S. 

Prosr,ect ........ 1882 10 50 11 40 Do. 

Utica ........... 1835 3 53 7 40 Silliman's Journal. 

Rome ........... 1879 7 52 8 50 N. Y. State Survey. 

Vienna .......... 1879 8 24 9 25 Do. 

Onondaga ...... -----------------· ----- ............... 8 00 Mean of 9 stations. 

Ontario ........ 1 

Kirkville ........ 1879 7 03 8 05 N.Y. State Survey. 

Geneva --------· 1833 3 50 7 50 Geol. Survey, N.Y. I 
Orange ......... ------------------ ----- ............. 8 45 Mean of 5 stations. 

Port Jervis ...... 1873 7 05 8 35 C.&G.S. 

Liberty Corner .. 1874 6 45 8 10 Geol. Survey, N.J. 

Unionville ... _ .. 1874 6 03 7 30 Do. 

Monroe --------- 1859 6 38 9 00 C.&G.S. 

\Vest' Point ..•... 1835 6 30 10 15 Geol. Survey, N.Y. 

Orleans ........ ------------------ ------ --------- 5 50 Mean of 2 stations. 

Oak Orchard .... 1875 3 45 5 05 U. S. Lake Survey. 

Oswego .... _ .. ----------------- ------ --------- 9 10 Mean of 2 stations. 

Port Ontario .... 1874 8 10 9 35 U. S. Lake Survey. 

Sandy Creek .... 1874 7 50 9 15 Do. 

Otsego ......... ------------------ ------ --·------ 9 05 Mean of 2 stations. 
Otsego, _____ .... 1882 8 45 9 35 C.&G.S. 

Cherry Valley ... 1839 5 13 8 40 Oool. Smey, N. Y.l I Putnam ........ Coldspring ...... 1855 5 35 8 10 C.&G.S. 
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[:~, Year I Declina-of ob· Obse!ved 
Town, city, etc. serva de4?lma- tion in Remarks. 

tion. twn. 1900 

0 I 0 I 

Queens ......... ...... -----------· ---- .... --------· 9 00 Mean of 5 stations . 

Far Rockaway .. 1875 7 12 8 30 C.&G.S. 
Oyster Bay ... __ . 1844 6 50 10 00 Do. 

Jamaica -------- 1835 4 00 7 45 Silliman's .Journal. 
Rensselaer . ____ -------=---------· ------ --------- 10 45 Mean of 3 stations. 

Troy ............ 1896 10 57 11 05 W. & L. E. Gurley. 

Greenbush .. _ ... 1855 7 55 10 30 C.&G.S. 
Richmond ... __ . Cole ---·-------- 1846 5 36 8 40 

I 
Do. 

Rockland ...... ------------------ ------ -----···· 9 00 Estimatecl. 

St. Lawrence ... -----------.------ ------ --------- 10 50 Mean of 11 stations. 

Ogdensburg •. __ . 1838 6 10 9 40 Regent report. 

Colton ....... , .. 1883 9 35 10 20 Adirondack Survey. 

Saratoga ... __ .. Schuyler_ ....... 1879 8 56 9 55 N.Y. State Survey. 

Schenectady ... ------------------ ------ --·------ 10 45 Mean of 4 stations. 

S(· benectady .... 1859 8 00 10 25 C. &G. S. 

Schoharie .. __ .. ____________ ,. _____ 
·----- --------· 10 10 Mean of 4 stations. 

Schuyler ... __ .. ------------------ ·----- --------- 7 30 Estimated. 

Seneca . __ ...... ------------ --- ..... - ------ --------- 7 45 Do. 

Steuben .... __ .. ------ ----------·· ------ ............. 7 20 Mean of 3 stations. 

Bath------ ______ 1879 5 15 6 15 

I 

C. &G. S. 

Suffolk. __ ...... I 9 50 Mean of 14 stations. ------ -----.---- ... ------ -.. -..... -- .. 
Fire Island ... __ . 1860 7 45 10 05 C. &G. S. 

Babylon ......... 1875 7 35 8 55 Do. 

Patchogue ...... 1875 8 00 9 20 Do. 

West Hampton .. 1875 8 40 10 00 Do. 

Ruland .... --_--- 1865 7 30 9 35 Do. 

East Hampton ... 1875 9 05 10 25 Do. 

Sag Harbor ... __ . 1860 8 80 10 50 Do. 

Montauk Point .. 1875 9 45 11 05 Do. 

Green point ... ___ 1845 ---- ~- ~~-1 
10 25 Do. 

Sullivan .... -.. -.... ---·----------·--- 8 45 Estimated. 

Tioga .. ---- .. -- ------------··---- ------ --------- 7 20 Mean of 19 stations. 

Owego ..... : .... 1895 7 15 7 30 County surveyor, 

·waverly .... __ .. 1877 5 30 6 40 C. &G. S. 

Tompkins-----· ---------···------ ........... --------- 7 00 Mean of 2 stations. 
Ithaca ____ ...... 1895 6 58 7 10 City engineer. 

Ulster .. ________ -...... -...... -............... ------ -···----- 10 00 Mean of 2 stations. 

Kingston .... ___ . 1893 9 40 10 00 City engineer. 

Warren -...... -.... ---- _______ ,. ______ ------ -·------- 11 ~5 Mean of 12 stations. 

North Creek ..... 1883 11 35 12 20 Adirondack Survey. 

Stony Creek ..... 1883 11 10 11 53 Do. 
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Town, city, etc. 
Year 
of ob­
serva­
tion. 

Observed 
declina­

t,ion. 

Declina­
tion in 

1900. 
Remarks. 

-------1--------1-------- ---1--~-----1 

0 I 

·Warren ........ Starbuckville ... 1883 10 32 

.Johnsburg ...... 1883 10 40 

Horicon ......... 1883 10 30 

"Warrensburg .... 1>18:-l 11 00 

Thurman ........ 1883 11 23 

Washington ........... · ........................ . 

\'layne ............ __ ............... -- .......... . 

Clyde . .. . . . . . . . . 1883 7 05 

Westchester .................................... . 

New Rochelle. .. . 1844 

Port. Chester. . . . . 1844 

Wyoming------ Warsaw ........ 1895 

Yates--·- ...... -------------------····· 

5 30 

6 00 

5 15 

NORTH CAROLINA. 

0 I 

11 20 Adirondack Survey. 

11 25 Do. 

11 15 Do. 

11 45 Do. 

12 10 Do. 

11 15 Estimated. 

7 45 Mean of 5 stations. 

7 50 C. &G. S. 

9 15 Mean of 7 stations. 

R 45 C. &G. S. 

9 15 Do. 

5 30 County surveyor. 

8 25 1 station. 

Declination data in North Carolina. are extremely scanty, only 24 
counties out of 95 being represented. These observations are derived 
from the returns of county surveyors, from the United States Coast 
and Geodetic Survey, and the National Academy of Sciences. Most of 
them are of recent date, the earliest having been taken in 1847, while 
the majority bear date later than 1880. These observations have been 
reduced to 1!.100 by applying <·orrections derived from series of obser­
vations in thh; State, South Carolina, and Georgia, as set forth in the 
following table: 

Year. Reduction. Year. I Red uction.l 
--0 -,- ----------~-- -0·--,---

1890-- -- . -- . -- -- -- -- 0 35 1840-- -- -- -- -- -- -- -- 3 15 

1880 .• -- -- -- . -- . -- -- 1 05 1830-- -- -- -- . -- -- . -- 3 30 

1870---- ---- .. -- ---- 1 50 

I::- : :: 
1820 -- -- -- -- -- -- . -- . 

1810 .. ---- .. --------

3 45 

:J 
The declination is west, except in a few counties in the west end of 

the State, where it is east. These are distinguished by the letter E. 
The above corrections are to be added to west declinations and sub­
tracted from east declinations. 
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County. Town, city, etc. 
Year 
ofob­
serva~ 

tion. 

Alamance ....••.......... __ .. . . . . 1895 

Alexander ... _.. Ellendale . . . . . . . 1896 
Alleghany .. __ . . . ... _ ... ____ . ____ _ 

Anson ...... __ . . __ .. ______ . __ . _.... . ___ . _ 

Ashe ______ .---------- ______ ...... ----·· 

Observed 
declina~ 

tion. 

Declina­
tion in 

1900. 

0 I 0 I 

2 oow. 
0 45 E. 

2 15 w. 
0 35 E. 

0.45W. 

1.00 w. 
0 30W. 

Re;:narks. 

County surveyor. 

Do. 

Estimated. 

Do. 

Do. 

Beaufort ....... ·-----·--------·-- ...... --------- 315"\V. Do. 

Bertie .......... Ste\•enson Point. 1847 1 40 W. 4 35 W. C. & G. S. 

Bladen ............... _........ .. . 1891 0 45 W. 1 15 vV. County surveyor. 

Brnnswick _ . . . . Smithville .. _. __ . 1887 1 08 yY. 1 55 vV. C. & G. S. 

Bnncombe ...... Asheville ........ 1873 2 00 E. 0 20 E. N. A. S. 

Bnrke. ____ . . . . Morgantown . . . . 1873 1 18 E. 

Cabarrus .. __ ............ _ ........... _ .......... . 

~:~~~~1.: :::~::1 :::~::~ ::::::::::: :::::: ::::::::: 
Cal'teret........ Beaufort _ ... __ .. 1880 1 45 W. 

Portsmouthisl'd. 1871 2.22 W. 

Caswell ... :---·.······ ............ 1887 0. 30 E. 

Catawba ......................•....•... __ ...... . 

Chatham .......................•......... ___ . _ .. 

0 15 W. Do. 

0 50 W. Estimated. 

0 30 W. Do. 

3 50W. Do. 

2 50 W. C. & G. R. 

4 lOW. Do. 

0 15 w. 
0 45 W. 

2 oow. 

County surveyor. 

Estimateu. 

Do. 

Cherokee .....•.................................. 0 30E. Do. 

Chowan. _ .. _ ......................... _. _ ...... _. 

~~:~e~~~-(~:: ::::::::::::::::::::::: :: ~::: ::::::::: 
3 30 w. 
0 15 E. 

0 45W. 

Do. 

Do. 

Do. 

Columbn~ ...... ·----- ..........••............... 1 45 W. Do. 

Cmven ......... Newbern ........ 1887 155W. 2 40W. C. &G.S. 

Cumberland .... ---------········· ............... 2 OOvV. Estimated. 
Currituck ........ _ .............••.... _ ......... _ 4 00 W. Mean of 4 stations. 

Coinjock __ .. . . . . 1874 2 45 W. 4. 15 W. County surveyor. 

Dare ................................... --------- 3 50W. Meau of 2 results. 

C. &G. S. 

Davidson ............................ __ .... _ ... _ 1 15 vV. Estimated. 

Davie .......... ---···-----· ..................... 1 00 vV. Do. 

Duplin .......................... . 

~~~~:=~~~- :::J:::: ::::::::::::: :::::: 
Forsyth .. _ . __ . ·I· . . . . . . . . . . . . . . . . . . .. _ .. 
Franklin . . . . . . . . ............•.•. _ 

Gaston ........ ·1· ..... : .......... . 
Gates---- .... -- ---· ...... ---- ... . 

Granville------ ______________________ _ 

2 30W. 

2 30W. 

3 lOW. 

115W. 

2 45W. 

0 45W. 

3 30W. 

0 00 
2 30W. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. I 
Graham .... ----~---· ...... _____________ _ 

L--------~--------~---~--~----~--------~ 
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County. Town, city, etc. 
Year Observed 
of ob- declina-
su~:~- tion. 

Declina­
tion in 

1900. 

0 f 0 I 

Remarks. 

Greene......... . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . 2 45 W. Estimated. 

Guilford . . . . .. . Greensboro...... 1873 0 43 E. 0 55 W. N. A. S. 

Halifax ........ Weldon . .. . . ... . 1887 2 30 W. 3 15 W. C. & G. S. 

Harnett ......................................... 2 15 W. Estimated. 

Haywoo<l ....................................... 0 10 W.l Do. 

Henderson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 15 W. Do. 

Hcrtforil ....... Ridilicksville .... 1887 2 30 W. 3 15 W. C. & G. S. 

Hyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 3 30 W. Estimated. 

Iredell ........................ c.. . . . . • . . . . . . • • • . 0 45 W. Do. 

,Jackson ......................................... 0 10 \V. Do. 

Johnston ........................................ 2 30 W. Do. 

Jones ........................................... 2 40 W. Do. 

Lenoir ............................... .. 

Lincoln . . . . . . . . Lincolnton . . . . . . 1896 0 42 W 

McDowell ..................................... .. 

Macon ......................................... . 

2 40W. 

0 55 W. 

0 30 w. 
0 00 

Do. 

County surveyor. 

Estimated. 

Do. 

Mailison . . .. .. . .. . .. . .. . . . . .. . .. . .. .. . . . .. . .. .. . 0 15 W. Do; 

Martin .......................................... 3 15 W. Do. 

Mecklenburg ... Charlotte ....... 1873 1 04 E 0 35 W. C. & G. S. 

Mitchell ........................................ 0 15 W. Estimated. 

Montgomery .................................... 1 15 W. Do. 

Moore ........................................... 145W. Do. 

Nash ............................................ 3 00 \V. Do. 

Now Hanover.. Wilmington..... 1854 1 13 E 1 25 W. C. & G. S. 

Northampton .................................... 3 15 \V. Estimated. 

Onslow ......................................... 2 30 W. Do. 

Orange ......... c ... :--· ......................... 2 Hi \V. 

Pamlico........ . . . . . . . . .... .. . .. . .... . . .. .. .. . . . 3 00 W. 

Pasqnotank ..................................... 3 45 W. 

Pender .......................................... 2 15 vV. 
Perqnimans ..................................... 3 40 W. 

Person ........................... 1895 1 50 W l2 05 W. 

Pitt .................................... 
1 
.... ~ ----13 00 W. 

Polk ........... Columbus ....... 1896 2 0::> E. · 1 50 E. 

Ramlolph ....................................... 1 30 W. 

Richmond ....................................... 1 30 W. 

Robeson ..................................... ---- 1 30 W. 

Do. 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

Estimateil. 

County surveyor. 

Estimated. 

Do. 

Do. 

Rockingham .................................... 1 45 W. Do. 

Rowan......... Salisbury ....... 1873 0 52 E. 0 45 W. N. A. S. 

Rutherford..... . . .. . . . .. .. . . .. .. . .. .. .. . . .. . .. .. 0 30 W. Estimated. 

Sampson ....... 1 ...... ···-·· ······ ······ 2 15 W. Do. 
I 
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J'r e~t-1 Obsc;vcrl 
County. Town, city, etc. serva· de?hna-

t.ion. twn. 

0 I 

Stanly ......... \ ............................. -.. . 

:::~.~8.::: ~~~:::I:::::::::::::::::: :::: :~ ::::::::: 
~:a~:y·l~~~;~:::):::::: :::::::::::: :::::: ::::::::: 
Tyrrell ......... I ......... -................. -. -. -. 

~ ::::::: : :: :: : : I : :: : :::: :::: :: :::: : : :: : : :: : : : :: :: 
Wake .... ----··1 Raleigh ......... 1887 1 18 W. 

Warren ...... --I-~~~~~~-i~~~::::::: . ~~~~ .1. ~. ~~ -~~--
·washington ... ·I·... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Watauga ....... : ................................ . 

~~~:::::::::::: i -~-~~~-8-~~~~:: :::::I.~~~~ .. ~- ~~--~~--
"\Vilson ......... i.... . . . . . . . . . . . . . . . . . . . . . ....... . 
Yadkiu ..... ····I···· ............................ . 

Declina­
tion in 
1900. 

0 I 

Remarks. 

1 00 W. Estimated. 

115 W. Do. 

1 00 W. Do. 

0 00 Do. 

0 10 W. Do. 

3 30 \V. Do. 

0 50 W. Do. 

2 45 W. Do. 

2 00 W. C. & G. S. 

1 45 W. County surveyor. 

3 00 W. Estimated. 

3 30 W. Do. 

0 30 W. Do. 

1 40 W. N. A. S. 

0 40 W. Estimated. 

2 50W. Do. 

0 50 W. Do. 

0 lOW. Do. Yancey .. ·-·····1···· ............................ . 
~---~----~----~--------

NORTH DAKOTA. 

The data for North Dakota are derived almost entirely from the 
surveys of the General Land Office. Some have been obtained from 
the survey of the northern boundary of the United States and from 
county surveyors. The I~and Office surveys are all of recent date, all 
of them being subsequent to 1870, and are of excellent quality. 

The line of no secular change crossed North Dakota between the 
years 1845 and 1855; consequently these observations are complicated 
little, if at all, with the change in secular variation. They have been 
reduced to the epoch 1900, in accordance with the following table, 
derived from series of observations in Nebraska and Minnesota, since 
such observations are almost entirely wanting in this State: 

l_,_·_ea_r_. ----- Reductiun.I ________ Y_e_ar_. _____ __ 
1- Ol 

I 1890 ............... . 

~0 .•••............ 
0 40 

1 20 
1870 ............... . 

1860 ............... . 

Reclnct.ion.

1

1 

0 ' 

1 5o I 

2~ 

The declination is east, and tl1e above corrections arc to be subtracted. 
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I County. Town, city, etc. 

.Allred ... -. . . . . . . Fort Berthold ... 

Barnes ... ' ......•••.............. 
Denson. ________ ................. . 

~~~:~:~~~:::: ::::1:::::::::::::::::: 
Bottineau ..... _I_ ................ . 

Yenr 
ofob­
serva­
tion. 

1860 

187~ 

1886 

1885 

1887 

Observed 
declina­

tion. 

c ' 
19 00 

13 37 

14 19 

16 55 

---------
16 05 

Bowman ............. ______ ...... . ... _ ... . 

Buford ....................................... .. o. 

Burleigh . . . . . . . . . . . . . . . . . . . . . . . . . 1881 15 11 

Bismarck ....... . 1895 14 14 
Cass ................. __________ _ 1874 13 30 
Cavalier .•.. ____ ...... ___________ _ 1885 13 40 
Church ........ ___ ... __ .. _______ _ 1S85 15 28 

Dickey ..... ---- ...••............. 1883 13 27 

Dunn---------- 1884 16 45 

Eddy .......... . 1882 14 17 

Emmons ...... . 1884 15 16 

Flannery ....... i . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 

Foster--------------------------- 1883 1416 
Garfiel<l .... ____ I ____ ------ ...• ___ 1888 Hi 35 

Grallll Forks ..•. -----------------
Grigg&. ____ .... -----------------
Hettinger ..•... ----- ------ ------
Kidder ........ . -----------------
Lamoure ...••.. -·-··------ ------
T ~ogan __ ...... _ ----------· ------
McHenry ...... . ------------------
Mcintosh ..... . ------------------
McKenzie .... . 

McLean ...... . 

Mercer ........ . 

Morton .... . 

Mountrallle .. . 

Nelson ........ . 

1877 

1881 

1891 

1878 

1881 

1883 

1886 

1884 

1883 

1885 

1884 

1882 

13 5i 

13 30 

16 08 

H 57 

13 41 

14 32 

15 10 

14 10 

16 15 

15 50 

16 01 

13 33 

I 
I 

Oliver---------

Pembina ...... . 

1882 15 561 
1871 14 00 

Pembina ....... . 1880 12 36 i 

Pierce. . . . . . . • . . . ................ . 1895 14 03 
Hamsey .............. ______ ..... . 

I Hansom ......... ~~~~~t- -~-~t-t~-n-::::: 
L_ 

1885 13 37 

1880 1 14 30 

1878 I 13 19 

Declina-/ 
tion in 
1900. 

----· 

0 I 

1{) 55 

12 00 

13 25 

15 55 

13 50 

15 15 

15 45 

17 00 

13 55 

13 55 

11 55 

12 40 

14 30 

12 20 

15 4.0 

13 05 

14 10 

16 30 

13 10 

14 50 

12 20 

12 15 

15 30 

13 30 

C.& G.S. 

Mean of 42 stations. 

Mean of36 stations. 

Mean of 3 stations. 

Estimated. 

Mean of13 stations. 

Estimated. 

N. Dound'y Survey. 

Mean of 4 7 stations. 

County surveyor. 

Mean of 45 stations. 

Mean of 48 stations. 

Mean of 4 stations. 

Mean of32 stations. 

Mean of 2 stations. 

Mean Gf 18 stations. 

Mean of 45 stations. 

N. Dound'y Survey. 

Mean of18 stations. 

1 station. 

Mean of 38 stations. 

Mean of20stations. 

Mean of13 stations. 

Mean of 40 stations. 

12 25 Meanof32stations. 

13 25 I Mean of 28 stations. 

14 15 .Mean of 29 stations. 

13 05 Mean of 28 stations. 

16 20 Estimated. 

15 10 Mean of 21stations. 

14 50 Mean of 13 stations. 

H 55 Mean of 52 stations. 

16 15 N. Bonnd'y Survey. 

12 20 Mean of 28 stations. 

14 45 Mean of 21 stations. 

12 15 Mean of 30 stations. 

11 15 C. &G. S. 

14 15 Mean of 28 stations. 

12 35 Mean of 33 stations. 

13 10 County surveyor. I , 
12 00 Mean of 28 stations.J 
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County. Town, city, etc. 
y car Observe.d ~· Doclina-
of ob- Ueclina- tion in 
Rc_rva- tion. 1900. 

Remarks. 

tJOD. I 

0 I 0 I 

Ransom . . . . . . . . Lisbon.... . . . . . . 1892 

Renville . . . . . . . . . . . . . . . . • . . . . . . . . 1893 

Richland....... . . . . . . . . . . . . . . . . . . 1873 

Rolette . . . . . . . . . . . . . . . . . . . . . . . . . . 1884 

Sargent ........... :. . . . . . . . . . . . . . 1882 

Sheridan....... . . . . . . . . . . . . . . . . . . 1~86 

Stark ............................ 1883 

Dickinson. . . . . . . 1895 

Steele...... . . . . . . . . . . . . . . . . . . . . . . 1878 

Stevens ......................... -11886 

Stu t~man . . . . . . . . . . . . . . . . . . . . . . . . 1875 

J arnestown...... 1880 

11 30 

16 16 

13 21 

14 35 

12 47 

15 32 

16 53 

16 35 

13 25 

15 49 

14 38 

13 30 

Towner . . . . . . . . . . . . . • • . . . • . . . . . . . 1885 14 15 

Traill . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1874 13 34 

vYallnce ........................................ . 

W alsll . . . . . . . . . . . . . . . • • • . . . . . . . . . 1881 13 35 

Ward ............................ 1887 16 06 

Wells ............................ 11885 14 32 

Williams ...... ·I· . . . . . . . . . . . . . . . . . 188'1 16 04 
~ 

OHIO. 

1l 00 County surveyor. 

15 50 

11 35 Mean of 37 stations. 

13 30 Mean of 22 stations. 

11 35 ' Menu of 24 stations. 

14 35 Mean of 6 stations. 

15 45 Mean of 26 stations. 

16 15 County surveyor. 

12 00 

1 

Mean of 20 stations. 

14 55 Mean of 5 stations. 

1.3 00 Mean of 63 stations. 

12 10 C. &G. S. 

13 15 Mean of 31stations. 

11 50 Mean of 20 stations. 

16 15 Estimated. 

12 20 Mean of 32 stations. 

15 u~ Mean of 22 stations. 

13 30 Mea!l of 31 stations. 

15 10 'Mean of 15 stations. 

The declination results for Ohio are derived in the'main from.the 
subdivision surveys of the General I~and Office; together with a few 
by the United States Lake Survey, United States Coast and Geodetic 
Survey, and a number by county surveyors. The Land Office surv~ys 
date from the latter part of the last century down to about 1840, and 
as the line of no secular variation apparently crossed Ohio between the 
yearg 1810 and 1820, the reduction of these observations to 1900 is 
complicated with the change in secular variation. The reduction" on 
account of secular variation. as deduced from the olJservations made 
within the State, are set forth in the following table: 

I Heduction.[ Year. Reductionl 

'---------1 
1890 .............. .. 

1880 ............... . 

.1870 .............. .. 

l£::~~:::::: :::: 
~--· 

0 I 

0 45 

1 30 

2 05 

2 30 

2 55 

1840 ............... . 

1830 ............... . 

1820 .... ···••· ..... . 
1810 ............... . 

1800 ............... . 

0 ' . 

3 20 

410 

4 35 

•I 30 

4 40 
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The line of zero declination crosses this State from north to south. 
East of this line the declinations are west and are designated by the 
letter W. West of this line they are east and are designated by 
the letter E. The preceding reductions on account of secular variation 
are to be added to west declinations and subtracted from east decli­
nations. 

~unty. Town, city, etc. I~ car 
fob-
rva-
ion. 

Adams ........................... .. 

Allen ............................ 1 

Ashland ......................... . 

Ashtabula ...... Ringsville ...... 1 

J effcrson.... . . . . 1 

Conneaut ....... 1 

Athens ......... Athens .......... 1 

Anglaize ................... ------11 
Wapakoneta .... 1 1 

Belmont . . . . . . . St. Clairsville . . . 1 

Brown ........ . 

--·· 
832 

807 

876 

856 

865 

880 

828 

883 

838 

----
Butler . . . . . . .. . Oxford.... .. . . . . 1 845 

CarrolL ........ Carrollton ...... 1 

Champaign .... ---------------··· .. 
Clark .. .. .. .. .. Springfield...... 1 

Clermont ...... 

Clinton . . . . . . . . Wilmington..... 1 

Columbiana .... Lisbon .......... 1 

Coshocton...... Coshocton ..... _ 1 

Crawford ...... --------··--······· 1 
Cuyahoga . . . . . . Cleveland.... . . . 1 

Dover...... . .. . . 1 

Darke ............................ 1 

Greenville. . . . . . . 1 

New Madison .... 1 

Defiance . . . . . . . .. . . . . .. . • . . . . . . • • 1 

Delaware ........................ .. 

Eric ............................. .. 

Samlnsky . .. .. • . 1 

Kelley Island.... 1 

Fairfield ......................... .. 

Fayette ........ Washington ..... 1 

Franklin ....... Columbus ....... 1 

895 

----
835 

----
895 

895 

838 

822 

888 

838 

801 

895 

838 

822 

........ 

....... 
877 

877 

----
838 

871 

I 

Observeu \ Declina· 
tleclina~ tion in Remarks. 

tion. 1900. 

---
0 I 0 I 

. ......... 0 00 Estimated. 

3 55 E. 0 05 w. Mean of 5 stations. 

3 34 E. 1 oow. Mean of 8 stations. 

115 w. 3 00 w. U. S. Lake Survey. 

2 45 W. 5 30 w. County surveyor. 

0 50 l<J. 125 w. U. S. Lake Survey. 

0 40 E. 0 50 w. C. &G. S. 
4 17 }]. 0 00 Mean of 8 stations. 

1 14 E. 0 10 w. County surveyor. 

2 30 E. 1 oow. Silliman's Journal. 

--------- 0 45 E. Estimated. 

4 50 E. 1 40 E. C. &G.S. 

2 15 w. 2 30W. County surveyor. 

.......... 0 00 Estimated. 

4 30 E. 0 45 E. Whittlesey. 

. ......... 1 00 E. Estimated. 

1 34 E. 1 20E. County surveyor. 

2 30W. 2 45 w. Do. 

1 30 E. 2 oow. Silliman's Journal. 

3 29 E. 1 oow. Mean of 11 stations. 

2 04 w. 2 55W. C. &G. S. 
1 50 E. 2 40W. Silliman's Journal. 

5 13 E. 0 35 E. I Mean of16 stations. 

2 09 E. 1 55 E. I County surveyor. 
4 50 E. 1 20 E. Sillip1an's Journal. 

4 30 E. 0 00 Mean of 9 stations. 

..... ...... 0 45W . Estimated. 

............ 0 34 w . Mean of 8 stations. 

0 37 E. 1 oow. U.S. Lake Survey. 

0 42 E .. 1 oow. Do. 

........... 115 W . Estimated. 

3 06 E. 0 25 w. Silliman's Journal. 

1 20 E. 0 40W. C.&G.S. 

82314 20 E. 0 00 I Mean of 13 stations. 
838 2 35 E. 0 55 W. Silliman's Journal. 

Fulton ........................... 1 

Gallia .......... Gallipolis ..... .. 

--
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Connty. Town, city, etc. 

Year 
ofob· 
serva­
tion. 

Observed 
declina· 

tion. 

Declina· 
tion in 

1900. 
Remarks. 

0 I 0 I 

Geauga ........ Chardon ........ 1838 0 15 E. 3 15 W. Silliman's Journal. 

Greene ......... ···--· ...... ·-···-----·· .... _____ 0 15 E. Estimat.ed. 

Guernsey_ .............. __ .... ___ . i ........ _ 2 00 W. Do. 

Hamilton .. __ .. Hamilton .. _. _.. 1895 0 44 E. 0 30 E. County surveyor. 

C.& G.S. Cincinnati .. ___ . 1888 1 58 E. 1 05 E. 

Hancock ...... . 

Hardin ....... . 

Harrison ..... _. 

Henry ........ . 

Highland ..... . 

Hocking ..... . 

---- .............. 1821 

Forest .. .. .. .. .. 187 4 

Kenton .. .. . .. . .. 1838 

1820 

1822 

4 30 E. 

2 18 E. 

5 17 E. 

5 03 E. 

4 17 E. 

0 00 

0 30 E. 

1 45 E. 

0 30 E. 

2 30W. 

Mean of 17 stations. 

C. &G.S. 

Silliman's Journal. 

Mean of 10 stations. 

Estimated. 

0 10 W. Mean of9 stations. 

0 00 Estimated. 

115 W. Do. 

Holmes ·... .. . .. ....... _ ... ___ .. 1807 2 52 E. 1 40 W. Mean of 3 stations. 

Huron ..................... ______ -----·--------- 1 30 W. Estimated. 
Jackson ........ Jackson _________ 1895 116W. 130\V. Meanofllresults. 

Jefferson---· ... Steubenville---· 1894 1 12 W. 1 30 W. County surveyor. 

Knox ... -- .. __ .. Mount Vernon .. _ 1896 0 15 W. 0 30 W. Do. 

Lake .. _________ Willoughby----- 1876 1 51 W. 3 40 W. U.S. Lake Survey. 

Fairport-------- 1876 2 OOW. 3 50W. Do. 

I 
Madison ---- ---· 1876 2 00 W. 

1 
3 50 W. Do. 

Lawrence .. ___ . South point. _____ 1864 1 53 E. I 0 25 W. C. & G. S. 

Ironton--------- 1896 0 40E. 0 25K County surveyor. 

Licking ........ --------------------------------· 115\V. Estimated. 

Logan' ......... ·-----------·----- 1832 3 50 E. 0 lOW. !station. 

Lorain ......... ------------------ 187610 36W. 2 20W. Do. 
Lucas ... _.. .. .. Toledo ____ . ____ . 1895 1 08 vV. 
Madison. __ ... __ .. __________ ---·-· .. ---- ____ . ___ _ 

1 25W., County surveyor. 

015 w. Estimated. 
Mahoning ..... _ ...... -----· ______ \ _____ J _______ _ 
Marion ......... -----------------· 1830\4 17E. 

Medina ........ -~~~~~~~ ~::::::::I ~~~~-~-~- ~~-~~-I . . I 
Meigs .... -----·------------------------ ____ . ___ . I . 
Mercer ......... ------------------~1810 15 32E. 

Miami ......... ·-·--· -----· ...... ,1799 \ 5 10 E. 
Monroe ........ ------ _____ ... __ .. ___ -·- ___ .. ---· 

.Montgomery ... ______ ------ ------11800 \ 5 10 E. 
Carrollton .. ____ 

1 

1845 1 4 45 E. 

Morgan .. -- ---- ------ --- ..... __ --1------ --- .. ---. 

2 30W. Do. 

0 05 E. Mean ofll stations. 

0 15W. Silliman's Journal. 

2 oow. Estimated. 

130W. Do. 

1 00 E. Mean of 4 stations. 

0 30 E. Mean of 5 stations. 

2 30 W. Estimated. 

0 30 E.

1 

Mean oflO stations. 

1 35 E. C. & G. S. 

1 45 ·w. Estimated.· 

1 10 W. Mean of 8 stations. 

~
;rr~w ........ ------ --_---- ------~1811 3 17 E. 
uskmgum .... Zanesville.------ 1838 2 30 E. 1 00 \V. SiUiman's Journal. 
________ I____ I 

17 GEOL, PT I--26 
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County. Town, city, etc. 
Year 
ofob­
serva· 
tion. 

Noble .......... Ridge ........... 1895 

Batesville . . . . . . . 1838 

Ottawa .......................... 1821 

Port Clinton . . . . 1877 

Catawba Island . 1877 

Locust Point .... 1877 

Paulding....... .. . ... . . . .. . . • . ... 1822 

Perry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 

Observed 
dcclina-

tion. 

0 ' 
115W. 

1 22 E. 

3 50 E. 

0 47 E. 

0 40 E. 

0 <tOE. 

1-~-~~-~~-
Pickaway ............................ . 

~ ---. -----
Pike ........... Waverly .....•.. 1895 

Portage ........ Streetsboro ...... 1821 

Preble ........................... 1801 

Putnam .......................... 1825 

Ottawa ......... 1895 

Kalida .......... 1838 

Richland....... Mansfield . . . . . . . 1894 

Ross . . . . . . . . . . . Chillicothe . . . . . . 1895 

Sandusky ........................ 1821 

Scioto. . . . . . . . . . Lyra . . . . . . . . . . . . 1895 

Portsmouth ..... 1874 

Seneca..... . . . . Tiffin. . . . . . . . . . . 1895 

Flatrock . . . . . . . . 1838 

Shelby.... . . . . . . . . . . . . . . . . . . . . . . . 1807 

Stark ................................. . 

Summit ........ Hudson ..... ----11840 

Akron .......... 1896 

Trumbull . . . . . . Brookfield ...... 
1 

1837 

Braceville....... 1838 

Tuscarawas . . . . Tu8carawas . . . . . 1874 

Union...... . . . . Marysville . . . . . . 1895 

Van ·wert .... . 1820 

Vinton ........ . 

\Varr·en . . . . . . . . Springboro...... 1838 

Lebanon . . . . . . . . 1891 

Washington . . . . Marietta . . . . . . . . 1895 

Wayne. . . . . . . . . ·wooster . . . . . . . . 1840 

Williams ......................... 1822 

j ~ ood ~. . . . . . . . . Portage ........ . Lot ............. ~----- ........ . 
1895 

1838 

1824 

0 00 

2 05 E. 

5 04E. 

4 20 E. 

0 00 

3 00 E. 

1 27W. 

0 20W. 

3 OOE. 

0 44W. 

0 20E. 

0 05 E. 

3 15 E. 

4 57 E. 

---------
0 52 E. 

141 w. 
0 40 E. 

0 50 E. 

0 20W. 

1 00 E. 

4 55 E. 

- ........... 
4 04 E. 

1 37 E. 

2 30W. 

1 47 E. 

•1 36 E. 

0 32 E. 

1 15 E. 

4 21 E. 

Declina-
tion in Remarks. 

1900. 

-·---- ---
0 I 

1 35 W. County surveyor. 

2 lOW. Silliman's Journal. 

0 45W. Mean of 19 stations. 

0 55 W. U. S. Lake Survey. 

1 oow. Do. 

1 oow. Do. 

0 20 E. Moan of 10 stations. 

1 30W. Estimated. 

0 30W. Do. 

0 20W. County surveyor. 

2 30W. Whittlesey. 

0 25 E. Mean of 8 stations. 

0 00 Mean of 7 stations. 

0 20 w. County surveyor. 

0 30W. Silliman's Journal. 

1 45 w. County surveyor. 

0 40 W. Do. 

135 w. Mean of 19 stations. 

1 oow. County surveyor. 

1 30W. Do. 

0 15W. Do. 

0 15W. Silliman's Journal. 

0 25 E. Mean of 7 stations. 

215 w. Estimated. 

2 30W. C. &G. S. 

2 oow. County surveyor. 

2 50W. Silliman's J ourual. 

2 40W. Do. 

2IOW. N.A.S. 

040E. County surveyor. 

0 20 E. Mean of 5 stations. 

115 w. Estimated. 

0 35 E. Silliman's J oumal. 

1 00 E. Mean of 9 results, 

2 50W. County surveyor. 

1 30W. Silliman's Journal. 

0 05 E. Mean of llstations. 

0'15 E. County surveyor. 

215 W. SilHm•n'o Jm•mal.l 
0 00 Mean of 6 stations. 
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OKLAHOMA. 

The observations in Oklahoma are derived almost entirely from the 
subdivisional surveys of the General Land Office. These have been 
made in recent years, ranging from 1872 to 1891, and are apparently of 
excellent quality. Data for the correction for secular variation are very 
scanty, and the following corrections have been assumed on the basis 
of the corrections in adjacent States: 

Year. Reduction. Year. Reduction. 

0 I 0 I 

1890. - - - -- -- - - -- -- - -

1880------ ---- ------I 
0 30 

1 00 

I 1870 .. ____________ __ 1 30 

The declination is east, and these reductions are to be subtracted. 

I Year Observed I Declina~ 
County. Town, city, etc. ofob- declina- tion in Remarks. serva- tion. 1900. I tion. 

----

0 I 0 I 

Beaver __ .. ___ .. Western -------- 1891 11 52 11 25 Mean of 12 stations. 
Middle __ ., __ .. __ 1891 11 50 11 20 Mean of 54 stations. 

Eastern __ ....... 18(!0 11 20 10 50 Mean of 60 stations. 
Blaine .. _______ . ----- ------ -----. 1874 10 50 9 35 1\fean of 9 stations. 

Canadian -----.I .. ---------.------ 1872 10 45 9 20 Mean of10 stations. 

Cleveland ...... I ------------------ 1872 11 10 9 45 Mean of 9 stations. 

''D''------····- ------------------ 1874 11 16 10 00 Mean of 10 stations. 

Day---- __ .. ---. ------------------ 1874 11 27 10 10 
I 

Mean of13 stations. 

''G"---·------- ------ ·----------- 1874 10 52 9 35 Mean of 7 stations. 

Garfield .... __ .. ··---- ------------ 1872 10 56 9 30 Mean of12stations. 
Grant .... ______ ------------ ·----- 1872 11 23 10 00 Mean of13 st.ations. 
Greer .. ________ ------------------ ~874 1118 10 00 Mean of33 stations. 

''I"-----------· ------------------ 1873 10 32 9 10 Mean of 13 stations. 

,, J(" ------- ---. . ----- ----- ------ 1872 10 49 9 25 Mean of 9 stations. 

J<ingfisher ..... •••••• ••••v• •••••• 1872 10 47 9 25 Mean of 10 stations. 

Kiowa, Co- Northeastern---- 1874 10 45 9 25 Do. 
manche, and 
Apache Res-
ervation. 

Southeastern .... 1874 11 00 9 45 Mean of24 stations. 

Northwestern. __ 1874 10 58 9 40 Mean of12 stations. 

Southwestern. __ 1875 1114 10 00 Mean of 23 stations. 

Lincoln __ .... __ ------------------ 1877 11 06 10 00 Mcauof12 stations. 

Logan .......... . ----- ------ ------ 1871 10 38 9 10 Mean of 8 stations. 

Noble ...... ___ l _____ ...... ------ 1872 

I 
11 10 9 45 I Mean of 9 stations. 

Oklahoma .... __ .... __ .. __ .... _ ... 1872 10 35 9 10 MeiJ.n of 14 stations. 

I 

I 
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~- ]e';; I tH>Rerved I 
County. :rown, city, etc. ~er~;. de?lina- 1 

------1------- tion.l twn .. 

0 I 

Oklahoma ...... Oklahoma ....•. 1895 9 25 

Osage Nation ... ·-·-·············· 1872 10 20 

Pawnee ........ ! .................. 1872 1010 

Payne .......... I ...... _. . . . . . . . • . 1872 10 30 

Stillwater....... 1896 9 45 

Pottawatomie .................... 1873110 00 
RogerMills ..................... ! 1874 1140 

W b
. I I 

as Ita .....•.. i··················! 1874 1106 

w oous - - - - - - - - . ! . - . - .. - - - - - . - - - - -. ! 18731 11 20 

Woouward .... -J---··· ·-----------/1873' 1140 

OREGON. 

' 
Dtcli!la-1 
twn In 

1900. i 

0 I I 

Remarks-. --l 
9 10 I County surveyor. 

8 55 
1 

Mean of23 stations. 

8 45 I Mean of 6 stations. 

9 05 ' Mean of 7 stations. 

9 30 County surveyor. 

8 35 Mean of 9 stations. 

10 20 Mean of 11 stations. 

9 45 Mean of 8 stations. 

10 00 Mean of25 stations. 

10 20 Mean of30 stations. 

Observations in Oregon are mainly from the General Land Office, 
with a few from county surveyors and from the U uited States Uoast and 
Geodetic Survey. The observations of the General Land Office are of 
recent date, ranging from 1865 down to the present time. 

While data for the determination of secular change are not abun­
dant, there appears to be but little question that the line of no secular 
variation crossed the State between the years 1885 and 1900, and the 
data have been reduced in accordance with that hypoth~sis .by means 
of the figures given in the following table. The last column was 
derived fl'Om series in this State and Washington, with the interpola­
tion of certain figures. The column applying to the eastern portion of 
the State was derived from the other column, on the assumption that 
the zero of secuiar variation passed this part of the State about 1890: 

Year. 
I---R_e_d--u.,-otio~ 

EaRtern ;:::-!. 
1890 ..... ---------- ...... ------ ...... --·· 

1880. ------ ---- ---- -----. --. -.- .. - . ------

1870-- - . -- -- -- . -- -- . -- -- -- -- . -- -- -- ' ' . ---

·1860- -- -- -- -- -- -- -- -- . -- - -- -- . -- -- . · .. -- --

~··················· • • •••• 1 

part. part. I 
Q I Q I 

0 00 

0 05 

0 20 

0 45 

1 05 

1 45 

0 05 

0 20 

0 45 

1 05 

1 45 

2 30 

The declination is east, and the above corrections are to be added. 
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County. Town, city, etc. 
Declina­
tion in 
1900. 

Remarks. 

0 I 0 I 

Baker .. , ....................... . 

Benton..... .. .. .. .. . .. .. .. . .. .. . 1891 

Corvallis........ 1895 

Clackamas . . .. . . .. .. . .. .. .. .. .. .. 1892 

Clatsop .. .. .. .. Astoria .. .. . .. .. 1881 

Columbia ..... . 1893 

Rainier .. .. . .. .. 1895 

St. Helen........ 1881 

Clatskanie . . . . . . 1895 

Vernonia ........ 1895 

Coos.......... .. ............... 1884 

Coos Bay.... .. .. 1863 

Crook.. . . . . . . . Northeastern . . . . 1859 

Southeastern.... 1859 

Northwestern . .. 1859 

20 23 

20 00 

21 17 

22 26 

21 20 

21 40 

19 08 

21 45 

22 30 

19 40 

18 37 

18 55 

18 40 

19 15 

Southwestern .......... , ..... .. 

Curry ........ .. 

Douglas ...... .. 

Prineville .. .. .. . 1895 

Ewing Harbor... 1859 

.................. 1890 

Canyonville..... 1881 

Oakland • • .. .. .. 1888 

~oseburg . .. .. .. 1896 

Gilliam .. .. .. . .. .. .. .. .. .. .. .. .. 1888 

Blalock ......... 1 1881 

Grant • .. . . .. .. . .. .. .. .. . .. . . .. . .. 1895 

Harney . . . . . . . . Northeastern . . . . 1863 

20 00 

18 30 

19 17 

17 50 

19 25 

20 07 

21 07 

20 21 

20 00 

18 17 

Southeastern .................. . 

Northwestern ................. . 

Harney . .. .. .. .. 1876 18 23 

Jackson ........ 1893 

Jacksonville .... 1881 

Josephine ........................ 1893 

Klamath ....... Northern ........ 1892 

Southern . . . . . . . . 1893 

Lake .......... . 

Lane ......... .. 

Lincoln ........ 

1891 

1881 

1893 

Yaquina ......... 1888 
I 

19 20 

17 25 

19 30 

19 18 

19 15 

20 02 

20 48 

19 53 

20 18 

19 30 

20 30 

20 00 

21 20 

23 00 

21 30 

21 50 

19 30 

Estimated. 

Mean of 9 stations. 

County surveyor. 

Mean of 4 stations. 

C. &G. S. 

Mean of 3 stations. 

County surveyor. 

C. &G.S. 

21 55 County surveyor. 

22 40 Do. 

20 00 Mean of 4 stations. 

19 30 C. & G. S. 

19 45 Dixon, 1 station. 

19 30 Do. 

· 20 05 Do. 

19 50 

20 00 

19 35 

19 20 

Estimated. 

County surveyor. 

Dixon, 1 station. 

Mean of 6 stations. 

18 10 C. & G. S. 

19 30 Do. 

20 10 County surveyor. 

21 10 Mean of 3 stations. 

20 25 C. &G. S. 

20 00 Average of county, 
by county sur­
veyor. 

18 50 Mean of 4 stations. 

18 40 Estimated. 

19 10 Do. 

18 30 C. & G. S. 

19 25 Mean of 6 stations. 

17 30 C. & G. S. 

19 30 Mean of 2 stations. 

19 20 Mean of 7 stations. 

19 20 Mean of 10 stations. 

19 00 Estimated. 

20 00 

21 05 

20 00 

20 25 

Mean of 8 stations. 

C. &G. S. 

Mean of 6 stationsj. 
C. &G. S. 
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County. Town, eity, etc. 

Lincoln ........ Waldport ...... . 

Linn ........... ··--··------·-·---

Albany------·--· 
Malheur ··----- Northern ....... . 

Middle .. __ . ____ _ 

Southern ....... . 

Marion.·------- _ .... ____ -- ... ___ _ 
Salem . ___ . ____ . 

Year 
ofob­
serva­
tion. 

1893 
1891 
1895 
185!) 

1890 
1881 

Morrow---··---·---····---------· ----· 

Observed 
declina­

tion. 

0 , 
21 00 
20 30 
20 42 
18 15 

20 22 
20 00 

________ / 

Multnomah -·-· ·---·· ··---- ·-·--- 1887 22 22 

Polk_. _____ ·---' -~-o_r_t_l~t~-~::: ~:: :: ~~~~ ~~ :~ 
Sherman ______ . _____ .. _____ . ___ .. i. _______ ... _ ... I 
Tillamook. _____ -----·-----· ····-·11802 20 20 

Tillamook_ .. _. _ _ 1895 21 54 

Umatilla_·----- ________ ----·---·· 1866 

L"matilla ---- ·-·- 1881 
Union ....... --··--- ________ ...... 1859 

Gr::tml Ronde ____ 1859 

20 20 
21 32 
18 40 
18 20 

Declina­
tion in 

1900. 

0 , 

21 10 
20 35 
20 40 
19 00 
18 30 
18 00 
20 25 
20 20 
20 30 
22 30 
22 10 
20 35 
21 00 
20 25 
21 55 
20 55 

Remarks. 

County surveyor. 

Mean of 5 stations. 

County surveyor. 

Mean of 4 stations. 

Estimated. 

Do 
Mean of 3 stations. 

C.&. G. S. 

Estimated. 

Mean of 2 stations. 

C. &.G. S. 

1 station. 

Estimated. 

Mean of 5 stations. 

Count,\' surveyor. 

Mean of 3 stations. 

21 35 C. &. G. S. 

19 25 Mean of 2 stations 

19 05 Dixon. 

I 
20 00 20 00 1 sta.tion. 

·wasco·-------· ..... _____________ 1895 20 00 20 00 Said to be average 
by county sur-

Wallowa ....... ____ .............. 1893 

1 veyor. 
Dalles __________ . 18811 20 03 20 20, C.&. G. S. 

~:~~~g-~~~~:::: :~~~o:~i;l~-::: ~ ~:~~-~-~~--~-~-'1 .. __ :_~--~-3~---'-~-C--(-JU_;_t0_~_s_u_r_v--e-yo_r_.J 
PENNSYLVANIA. 

In this State the subject of maguetic variation has received much 
attention. In many of tlle counties meridian lines have been estab­
lished, upon which the compttsses in use are annually tested. The 
results of such comparisons, with much other data, have been collected 
by the Secretary of Internal Affairs of the Commonwealth and pub­
lished from time to time in the records of that departmeut. The latest 
of these reports, which includes ·au the data collected up to that date, 
is that of the year 1887. To that report I am indebted for most of the 
information regarding mag11etic declination in the State. In addition 
to this, I have received data of more recent date from several county 
surveyors, besides a few from the United States Coast. and Geodetic 
Survey, National Academy of Sciences, and United States Lake Survey. 

Most of these observations are of quite recent date, there beingbut 
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few in the first half of the century, and but one as far back as 1840. 
Nearly all of them, indeed, are later than 1870. 

The reductions on account of secular variati'Al to the epoch 1900 are 
as follows, having been derived from series obstorved in New York, New 
Jersey, and Pennsylvania: 

Year. Re<luction. 

--------------- ---- ~ 
0 I 

______ Y_e_ar_._____ _ Reduction~~ 
0 I 

1890- - - - - - .. - - - .. - - - 0 25 1840 .. ____ ---------- 3 20 

1880- - - - .... - - - - --- - 0 55 1830 . - - - -- . - - - - - - - - - 4 15 

4 50 

5 05 

1870 .. - - .... - -- -- - -
1 ~~60 ______ .. _______ _ 

1 45 

2 20 

2 55 

1820- - .. -- . - - - - . - - . -

1810- - - - .. - - - - - - - -- -
L50 ____________ .... 

The declination is west, and the reductions for secular variation are 
to be added. 

r---- ----~--------------~ 

County. Town, city1 etc. 
Yea.r 
of ob­
~erva­

tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 
Remarks. 

---------------------------·-----------1 
0 I 0 I 

Adams ...... - .. _ ........ -.- ..... - 1877 3 45 
Allegheny .................... - . .. _. __ • _ .. __ .... . 

Allegheny ....... 1885 2 56 

Armstrong ..... Freeport ........ 1887 3 30 
Leechburg ... _ .. 1896 3 15 

Beaver ......... ........ ______ .. _____ ---------
Beaver .......... 1874 1 08 

Bedford ........ Bedford ......... 1883 3 34 
Berks ...... Hamburg ------- 188,1 5 17 
Blair ...... _ .... ------------------ ·-----·--

Altoona ......... 1895 5 15 

Hollidaysburg ... 1877 4 00 
'l'yroue ... _ ...... 1878 3 4-3 

Bradford . . . . . .. .. .. .. .. . . .. .. . .. . .. . .. . .. ....... 

Bucks ...... __ .. ~:;r:::~a~~: :::: -~~~~-~----~ -~~-
Butler .. .. .. . .. Butler ........ _. 1 

Cambria ...... . 

J'olmstown .. .. • . 1875 2 20 

Cresson . .. .. .. .. 1895 3 08 

Cameron . . . . . .. -- ..... - --- - - -- - -- . - - -- -I- .. ----.. 
Carbon ..................... ·- --- .

1 

.. -- .. \ .... - .. .. 

4 55 1 station. 

3 35 Mean of 4 stations. 

3 35 C. & G. S. 
4 05 Sec. Int. Affairs. 

3 30 County surveyor. 

2 45 Mean of 5 stations . 

2 35 C. & G. S. 

4 20 Sec. Int. Affairs; 

6 00 Do. 

5 00 Mean of 9 stations. 

5 30 County surveyor. 

5 10 Sec. Int. Affairs. 

4 50 Do. 

7 40 

7 45 

7 00 

4 25 

3 30 

3 40 

3 20 

5 20 

7 15 

Mean of 3 stations. 

County surveyor. 

Mean of 13 o bserva-
tions. Sec. Int. 
Affairs. 

Mean of 4 observa-
tions. 

Mean of 2 stations. 

Sec. Int. Affairs. 

County surveyor. 

1 station. 

Estimated. 
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County. 0~ e~b I Obse~ved 'Town, cit.y, etc. serva- de?lma-

-------- "~:_1 ":" ' . 
Center ......... Millheim .. __ .... 1893 I 5 40 

Chester . . . . . . . . West Chester .....•.•.. 1 ••••••••• 

I 
Clarion -------- Clarion --------- 1877 2 20 

Clearfield ------ ------ ·----------- ---------
Curwensville .... 1841 1 45 
Clearfield _ .. _. _. 1896 I 4 52 

Clinton -------- Beech Creek ..... 1878 3 02 

Columbia ------ ------ ·----- ·----- ---------
Crawford ------ -----------------· 
Cumberland._ .. Carlisle ..•.. ____ .. -.. -... - ---------
Dauphin .. _. ___ Harrisburg._ ..•. -----· ............... 

Delaware ------ Chester .•••..... 1887 I 6 55 

Elk------------ .... ---- --- ....... -- .. --- --------· 
Wilcox ...••. ___ . 1887 4 20 
Benezetta .... _ . _ 1887 4 30 

Erie ----- ...... -- .. -----· ------------ --------· 
North Springfield 1875 3 00 

Northeast.------ 1875 2 54 
Erie ---------··- 1883 3 15 

Greenfield ....••. 1874 2 00 

Avonia ..•... ---- 1875 2 00 
Fayette .. _ .... _ Uniontown~ __ ••. 

1 

..... . 

Forest. ___ . ____ Tionesta---- ____ 1895 3 45 

Franklin .. _.... Chambersburg .. 

Sylvan .......... 1888 4 00 

Mercersburg .. . . 1840 0 55 

Fulton ......... McConnelsburg •. 

Greene ....... . 

Waynesburg---- 1876 2 03 
Huntingdon ... _ Huntingdon. ___ _ 

Indiana .... _.. . Indiana . . . . . . . . . 1887 3 45 
Jefferson .. _·_ .. 

.Juniata .... --­

Lackawanna .. 

Lancaster ..... . 

Brookville .. _ ... _. __ . 

Lawrence ...... --··------·-----·----·--- ........ . 

Declina­
tion in 
1900. '"m"<~l 
~ ;,j ~-County surveyor. 

7 451 Mean of 5 observa-
tions. Sec. Int. 

1 Ali'airs. 
I 

3 30 I Sec. Int. Affairs. 
5 05 Mean of 2 stations. 

5 051 C. & G. S. 
5 05 County surveyor. 

4 Oii I Sec. Int. Affairs. 

7 00 Estimated. 

3 30 Mean of 5 stations. 

5 00 Mean of 4 o bserva-
tions. 

6 00 Mean of 13 o bserva-
tions. 

7 30 Sec. Int. Affairs. 

5 00 Mean of 2 stations. 

4 55 Sec. Jut. Affairs. 

5 05 Do. 

4 10 Mean of 13 stations. 

4 20 U.S. Lake Survey. 

4 15 Do. 

'1 00 Sec. Int. Affairs. 

3 25 N.A.S. 

3 20 U.S. Lake Survey. 

4 00 Mean of 16 o bserva-
tions. 

4 00 County surveyor. 

'1 35 Mean of 28 o bserva-
tiona. 

4 30 C.&G.S. 

4 15 Do. 

4 50 Mean of 5 observa-
tions. 

3 20 Mean of 8 stations. 

3 20 Sec. Int. Affairs. 

5 10 Mean of 8 observa-
tions. 

4 20 Sec. Int. Affairs.· 

4 00 Mean of 42 obser-
vations. 

5 30 Estimated. 

7 30 I station. 

6 30 
E•tirn•ted. '::~J 

3 15 . Mean of 6 stations. 
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County. Town, city, etc. 
Year 
ofob· 
serva­
tion. 

Observed 
declina. 

tion. 

0 I 

Lawrence ... --. Newcastle .. ____ . 
Lebanon _______ [ ______ .. ___ .. ____ _ 

1853 0 27 

I 
Lehigh .... ----.! .. ----·----·------
Luzerne ..... - .. 

1 
Wilkes barre .•... 1881 6 30 

Lycoming .. __ .. 'Villiamsport .. __ 

::;~:;~ ~ ~~:~:::I:~:~:::::_::::::::: I:::::: 
Sharpsville .. ___ . 187 4 

Mercer ....... -.. 1853 
Mifflin ________ . Lewistown ..... . 

:Monroe __ .. _ . _ .I ... ___ ..... _ .... __ 
Montgomery . . . Hatboro ....... . 

1 00 

0 55 

I 

Montour .•••... 

Northampton ... 

Norristown ... ___ 1892 6 421 

Portland __ .. _ .. _ 1887 

Bethlehem . _ .. _ _ 1874 

Easton._ .. _ .. _.. 1841 

Northumberland Sunbury ........ 1884 
Perry ... ______ ... _______________ . 

Philadelphia __ . Philadelphia . _ _ _ 1895 

Pike .... _ _ _ _ _ _ _ Milford .. _ .. ·. . . . 1896 
Potter ________ _ 

7 05 

5 20 

3 33 

5 10 

6 44 

7 55 

Coudersport .. ___ 1887 4 46 

Schuylkill . __ . . Pottsville .... ___ ' 1867 4 40 

Snyder ..... ·---
Somerset .. __ . . . Somerset ______ .. 

Milford --- _ .. ___ 1895 4 05 

Sullivan------· 
Susquehanna ... Montrose .•.. ---- 1895 7 58 
Tioga ____ ... _ _ _ . ____ . __ . __ .. _ . __ . 

Niles Valley .. ___ 1893 6 05 
Union __________ Lewisburg-----· 

BucknellUniv ... 1895 5 36 

Venango_-----·,------·-----------
'Varren ________ I ______ ·----------· 

. . I Warren--------· I w .. lnngton.u 

1 

;v:.:.~~~~;;~ : 
1896 4 57 

1886 2 30 

Declina· 
tion in 

1000. 

0 I 

3 10 

6 00 

7-00 

7 20 

6 20 

5 00 

2 55 

2 25 

3 40 

4 40 

8 00 

7 20 

7 00 

6 30 

7 40 

6 45 

6 50 

5 55 

5 45 

ij 55 

8 10 

5 20 

5 20 

6 35 

6 00 

4 20 

4 20 

7 15 

8 10 

6 45 

6 25 

6 00 

5 50 

3 30 

4 30 

5 10 

3 10 

3 05 
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Remarks. 

Sec. Int. Affairs. 

1 station. 

Do. 

Sec. Int. Aifairs. 

Mean of 3 observa-
tions. 

Mean of 2 stations. 

Mean of 6 stations. 

N.A.S. 

Sec. Int. Affairs. 

Mean of 10 obser-
vat ions. 

1 station. 

Mean of 22 obser-
vations. 

County surveyor. 

Estimated. 

GeoL Survey, N.J. 

C.&G.S. 

Do. 

Sec. Int. Affairs. 

Estimated. 

City engineer. 
Mean of 5 sta-
tions. 

County surveyor. 

Mean of 3 stations. 

SM. Tnt. Affairs. 

Do. 

Estimated. 

Mean of 4 observa-
tions. 

County surveyor. 

Estimated. 

County surveyor. 

Mean of 2 stations. 

County surveyor. 

Mean of 5 stations. 

County surveyor. 

Estimated. 

Mean of 5 stations. 

County surveyor. 

Mean of 26 stations. 

Sec. Int. Affairs. 
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Town, city, etc. 

Year 
ofob­
serva­
tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 

0 I 0 I 

Wayne .... _____ ------------------------ ____ . ___ _ 

Honesdale ... __ .. : 1895 8 03 

vVestmoreland .. Greensburg ---- ------ ----.----

Wyoming .............. _ ............ _ .......... . 

York ..... -----1 York ____________ 1895 6 08 

RHODE ISLAND. 

8 15 

8 15 

3 50 

7 45 

6 20 

Mean of 5 stations. 

County surveyor. 

Mean of 3 observa-
tions. 

Estimated. I 
Conntys=~ 

The fbllowing observations are derived from the compilation of the 
Coast and Geodetic Survey, the mean of the county always ineluding 
the stations which are given severally under the county. 

The line of no secular variation crossed Rhode Island prior to the 
beginning of the present century; consequently none of these observa­
tions are eomplicated with the change in secular variation. They have 
been redueed to the epoch 1900 by the application of corrections 
deduced from the series observed in western New England, in accord­
ance with the following table: 

r==·;:r. -----Reduction. 
0 I 

-------Y--ea_r_. ______ Reduction.~ 

~ lo I 0 20 1840 ...... ----------

:

1 

1890 ...... ----------

1880.---------------

1870.--------- -----

o 45 1830 ________________ I 4 40 
125 1820 ________________ 520 

1860.--------------- 2 05 1810 ...... ---- ------[ 5 50 

'--1-s_r;_o _____ -_-_-_-_--_-_-_--_-_-_-_,.,-----2-55_J_1800 .... ~_:__-_-~~~_:_:j~_:_:_:__-_·~~ 

The declination is west, and the above reductions for secular varia­
tion are to be added. 

County. Town, cUy, etc. 
Year Observed 
of ob- declina-
8~[0:~- tion. 

-------~-·~ 
Declina-
tion in Remarks. 

1900. 

------------ ----1------- --- ----

0 I 

Bristol __ ....... _ ................ ---- ..... - - ----
Kent ...... _____ ! ________________________ I _______ _ 

Newport ...... _I . . . . . . . . . . . . . . . . . . . ..... [ ........ . 

_ . ) Newport---- ____ 1832 8 12 

Providence ...................................... . 

I w ••• ,ng~., .... p,·~'d•ne·::: : 18~ ... 11.10 

0 

12 45 Estimated. 

13 00 Mean of 2 stations. 

12 25 Meau of 4 stations. 

12 40 C. & G. S. 

12 45 
11 <15 

12 15 

Mean of 3 stations. 

c. &G .. S. .. I 
Meanof4st~ 
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SOUTH CAROLINA. 

Declination data in South Carolina are very scanty, onlyll counties 
out of 35 being represented. These observations are derived mainly 
from county surveyors and the United States Coast and Geouetic Sur­
vey, with one or two other scattering ones. They bear date from 1843 
to 1895, most of them having l>een taken in recent years. 

They have been reduced to 1900 by applying corrections derived from 
eeries taken in North and South Carolina and Georgia, which are set 
forth in the followi11g table: 

-~Y~e~a~r.~---------~:,.,;,J ___ y:~r.---·. ~~~~ I 
1890. - - - - . -- - -- - -- --

1880 -- -- -- -- - . -- -- --

1870-- ---- : --- ------

1

1860-- " -- ---- ------

1850--~-- -- - -- -- --I 

0 35 

1 05 

1 50 

2 20 

1840-- ---- ---- ------

1830-- -- -- -- - -- - -- --

1820 -- -- -- -- -- -- -- --

1810-- -- -- -- - -- - -- --

3 15 

3 30 

3 45 

4 05 J 
2 45 

--'----

The line of zero declination crosses the southwestern part of the 
State. East of it the declination is west and is distinguished by the 
letter W. West of it the declination is east and is distinguished by 
the letter E. The above corrections are to be added to west declina­
tions and subtracted from east declinations. 

,--------------c-~--- ~------,·-·-- -~-----'-----c--·-- ----, 

County. Town, city, etc. 

0 I 

Abbeville ...... __ . _______ •. ___________________ __ 

Aiken____ __ __ __ Aiken __ ... ____ .. 1854 3 02 E. 
Anderson . .. . . . __ .... ________ .. __ __ . __ . _______ .. 

Barnwell. . __ ... __ .... __ .. __ ... __ . __ .... ____ . __ .. 

Beaufort . ---- .. Beaufort __ .. __ .. 1895 1 00 E. 

Grahamville. ---- 1870 1 55 E. 
Port Royal ______ 1859 3 04 E. 

Berkeley . __ .... Edisto Island .... 1850 2 53 E. 
Charleston. ____ Charleston ...... 1847 2 15 E. 
Chester ___ . __ __ Chester . ___ . __ __ 1894 0 30 W. 
Chesterfield ______ .... __ . ___________ . __ .. __ . ___ .. 

Clarendon ____ .... _ . _ . __ .... ______ . ____ . ________ . 

Colle ton . . . . . . . Sullivan Island.. 1885 0 15 E. 

Darlington ........... ------------ ------ _______ __ 
Edgefield __ . __ . ______ ... _ .. ______________ .. _ .. __ 

Fairfield ___ .. __ : ___ ... __ ............... ·I· .... _ .. . 

Declina­
tion in 

1900. 

0 I 

0 15 E. 

0 25 E. 

0 00 

0 00 

0 45 E. 

0 05 E. 

0 45 E. 

0 10 E. 

0 45W. 

0 50W. 

1 oow. 
0 30W. 

0 35W. 

0 45 w. 
0 30 E. 

0 20W. 

Remarks. 

--~~------

Estimated. 

C.&G.S. 

Estimated. 

Do. 

County surveyor. 

C.& G.S. 

Do. 

Do. 

C. Parker. 

County surveyor. 

Estimated. 

Do. 

C.&G.S. 

Estimated. 

Do. 

Do. 
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County. Town, city,.etc. 

I ~ear I Observed 
of ob- I declina-
fl.~rva·) t"on 
tlOn. 

1 

1 · 

0 I 

Florence ....... Florence ........ 1875 112E. 

Georgetown.... Alston . . • . . . . . . . 1854 2 07 E. 

Greenville ....................................... . 

~::~~~~::: ~ ~~: . ~~~~~~~~i-1~~: ~ ~~~ . ~~~-'- ~- ~~ -~~. 
Kershaw ...............•••..•.•.. ······!···· ..... 
Lancaster .....................•................. 

Laurens .....................•.•.....•. ·I· ....... . 
Lexington ...•.. 

1 
....••••......•••.•..•••...••••.. 

Marion ..... · .................•••................. 

Marlboro ....................•••. 1895 2 30W. 

NcwbP.rry ...................................... . 

Oconee ........................................ .. 

Orangeburg .................................... . 

Pickens ....................................... .. 

Richland....... Columbia .. . . . .. 1875 1 50 E. 
Spartanburg .................................. .. 

I 
Sumter ............... ---- ........ 1 .............. . 

Union. . . . . . . . . . . ................. 1 
• • • • .. • ••••••.• 

Williamsburg .................................. . 
York ........................................... . 

SOUTH DAKOTA. 

Declina­
tion in 

1900. 

0 I 

015 w. 
o·sow. 
0 15 w. 
0 20E. 

115 w. 
0 30W. 
0 30 w. 
0 00 
0 00 

1 15 w. 
2 45W. 

0 00 

0 00 
0 00 

0 lOW. 
0 25 }~. 

0 20W. 
0 30W. 

0 20W. 

0 40W.\ 
0 30W. 

Remarks. 

N.A.S. 
C.&G.S. 

Estimated. 

Agricul. register. 

Estimated. 
Do. 

Do. 

Do. 

Do. 
Do. 

County surveyor. 

Estimated. 
Do. 

Do. 
Do. 

N.A. S. 

Estimated. 
Do. 

Do. 

Do. 

Do. 

1 

Observations in South Dakota consist almost exclusively of data 
obtained from the General Land Office, with a few returns from county 
surveyors, The Land Office work is of recent date, running from about 
1870 down to the present time, and is of excellent quality. The line of 
no secular variation crossed South Dakota between the years 1855 and 
1865, and consequently none of these observations are complicated with 
the change in the secular variation. They have been reduced by the 
application of corrections from the following table, derived from obser­
vations in Nebraska and Minnesota, no series of observations being 
obtainable in this State: 

Year. Reduction. Year. I Rcducti:l 

1------------ ----------- ·----

1890 ............... . 

L880 ............... . 

0 I 

0 40 
1 20 

0 I 

1870 ......... : ..... . 1 :;o 

1860 .... ······ ·---··1 2 05 

The declination is east, and the above corrections are to be subtracted. 
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County. Town, city, etc. 
Year Obaervc<l 
of ob# declina~ 
s:i~~- tion. 

Declina­
tion in 
1900. 

Remarks. l 
1-~----1-------------~----!-------1 

Aurora ____ .... . 

Beadle _. _ ..... . 

Bonhomme ....• 

Boreman ...... . 

1873 

1877 

1868 

Brookings. . . . . . . . . . . . . . . . . . . . . . . . 1871 

Brown _. _ .. _. . . . . . . . . . . . . . . . . . . . . 1881 

Brule . __ . _ .. _ ........ _ ....... _... 18~1 

Chamberlain . . . . 1896 

Buffalo ........ . 

Butte . _ ....... . 

Campbell ..... . 

Charles Mix .. · .. 

Choteau ....... . 

Clark-··· ...... 1 ••••••••••••••••• 

I -
.Clay ........... _ ...... ______ ------

Corlington ..... 1 
•••••••••••••••••• 

Custer ....... . 

1872 

18!!1 

188·1 

1872 

1892 

1876 

1862 

1874 

1883 

Custer . . . . . . . . . . 1896 

Davison ....... . 

Day ........... . 

1872 

.1879 

Delano . . . . . . . . . . . . . . . . . . . . . . . . . 1891 

Deuel . . . . . . . . . . . . . . . . . . . . . . . . . . . 1877 

Dewey ......... i .........•..... _ .....•.. 

Douglas ........ ! . . . . . . . . . . . . . . . . . . 1869 

~~~~;d~- ~:~~::I:::~:: :::::: :::::: ~!~! 
Fall River ........ _ ......... ____ .. 1887 

Faulk ............... _ . . . . . . . . . . . . 1883 
Grant __ ..... _ . _ 

Gregory ...... . 

Hamlin ...... . 

Hand ........ . 

1875 

1892 

1874 

1882 

Hansou ------ .. -------···-------- 1870 

Harding_------
Hughes .... _ .. . 

Hutchinson _ .. . 

1891 

1882 

1866 

Hyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1881 

Jackson ........ ------------······ 1890 
Jerauld .......................... 1875 

Wessington . . . . . 1895 

.Kingsbury--------·-- ----··-···· 1874 
Lake ....... _ ....... -_ .... _ ... _... 1872 

I 

0 I 0 

14 14 

13 14 

13 23 

12 34 

14 08 
14 05 

12 43 

13 41 

15 <14 

14 35 

13 47 

15 24 

13 26 

12 44 

13 10 

15 21 

15 30 

13 31 

13 :!9 

15 08 

12 34 

14 33 

13 56 

15 47 

15 19 

13 45 

12 25 

12 55 

12 31 

13 28 

12 56 

15 54 

14 44 

12 30 

13 28 

14 00 

13 24 

12 45 

12 44 

12 18 

12 35 

11 45 

.11 30 

13 45 

10 45 

12 50 

12 50 

12 30 

12 00 

15 20 

13 35 

12 00 

14 55 

11 50 

10 4-5 

11 BO 

14 15 

15 15 

11 50 

12 10 

Mean of 5 stations. 

Mean of l!J stations. 

Mean of 3 sta-tions. 

Estimated. 

Mean of 20 stations. 

:Mean of 35 stations. 

Ml'an of 12 stations. 

County surveyor. 

Mean of 10 stations. 

Mean of 73 stations. 

Mean of 25 stations. 

Mean of 17 stations. 

Mean of 20 stations. 

Mean of 11 stations. 

Do. 

Do. 

Mean of Hi stations. 

County surveyor. 

Mean of 2 stations. 

Mean of 21 stations. 

14 30 Mean of 10 stations. 

11 05 Mean of 23 stations. 

13 45 Estimate<l. 

12 4-5 Mean of 3 stations. 

12 50 Mean of 32 stations. 

15 20 Mean of 4- stations. 

14 30 Meanof35~tatious. 

12 40 Mean of 28 stations. 

10 50 · Mean of 22 stations. 

12 20 Mean of 10stations. 

10 50 Mean of 8 stations. 

12 20 Mean of 4-0~tations. 

11 !15 

15 15 

13 30 

10 30 

12 15 

13 20 

11 50 

12 25 

11 10 

10 30 

Mean of 6 stations. 

Mean of 21 stationR. 

Mean of 27 stat ions. 

Mean of 9 8tations. 

Mean of 22 stations. 

Mean of 14 ~tations. 

Mean of 10stations. 

County surveyor. 

Mean of 15 stations. 

Mean of llstations. 
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------.------------,--- -~-----------,-----------, 

County. ToWn, city, etc. 
Year Observed 
of 0 b: declina· 
8t~~"n~· tion. 

Declina­
tion in 
1900. 

~--:--~-0-, -0-,-
Lawrence ........................ , 1881 I 16 10 14 55 

Spearfish ........ /1885 I 16 00 15 00 

Lincoln .......................... )1863 ! 12 50 10 50 

I 
Lugenbeel ...................... [_1893 ( 13 55 13 30 

Lyman ........................... 11889 I 13 18 12 30 

McCook. . .. .. .. .. .. . .. .. . .. .. .. .. 1870 1 12 25 I 10 3n 

McPherson ...................... ·11884 14 22 
1 

13 20 
Marshall . . .. .. . . .. .. . .. .. .. .. .. .. 1881 12 38 11 25 

Martin ........................... j 1893 I 15 44 15 20 

Meade ......... 1 .................. )1884 I 15 38 14 40 

Meyer ............................ ! 1892 13 06 12 35 

Miner .. .. .. .. .. .. .. .. .. ........ J 1877 12 37 11 10 

Minnehaha ....................... 11865 12 06 10 05 

Sioux Falls...... 1889 ll 30 8 50 

Moody ...... '.. .. .. .. .. . .. . . .. .. . 1867 12 37 10 40 

Nowlin ........................... 1890 14 10 13 30 

Pennington .. • . . .. .. . .. . .. . .. . .. . 1883 15 19 14 1Q 

I Hill............. 1895 15 15 14 55 

Potter ......... I. .. .. . .. . .. . . .. .. . 1883 13 55 12 45 

Pratt .......... ) .................. 1890 13 47 13 10 

Presho ......... f. .. .. . . .. .. . . .. . . . 1886 13 25 12 25 

~~:::~~~:~:::::I:::: :::: :::: :::::: ~:~~ ~: :~ ~: :: 
Roberts .......................... 1876 12 53 11 20 

San born.... .. .. . . .. .. .. .. .. .. .. .. 1873 13 -l3 12 05 

Schnasse ....................... .. 

Scobey ........ . 1890 15 11 

14 15 

14 30 

Remarks. 

Mean of 5 stations. 

County surveyor. 

Mean of 14 stations. 

Mean of 7 stations. 

Mean of 24 stations. 

Mean of 16 stations. 

Mean of 32 stations. 

Mean of30statious. 

Mean of 19 stations. 

Mean of32 stations. 

Mean of 6 stations. 

Mea11 of 11 stations. 

Mean of 23 stations. 

County surveyor. 

Mean of 20 stations. 

Mean of ;32 stations. 

Mean of2;) stations. 

County snrve,vor. 

Mean of27 stations. 

Mean of 30 sta.tious. 

Do. 

Mean of 6 stations. 

Mean of 16 stations. 

Mean of24 stations. 

Mean of 3 stations. 

Estimated. 

Mean of 28 stations. 
Shannon . .. .. .. . .. . . . .. .. .. . .. .. . 1889 

Spink ........................... 1878 

Stanley .. .. .. .. . . .. . .. .. . . • .. . .. . 1890 

Sterling........ . .. .. . .. .. . . .. .. .. 1890 

Sully ............................ 1882 

15 13 

13 41 

13 12 

14 39 

14 37 

Tripp ............................ 1893 13 00 

To<ld .......................................... .. 

14 30 Mean of 5 stations. 

12 15 Mean of 17 stations. 

12 30 Mean of 40 stations, 

14 00 Mcanof26stations. 

13 25 Mean of3:3 stations. 

12 25 Mean of 10 stations. 

12 00 Estimated. 

Turner. .. .. .. .. . .. .. . . .. .. . . .. .. . 1867 

Union.......... . .. .. . .. .. .. .. .. .. 1864 

Wagner........ . .. . .. .. .. .. . .. .. . 1892 

Walworth ........................ 1883 

Washington.... . .. .. . .. .. .. . .. .. . 1890 

Washabaugh ..................... 1892 

Yankton ......................... 1864 

~ ........ -~-~~~~~~.::~::::: ~::~ 

12 34 

12 04 

15 45 

14 05 

14 44 

14 14 

12 16 

11 26 

14 51 

10 40 

10 05 

15 15 

13 00 

14 05 

13 45 

10 1'> 

11 10 

14 10 

Mean of 18 stations. 

Mean of 8 stations. 

Mean of 9 stations. 

Mean of27 stations. 

Mean of 10 stations. 

1 station. 

Mean of 8 stations. 

County RlHVeyor. 

Mean of 18 stations. 
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TENNESSEE. 

Observations for declination in this State are scanty, not more than 
half the counties being represented. They are derived from county 
surveyors, the United States Coast and Geodetic Survey, the National 
Academy of Sciences, and the survey of the northern boundary of the 
State. They are of recent date, those of the boundary survey, made 
in 1859, being the oldest. 

They have been reduced to 1900 by the application of corrections 
from series of observations in this State and Kentucky, which are set 
forth in the following table: ,-- Year. Reduction. Year. Reducti:l 

' 1---------- ----1---------1----
0 ' 0 I 

1890 .. ----- ... ------ 0 40 1860 .... ------------ 2 10 
1880 ... ------------- 1 25 1850 ..... -- ... -.... - 2 20 
1870 ..... -- .. -----.- -1-'1_o----''-----1-84_o __ - .......... _-_-___ --'-__ z_ 5~ 

The line of zero declination crosses east Tennessee. East of it the 
declination is west and is designated by the letter W. West of it the 
deelination is east and is distinguished by the letter E. The above 
corrections are to be added to west declinations and subtracted from 
east deeliilations. 

Town, city, etc. 
~e~b- Observed 

declina-
s:i~~~- tion. 

0 ' 

Anderson. __ .................••.................. 

Bed fortl ............................•••.......... 
Ben ton .... _ . . . . . . .' ............ __ . . .. _ . . ___ . __ .. _ 

Bledsoe _ . . . . . . . . ........ __ . . . . . . . . . . . . . . . ....... . 

Blount ......................................... . 

Bradley ...............•.......... 1895 2 35 E. 

Cleveland . . . . . . . 1875 
1 

3 30 E. 

Campbell..... Caryville ..••.... 1881 1 12 E. 

Cannon ...... . 

CarrolL .....................•................... 

Carter ......................... _ ............... . 

Cheatham ..................................... . 

Chester . . . . . . . . Montc:<nma...... 1895 3 45 E. 
Claiborne ...•........ _..... . . . . . . 1859 4 10 E. 

Clay ........... -----~ .......................... . 
Cocke .......... Newport ........ 1895 0 15 E. 

Coffee.... . . . . . . Tullahoma . . . . . . 1881 3 30 E. 

Crockett ...... -~- ...................... . 
Cumberland .................................... . 

Declina. 
tion in 

1900. 

0 I 

0 45 E. 

3 15 E. 

4 30E. 

1 30 E. 

0 00 

2 21JE. 

2 00 E. 

0 oow. 
3 00 E. 

4 30 E. 

0 15W. 

4 OOE. 

3 35 E. 

2 00 E. 

3 00 E. 

0 00 

2 10 E. 

4 50 E. 

1 30 E. 

Remark=-l 

Estimatefl. 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

N.A.S. 

C.&G.S. 

-Estimatefl. 

Do. 

Do. 

Do. 

County surveyor. 

Boun<lary Survey. 

Estimated. 

County surveyor. 

C.&G.S. 

Estimated. 

Do. 

-------
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r County. Town, city, etc. 

I 

year I Observed 
of ob- declina-
s~rva~ tion. 
tum. 

--I 
0 I 

Declina­
tion in 

1900. 

0 I 

Davi<lson. Nashville . .. .... 1896 4 06 E. 3 50 E. 

Edgefiel<l . . . . . . . 1871 5 02 E. 3 25 E. 

Decatur . . . . . . . . Perrysville...... 1895 4 24 E. 4 05 E. 

Dekalb .......................................... 3 00 E. 

Dichson ....................................... _._ 4 15 E. 

Dyer ...•....................................... 4 50 E. 

.Remarks. 

County surveyor. 

N.A.S. 

County surveyor. 

Estimated, 

Do. 

Do. 

:Fayette . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 00 E. Do. 

Fentress . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . 1 30 E. l;)o. 

Franklin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 30 E. Do. 

Gibson ......... Rutherford ...... 1881 6 00 E. 

Giles ........... Pulaski ......... 1881 5 OOE. 

4 40E. 

3 40 E. 
Grninger ........................................ 0 30B. 

Greene .......................................... 0 00 

Grundy ......................... . 

Hamblen ........................ . 

Hamilton . . . .. . Chattanooga.... 1881 2 26 E. 

Hancock ....................................... . 

2 30 E. 

0 15 B. 

1 05R 

0 20E. 

C. & G. S. 

Do. 

Estimated. 

Do. 

Do. 

Do. 

C. &G. S. 

Estimated. 

Hardeman ...... Grand Junction .. 1881 6 00 E. 4 40 E. C. & G. S . 

Hardin ................................ . 

Hawkins ....... Rogersville ...... 1873 

Haywuocl ........................ 1895 

..... .... 1 4 00 E. 

1 49 E. 0 20 E. 

4 55 E. 4 35 E. 
Henderson . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 4 30 E. 

Henry ..... ····,······ .................... , ...... 5 15 E. 

Hickman ........................................ 4 00 E. 

Houston .............................. . 

Humphreys .... Johnsonville .... 1865 

Jackson.... .. .. .. .. .. .. .. . .. .. .. 1859 

James.. .. .. . .. . Long Savannah.. 1895 

5 50 E. 

5 37 E. 
2 00 E. 

4 30 E.· 

3 55 E. 

3 25 E. 

1 40 E. 

Jefferson. .. . . .. . .. . .. .. . .. . .. .. .. .. .. .. .. .. . .. .. 0 15 E. 

Johnson ......................................... 0 15 W. 

Knox .. . .. . .. .. .. .. .. .. .. • . .. .. .. 1895 

Knoxville . . . . . . . 1875 

Lake.. .. . .. . . .. Reelfoot .. .. .. .. 1895 

Lauderdale ............ _ .............. . 

0 45 E. 
2 15 E. 

3 30E. 

0 25 E. 
0 45E. 

3 10 E. 

5 OOE. 

Estimated. 

N.A. S. 

County surveyor. 

Estimated. 

Mean of 2 stations. 
Boundary Survey. 

Estimated. 

Do. 

C. &G. S. 
Boundary Survey. 

County surveyor. 

Estimated. 

Do. 

County surveyor. 

N.A.S. 

County surveyor. 

Estimated. 

Lawrence .......... ·.. . .. .. .. .. . .. . .. .. . .. . .. .. .. 3 30 E. Do. 

Lewis ............................ 1895 3 48 E. 3 30 E. County surveyor. 

Lincoln .......................... 1895 3 56 E. 3 40 E. Do. 

Loudon ........................ .. 

McMinn ........ Athens ........ .. 1881 1 45 E. 

I ~cNairy ....................... .. 
LMacon ......................... .. 1859 6 24 E. 

0 45E. 

0 25 E. 

4 45 E. 

4 15 E. 

Estimat()d. 

C.&G.S. 

Estimated. 

Boundary Survey. 
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~ County. Town, city, etc. 
Declina­
tion in 

1900. 

0 I 0 I 

Madison . _____ . Jackson .... _ . . . . 1881 5 50 E. 

Marion __ .. ___ . _ ....... -- ........ - . . - - . . . - - - - - - - - -

Marshall._. __ .................... ----·· ----- ···· 
Maury .... __ ... Columbia .. . . . . . 1881 4 36 E. 

Meigs ................................. . 

4 30 E. 

2 00 E. 

3 30 E. 
3 15 E. 

1 OOK 

Mouroo . . . . . . . . Madisonville.... 1895 0 15 E. 0 00 

:::::~~~~~--: :: :::::::::::: ::: ::J:: ::: ::::::::: : ~~ !: 
Morgan ................................ -··· .... . 

Obion ............................ 1859 617E. 

Overton ...... . 

Livingston...... 1892 3 30 E. 

Perry ........ . 

Pickett .... __ .. 

Polk ........ .. 

Putnam . . . . . . . . .. _ .. _. _ ... __ . __ ...... . 

Rhea ......... . 

Ronne .... ______ ....................... . 

Robertson ........................ 1859 7 20 E. 

Rutherfor<l ..... Murfreesboro .... 1881 4 54 E. 

Scott. .......................................... . 

~:!~:~~~~~: :::: :::::: :::::: ::::::I::~::: i:::: : :::: 
Shelby ......... Memphis ........ 1877 6 47 E. 

Smith ... __ .... _ Pleasant Shade.. 1896 5 08 E. 

Stewart - . . . . . . . . . . . . . . . . . . . . . . . . . 1859 6 48 E. 
FortHenry ... ___ 1865 6 24E. 

1 00 E. 

4 05 E. 

2 55 E. 

3 00 E. 

4 00 E. 

2 00 E. 

0 45 E. 

2 30 E. 

1 00 E. 

0 45 E. 

5 10 E. 

3 35 K 

1 00 E. 

2 00 E. 

0 00 

5 15 E. 

4 55 E. 

4 35 E. 

4 20 E. 

0 00 

Remarks. 

C.&G.S. 

Estimated. 

Do. 
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C.& G.S. 

Estimated. 

County surveyor. 

Estimated. 

Do. 

Do, 

Boundary Survey. 

Mean of 3 stations. 

County surveyor. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Boundary Survey. 

C.&G.S. 

Estimated. 

Do. 

Do. 

U.S. Engin'rCorps. 

County surveyor. 

Boundary Survey. 

C.&G.S. 

County surveyor. Sullivan .. _ .... 

1

1 Bluff City __ .:__ _ 1895 0 15 E. 

Bristol ...... ____ 1881 0 38 E. 0 40 W. C. & G. S. 

Sumner ........ 

1 

.................. 1895 4 OOE. 3 40E. 

Tipton ......... ------·-----··-··· .••.••......... 515E. 

Trousdale ...... 

1 

... --· ....... __ ......... 
1 

......... 3 30 E. 

Unicoi_ ..•..... -----·------ ...... -·····i---·. ____ 0 15 W. 

Union .......... ---·-·····-··---·· ...... -··-····· 1 30E. 

Van Buren .... -~· _ .. _ ....... -..... _ . . . . . . . . _ . . . . . . 2 00 }<j. 

'Varren ................................ ----·---· 2 30J<j. 

Washington ...... - ....................... _. ____ . 0 00 

Wayne ......... Clifton .......... 1865 5 48E. 3 55 E. 

Weakley ....... Gleason ......... 1895 420E. 405E. 

White ........•. ------ ......................•.... 2 00 E. 

County surveyor. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C.&G.S. 

County surveyor. 

Estimated. 

I 
'V~lliamson ----~------ -·--·- ..................... 3 45 E. Do. _j 
Wtlson ......... -------------····· ............... 3 30E. Do. 

----------~--------
17 GEOL, PT I--27 

. 
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TEXAS. 

Out of the 245 counties of this State only 87 are represented by obser­
vations for magnetic declination. These are derived almost exclusively 
from the reports from county surveyors, there being a few from the 
United States Coast and Geodetic Survey, the Mexican Boundary Sur­
vey, and a trifling number from other sources. All of these, with the 
exception of those from the Mexican Boundary Survey, are of recent 
date; those from the county surveyors being nearly all of date 1895. 

They have been reduced to the epoch 1900 by the application of cor­
rections derived from series of observations within the State, and 
mainly in the eastern half of tfie State, which are set forth in the fol­
lowing table: 

1--Ye_ar._ Roduct.ion. Year. I Reduction. 

0 I 0 I 

1890 ...... ---------- 0 35 
1 05 
1 10 

1860 ...... ---------- 115 

1880 .... ------------ 1850 .... --- .. ------- 1 20 

1870 .... ------------ 1840 .... ------------ 1 20 

The declination is east,and the above corrections are to be subtracted. 

County. Town, city, etc. 
J e~~- Observed 

declina-
sti~~~- tion. 

0 I 

Anderson ............ __ ........................ . 

Andrews ................. ---- .................. . 
Angelina ....................................... . 

Aransas ........ Hockport ........ 1895 7 47 

Archer .. _. . . . . . Archer . . . . . . . . . . 1894 8 25 

Armstrong ..... --- ...... -----. ___ ------ ........ . 
Atasct;~sa _. _. . . . Pleasanton . . . . . 1893 8 55 

Austin .. _. _.... Sealy............ 1895 8 50 

Bailey .............................. , .......... . 
Bandera _ . _ . . . . . ..... _ ... _ . . . . . . . 1894 8 55 

Bastrop . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . ....... . 

Baylor ......... Seymour ........ 1884 9 34 
Bee .. ____ . _.. . . Beeville......... 1895 8 30 

Bell .... ---.---- ------ .................. --------. 
Bexar __ . __ ..... San Antonio..... 1895 9 45 

Blanco ......... Johnson ......... 1896 915 

Borden._ .. _ . . . . Gail...... . . . . . . . 1894 9 00 

Bosque ........... ---. -......................... . 

Bowie .. · ........ ------------------ .............. . 

Declina­
tion in 
1900. 

0 ' 
7 45 

11 00 

7 30 
7 30 

8 05 
11 00 

8 30 

8 35 

11 15 

8 35 

8 30 

8 40 
8 15 

8 45 

!) 30 

9 00 
8 40 

8 30 

7 00 

Estimated. 
Do. 

Do. 
County surveyor. 

Do. 
Estimated. 

County surveyor. 

Do. 

Estimated. 

County surveyor. 
Estimated. 

County surveyor. 

Do. 

Estimated. 

County surveyor. 
Do.· 

Do. 
Estimated. 

Do. 
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Year 
ofob· 
scrva­
tion. · 

Observed I Declina· 
County. Town, city, etc. declina- tion in 

tion. 1900. 

0 I 

Brazoria . . . .. .. .. .. . . .. .. . . .. . .. . 1853 9 05 

Brazos ................................ . 

Brewst.er ....................................... -

Briscoe ........................................ -

Brown ........................... · .............. -

Buchel ......................................... . 

Burleson ......... -- ..... - .. --- ... ----- · ···-- --- · 
Burnet . . .. . .. . . Burnet...... .. . . 1873 9 45 
Caldwell ...................................... .. 

Calhoun........ .. .. .. . .. .. . .. . .. . 1880 8 20 
Callahan ............................. .. 

Cameron ....... · Mouth of Rio 1854 9 00 
Grande. 

Camp ...................... .. :: .. .............. . 

Carson .. .. . . .. . Panhandle .. • . .. 1888 11 13 
Cass . . . . . . . . . . . Douglassville . . . 1896 7 00 

I Castro ..... ----1------ .......................... . 

Chambers ...... 1

1

· Wallisville...... 1895 7 08 
Cherokee ....... Rush ............ 1892 8 00 

~~:~tl~~~~::::::: f· ~~~~:~;t-~: ~ ~ ~ ~ ~: . ~~~~. ---- ~. ~~. 
~:~~~~~:: ~: :: ~:1::: ::::::::::::::: :::::: ::::::::: 
Coleman . .. .. .. . .. . .. .. .. .. .. .. .. 1895 8 50 
Collin...... .. .. McKinney...... . 1894 
Collingsworth ......................... . 

Colorado ........ \-... .. .. .. .. .. .. .. 1894 
ComaL..... .. .. .. .. .. . .. . .. .. .. .. 1895 

9 2i 

9 23 
7 47 

Comanche ...................................... . 

Concho ........................................ .. 

Cooke .......................................... . 

Coryell ....................................... .. 

Cottle ........... Paducah ........ 1895 10 09 
Crane .......................................... . 

Crockett ...................................... .. 

Crosby ........................................ .. 

DaUam .............................. .. 

DaUas ............................... .. 

Dawson .............................. .. 

DeafSmith .................................... .. 

Delta ...................... : .................. .. 

Denton ....................................... .. 

0 I 

7 50 
8 15 

10 30 
10 45 
9 15 

10 30 
8 30 
8 35 
8 30 
7 15 
9 30 
7 45 

7 15 
10 35 

6. 50 
11 15 

6 50 
7 30 

10 30 
8 20 

1115 
9 45 
8 35 
9 05 

10 30 
9 00 
7 30 

9 00 
9 30 
8 30 
8 45 
9 55 

10 20 
10 00 
10 30 
12 00 

8 15 
10 45 
11 30 
7 30 
8 30 

Remarks. 

C.&G. S. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. &G. S. 

Estimated. 

U. S.Engin'rCorps. 

Estimated. 

M. Bound. Survey. 

Estimated. ' 

County surveyor. 

Do. 

Estimated. 

County surveyor. 

Do. 

Estimated. 

County surveyor. 

Estimated. 

Do. 

County surveyor. 

Do. 

Estimated. 

County sntveyor. 

Do. 

Estimated. 

Do. 

Do. 

Do. 

County surveyor. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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~~~ I'· ObsArved r·~:=~=--------=l 
:er~·a~ de?lina- -tinn in Remarks. 
t
. tion. 1900. 
IOD. I ' 

County. Town, city, etc. 

---~--~----r------ ----------·-
Cuero........... 1889\ ~ ;9/ ~ 4,0 County surveyor. Dewitt ........ . 

Dickerw ....... . . ..................... ./. ....... _I 10 00 Estimated. 

I ~~:::.t_ :::::::: _::::: ::::~: :::::: . ... .!.... ..... 8 30 Do. 

Do. 
I 

······1····-···· 
! 

• •••. I- J.- . - •• DuvaL .......................... . 

Eastland. . . . . . . Eastland .. _ .... . 1889/ 9 40 

Ector . . . . . . . . . . Odessa .... _ .... . 1891 ! 10 50 

Erl wards _ . . . . . . . ....... _ ........ . ·····i····-··· 
Ellis .......... . 

El Paso . . . . . . . . El Paso . __ .. . . . . 1895 11 43 

Encinal ....... . 

1888 ·9 30 1 

····-··--1 
......... 1 

Erath ......... . 

Falls .. __ ..... . 

Fannin ........ . 

Fayette ....... . 

Fisher ........ . 

Floyd ......... . 

Foard_ ....... . 

Foley···--- ... . 
Fort Bend ........................ _ ... . 

Franklin _ .... _ _ ... _ . _ ........... _ ..... . 

Freestone ............................ . 

Frio ...................... ___ .... 
1 
•• _ •• _ 

Gai~es ..................... ······\·····- ....... . 
Galveston ...... Galveston ....... 

1 
1853 9 05 

~~1~::;;~:: ~:::: . ~,-r·e·d~;i~~~~~~~:: 1· ~~~~ ..... ~. ~~ 
Glasscock .................. -·····/······ ....... . 
Goliad . . . . . . . . . Goliad _ . _ ...... ·[ 1895 8 15 

Gonzales....... Gonzales _ .. _ .... I 1895 i 8 18 
! I Gray ........ , .................... 1 ••••••••••••••• 

Grayson ........ Denison ......... )1894 9 46 

Sherman ....... -j1878 9 20 

Gregg .......... 
1 

Longview ....... ,1872 8 40 

~:~~:~~~~~·::::: :::::::::::: :::::r:::: ::::::::: 
Hale _...... . . . . Plai;tview ...... -11896 11 30 

Hall_ ...............................•........... 

Hamilton ....................... ·I· .... _ ........ . 

:::~::~~::: ::: ::::::::::::::::: J:: ::: ::::::::: 
I 

10 45 

8 00 

9 00 

10 20 

9 00 

Do. 

County surveyor. 

Do. 

Estimated, 

8 15 Do. 

1130 County surveyor. 

8 15 Estimated. 

8 50 

8 30 

8 00 

8 20 

10 00 

11 00 

10 00 

10 30 

8 oo I 
7 30 I 
8 15 

8 30 

11 00 

7 50 

10 30 

8 00 

10 15 

8 00 

8 00 

10 45 

9 30 

8 15 

7 30 

8 15 

8 30 

County surveyor. 

Estimated. 
... 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

C. &G. S. 

Estimated. 

County surveyor. 

Estimated. 

County surveyor. 

Do. 

Estimated. 

County surveyor. 

C. &G. S. 

N. A. S. 

Estimated. 

Do. 

11 20 County surveyor. 

10 45 Estimated. 

8 45 I Do. 

11 00 I Do. 

10 15 / Do. 

7 30 1 Do. 
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~unty. Town, city, etc. 
Year 
ofob­
~erva­

tion. 

Observed 
declina­

tion. 

Declina­
tion in 

1900. 
Remark~ 

------1--------r--- ----1-----1----------.-1 

Harris ..... -- __ ..••...••• - .. ---- .. --- .. 
Harrison .. _ •. _. 

Hartley .... ----

Haskell ...... .. 

Hays ........................... .. 

HemphilL . _.... Canadian . . . . . . . 1889 
Henderson ...................... . 

Hidalgo .......... __ ............ .. 

HilL .................................. .. 

Hockley ........... : .................. .. 

Hood .......... Granbury ....... 1892 
Hopkins . .. . . .. Sulphur Springs. 1!'!88 

Houston .. . .. .. Houston . . .. .. .. 1895 
Howard ....... . 

Hunt ................................. . 

Hutchinson .. . 

Irion .......... . ----· ------ . ----. 
Jack ......... . Jacksboro ....... 1890 
Jackson .....•• ------------------
Jasper ....... . Jasper ---------- 1895 
Jeft'Davis ..... . ------ ------ ------
Jefferson ...... . Beaumont. ·----- 1890 
Johnson ............................... . 

Jones .. .. .. .. . . .. ......... - .. . . .. . .• - .. 

0 

11 04 

8 45 
8 48 

7 08 

---------
9 05 

----- ----
7 29 

---------
7 50 

Karnes ......... ' ....................... _ ....... .. 

~::~~~~:::j - _: :::: I:::: _:_:: -, 
Kerr .......... . 

~::;_]~-~~~: :::: :::::::::::: ::::]:::::: 
Kinney . . .. .. .. Spofford ....... _I 1890 9 13 
Knox ........ .. 
Lamar . _. ____ .. 

Lamb ........ .. 

Lampasas ..... . 

Lasalle ....... .. 

Lavaca . . . . . . . . Hallettsville . . . . 1894 8 45 
Leo .......... .. 

Leon ......... .. 

Liberty ....... . 

Limestone ...... Groesbeck ....... 1895 8 55 

0 I 

8 00 Est.imaterr. 

7 00 Do. 

11 30 Do. 

9 30 Do. 

8 30 Do. 

10 25 County surveyor. 

7 45 Estimated. 

7 45 Do. 

8 30 Do. 

11 15 Do. 

8 15 I County surveyor. 

8 10 C. &G. S. 

6 50 County surveyor. 

10 30 Estimated. 

7 45 Do. 

11 00 Do. 

10 00 Do. 

8 30 County surveyor. 

8 00 Estimated. 

7 10 County surveyor. 

10 45 Estimatetl. 

7 15 County surveyor. 

8 30 Estimated. 

9 45 Do. 

8 15 Do. 

8 00 Do. 

8 45 Do. 
10 00 Do. 

8 50 Do. 

9 00 Do. 

9 45 Do. 

8 40 County surveyor. 

9 30 Estimated. 

7 30 Do. 

11 15 Do. 

9 00 Do. 

8 30 Do. 

8 25 County surveyor. 

8 20 Estimated. 

8 151 Do. 
7 4.') . 

Oo ::J 
8 40 1 County surveyor. 



422 MAGNETIC DECLINATION IN THE UNITED STATES. 

County. Town, city, etc. 
Year 
ofob­
serva. 
tion. 

Observed 
tleclina­

tion. 

0 I 

Lipscomb .......... ___ ...................... ___ _ 

Live Oak .............................. . 

Llano ..................... _ ..........•..... __ .. . 

Loving ......................................... . 

Lubbock ....... ------------------ .............. . 

Lynn-------·-· .........................•....... 

McCulloch .................................... . 
McLennan .......... __ .............. ____ ..... ___ _ 

McMullen ...................................... . 

Madison . . . . . . . . . . . . . . . . . . . . . . . • . . . __ . . . . ..... __ _ 

:::~~:: ::::::::1:::::::::::: :::::: :::::: :::::::::. 
Mason .......... Mason ........... 1894 9 15 

Matagorda ..... Matagorda ...... 1877 8 25 

Maverick ... , ... Eagle Pass ...... 1852 10 00 

Medina ......... ' ................•................ 

Menard ......... ' .................. __ ......... ___ _ 

Midland ........ Midland ......... 1887 1120 

Milam .......... Cameron ........ 1893 8 30 

Mills .......•... Golclthwaite ..... 1895 9 30 

MitchelL..... . . Colorado...... . . 1888 

Montagne ...............•...........••. 

Montgomery .... Willis .......••.. 1838 

Moore . . . . . . . . . . . . ___ . _ . . . . . . . . . . . . . _ •.. 

Morris ......................•....... __ _ 

11 00 

--··----1 
9 30 

Motley ..................... -----· ....•. ____ ... .. 

Nacogdoches . . . Nacogdoches . . . . 1895 8 00 

~::~:r: :::::::: -~-:~~~~- ::::::::: -~~~~- .... ~ -~~-~ 
Nolan ........................ ---· ...... ! ........ -~ 
Nue~es .............................. --·1·--·- .... . 
Ochiitree. ----- ................................. . 

Oldham .................... ------ .............. . 
Orange .. _. __ ....... _ .......... _ .. _ .... . 

Palo Pintu. ____ Brazos .••....••. 1823 

Panola . . • • . . . . . . . . . . . . . • • • . . . . . . . 1895 

10 25 

8 00 

Parker .... _ ..... _ ................... _ .. _ ....... . 

Parmer .... ____ ------ ...... -----· .......... _ ... . 
Pecos ...... ___ . Dryden ......... 1896 

Polk . . . . • . . . . . . . . . . . . . . . . . . . . . . . . 1895 

10 30 

8 15 

Potter ......... 

1 

........ - ..... - - . -~- . . . . . .. . . . . .. 

Presidio ................. - ...................... ·I 

Declina­
t.ion in 
1900. 

0 

10 40 

8 15 

9 00 

11 00 

11 00 

11 00 

9 15 

8 30 

8 15 
8 15. 

7 00 

10 30 

8 55 

7 15 

7 40 

8 30 

9 15 

10 40 

8 05 

9 15 

10 20 

8 45 

Remarks. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

County surveyor. 

C. &G. S. 

Do. 

Estimated. 

Do. 

County surveyor. 

Do. 

Do. 

C. &G. S. 

Estimated. 

8 10 I C. & G. S. 

11 15 \ Estimated. 

7 15 Do. 

10 30 Do. 

7 45 County surveyor. 

8 15 Estimated. 

7 30 County surveyor. 

10 00 Estimated. 

7 45 Do. 

10 45 Do. 

11 30 Do. 

7 15 Do. 

9 10 C. &G. S. 

7 45 County surveyor. 

8 45 Estimated. 

11 30 Do. 

10 20 C,ounty surveyor. 

8 00 Do. 

11 15 EsHmated. 

10 45 Do. 
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Town, city, etc. 
\ 

Year 
ofob· 
serva­
tion. 

Observed I Dcclina-
tleclina- tion in 

tion. 1900. 

423 

1~--- ---- --------- ----1----1- --------1 

Rains . . . . . . . . . . . ................ . 

Randall .............. ------ ..... . 

Red River. ....................... 1874 

Reeves . . . . . . . . . Pecos . . . . . . . . . . . 1889 

Refugio . . . . . . . . Refugio . . . . . . . . . 1887 

Roberts ....... . 

0 I 

9 30 

11 22 

8 45 

Robertson ...... :Franklin ........ 1895 8 50 

Rockwall . . . . . . Rockwall . . . . . . . 1895 7 45 

Runnels ....... . 

Rusk ........... Henderson ...... 18941 7 50 

Sabine . . . . . . . . . ............•..... _. _ ....... _ .. . 

San Augustine. 

San Jacinto .... 

San Patricio.... San Patricio..... 1873 

San Saba ....... San Saba ........ 1874 

Schleicber ..... . 

9 05 

11 00 

Scurry __ ..... . Snyder.. . . . . . . . . 1895 10 17 

Shaekelford .. 

Shelby ........ . Center . . . . . . . . . . 1895 7 20 

Sherman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Smith ............. __ .. _ ..... _ . _ . _ .. _ .. _ . _ .. ___ .. 

Somervell . . . . . . . . . . . . . . . . . . . . . . . . 1895 9 15 

Starr.......... Ringgold Bar- 1853 9 15 
racks. 

Stephens ..... . 

Sterling ....... . 

Stonew~ll . . . . . . Rayner.. . . •. . . . . 1895 9 45 

Sutton ......................................... . 

~-:::::: ::::::: :~-~-~r~-~~~~~::: ::: -~~~~- .... ~ -~~-

l~G:~,Y II::::::::::::::::::::::::::· :: 
Travis . . . . . . . . . Austin . . . . . • • . • . 1878 9 00 

Trinity .............................. _ .......... . 
I 

~::~:< :::: : -··: :••:: -:. --
~=~~r:~~::: ::::)" ~~; ~i~-: :::::::: -~~~~l··· ~ -~;-

0 I 

7 45 Estimated. 

11 15 Do. 

8 20 County surveyor. 

10 45 Do. 

8 00 Do. 

10 45 Estimat&tl. 

8 35 County surveyor. 

7 30 Do. 

9 30 Estimated. 

7 30 County surveyor. 

7 00 Estimated. 

7 15 Do. 

8 00 Do. 

7 45 County surveyor. 

9 55 C.&G.S. 

9 30 Estimated. 

10 00 County surveyor. 

9 30 Estimated. 

7 05 County surveyor • 

11 30 Estimated. 

7 30 Do.· 

9 00 County surveyor. 

7 55 M. Bound. Survey. 

9 15 Estimated. 

10 00 Do. 

9 30 County surveyor. 

9 30 Estimated. 
11 00 Do. 

8 25 County surveyor. 

9 45 Estimated. 
11 00 Do. 

9 30 Do. 

7 15 Do. 

10 00 Do. 

7 55 C.&G.S. 

7 45 Estimated. 

7 30 Do. 

7 15 Do. 
1o 30 Do. 

8 451 
Do. 

9 15 County surveyor. 
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Town, city, etc. 
Year 
ofob­
serva­
tion. 

Observed. 
declina­

tion. 

Declina­
tion in 
1900. Rom>'>~l 

1

_V_a_n_Z_a_n_d_t _____ -_-_
1

_c_a_n-to_n ____ -_-_-__ -_-__ t_1_8_94--- ---i-;~- --~-0-~-I--C-o_u_n_t_y_s_u_r_v_e)-'O_I ___ -1 
Victoria._._._. -I Vi-ctoria ...... _. -11895 8 30 8 15 Do. 

Walker-------- -----·-------·--· ------ --------· 8 00 Estimated 
Waller ......... Ilernpstead ...... 1878 8 36 

Ward ·······-··1·----··-------·--· ------ --------· 
Washington . _ _ _ Brenham _ .... _ _ _ 1893 8 28 

Webb .......... Old Port Moin- 1852 10 00 
to~h. 

Wharton _ .. _ . . . . . . . . . • . . . . . . . . . . . _ . _ . . . _ ..... _ . 

Wheeler __ .... -I· ...................... -I- ..... __ _ 
Wichita ........ 1 •.•.•••• ____ ••.•••.•••••.• --·-·-

Wilbarger _..... Quanah . . . . . . . . . 18U2 10 02 

Williamson .... Georgetown ..... 1893 8 26 

Wilson._ .. ____ ..•............ _ .. _ ... __ .•. _ ..... . 

Winkler .... _ ..... ___ .... __ .... __ ... _. _ .. -- .. ---. 

\Vise . _ •.. _ .... _ 
1 
......... _ ....... . 

·wood ____ .... --~ Mineola ..... ___ _ 

Yoakum .............. ·-·--- .... .. 

, Young ........ 
1 

................. . 

1888 8 08 

1894 9 50 

7 30 C.&. G. S. 

10 45 

8 00 

8 40 

Estimated. 

C011J1ty surveyor. 

M. Bound. Survey. 

8 00 Estimated. 

10 30 Do. 

9 30 I Do. 
9 35 County stuveyor. 

8 00 Do. 

8 30 Estimated. 

10 45 Do. 

8 45 Do. 

7 30 C. & G: S. 

11 15 Estimated. 

9 30 County surveyor. 

~:!::~-:::::::: ~- ;;~t-~s;i~~~:::: :::I 8 00 Estimated. j 

1893--8-5_o ____ 8_2_5. County surv.:=_j 

UTAH. 

Observations in Utah are derived from the surveys of the standard 
lines and township exteriors of the General Land Office, together with 
a few stations by the United States Coast and Geodetic Survey, the 
Wheeler Survey, and returns from county surveyors. The Land Office 
observations in this State, as is the case with all recent observations, 
arc of excellent quality. 

The line of no secular variation crossed Utah between the years 
1870 and 1880, and the observations have been reduced accordingly, 
following the su~joined table: 

Year. ~---;:ar-. ----- Reduction.! 

I ---1-~----
0 I 

Reduction. 

0 ' 

1 ~~~~------ ---------- -0 25 1870 ...... ______ ..... o 40 

L~~~=l~-~6o .... =-~-~---·· __ o~2~ 
The declination is east, and the above corrections are to be subtracted. 
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~unty. r 
h-
a-Town, city, etc. 

Yea 
of o 
serv 
tio n. 

Beaver......... Eastern .... -.-- 188 

Western ......... 187 

Beaver .......... 188 

Tamarac . . . . . . . . 188 

Tushar . . . . . . . . . . 188 

Milford ..... •.... 188 

Boxelder. . . . . . . Eastern . . . . . . . . . 188 

Western .... ----- 188 

Corinne.------ .. 188 
Kelton ......... _I 188 

BoxelU.cr . . . . . . . . 188 

~::::~ ~ ~: ~::::: /1::::: : :::::: :::::: ~:: 
Davis ......... J .................. : 1S8 

2 

1 

5 

5 

5 

5 

1 

8 

1 

1 

1 
2t 

4 

8 

Farmington ..... \189 1 

Obsen•ed I 
declina-

tion. 

c ' 
15 50 

16 34. 

15 30 

15 31 

15 22 

15 13 

17 51 

17 41 

17 31 

17 45 

17 28 

17 30 

16 15 

17 02 

16 29 

Emery ..•...... Kortheastern .... 1 
•••• 

Southeastern •...... 

Northwestern . . . 189 

Southwestern . . . 187 

--~----- ----
-- ---------
1 16 12 

4 16 16 

Eastern . . . . . . . . . . .. _ 
I 

\V estern ........ l .. _ 
Garfield ........ \ - ........... 

- -------
Grand ...... ___ _ 

-~-~~t-c~~ :: : : : : : : : i -~~; 
-----------

Iron ........... . 2 

Western ........ _I 187 9 

Juah ........... Eastern ......... 187 5 

Western . . . . . . . . 188 3 

Nerhi. ...... ---- 188 4 

2 Fish Spring . . . . . 187 

Eureka . . . . . . . . . 187 2 

16 20 

15 46 

16 45 

17 00 

16 27 

17 05 

17 10 

Kane.------ ____ Eastern ......... ___ _ 

Western . . . . . . . . 187 

Paria . . . • . . . . . . . U~7 

-- ............. 

Millanl . . . . . . . . Northeastern . . . . 188 

Southeastern.... 187 

Northwestern ...... . 

Southwestern . . 187 

Deseret . . . . . . . . . 188 

Scipio ....... ---- 188 
Fillmore .... ____ 187 

~~~Irt:a~~: ::::::1:::: :; :::::::::::: 187 

187 

8 15 10 

2 14 30 

1 16 20 

0 16 25 

-- ---------
5 16 30 

4 16 10 

4 16 10 

2 16 15 

9 16 44.1 
1 16 05 

Dcc:lina-
tion in RernarkR. 
1900. 

0 ' 
15 15 Mean of 10 stations. 

15 45 Mean of 4. stations. 

14. 55 C. & G.S. 

14 55 Do. 

14. 50 Do. 

14 40 Do. 

17 10 Mean of 35 stations. 

17 15 Mean of 25 stations. 

16 i'iO C. &G. S. 

17 00 Do. 

16 50 Do. 

17 10 Mean of 9 stations. 

16 00 County surveyor. 

16 30 Mean-of 5 stations. 

16 10 I County surveyor. 

15 4.5 Estimat-ed. 

15 30 Do. 

15 50 Mean of 12 stations. 

15 35 Mean of 4. stations. 

14 45 Estimated. 

15 15 Do. 

15 20 Do. 

15 40 Mean of 5 stations. 

15 05 Mean of 3 stations. 

16 05 Mean of14 stations. 

16 30 Mean of 2 stations. . 
16 00 C. &G. S. 

16 25 Wheeler. 

16 30 Do. 

14 30 I Estimated. 

14 30 Mean of 9 stations. 

13 50 Wheeler. 

15 40 Mean of 9 stations. 

15 45 Mean of 5 stations. 

16 00 Estimatell. 

15 50 Mean of 6 stations. 

15 35 C. &G. S. 

15 35 Do. 

15 35 Wheeler. 

16 00 I Mean of 9 stations. 
15 25 Mean of 2 stations. 
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Town, city, etc. 
Year I Ob d !' Declina- ~ 
of ob- de~1f~=- tion in Hemark. "· 
8£;~~~- tion. 

1 
1900. 

---1---~1----·----

Rich ............ ~~~~~-~~~;;~._:::I ~:~~ 
Salt Lake .. .. .. .. .. .. .. .. .. .. .. .. 1880 

0 I 

17 22 

18 00 

16 30 

Salt Lake .. .. .. . 1895 16 30 

S•n J=n ....... -'~'' ~ongl"' : !872·1· ." -~ I 
San Pete....... Northern........ 1872 16 30•1 

Southern... . . . . . 1891 16 25 

Sevier.... . .. .. . .. .. .. .. .. .. .. .. .. 1885 16 30 

Summit .. .. .. .. Eastern . .. .. .. .. 1893 16 25 

·western. .. . . .. .. 1881 

Tooele . . . . . . . . . Northeastern . . . . 1889 

Southeastern.... 1873 

Northwestern ......... 

Southwestern ... 1877 

Uinta .......... Northern ........ 1893 

Southern ........ ··---· 
Utah ......... .. Eastern ......... 1884 

Western ......... 1889 

Provo ........... 1883 

Santaquin ....... 1872 
Fairfield ........ 1872 

Wasatch .. .. . .. Eastern ............. .. 

Western .. .. .. . . 1880 

Washington.... .. .. .. .. . . . . .. . .. . 1873 

St. George....... 1871 

Toquerville . . .. . 1872 

Ogden .......... 1895 

16 57 . 

16 25 

16 50 

16 58 

16 22 

..... ----1 
16 50' 

16 30 

16 32 

17 26 

17 00 

16 42 

15 56 

16 27 

16 11 

16 00 

17 10 

16 30 

0 I 

16 40 Mean of 4 stations. 

17 20. Wheeler. 

15 50 Mean ofl7 statious. 

16 20 1 County surveyor. 

16 20 Wheeler. 

14 00 Estimated. 

15 50 Mean of 7 stations. 

16 00 I Mean of 3 stations. 

16 00 Mean ofl9 stations. 
16 ot; Mean of 2 stations. 

16 20 Mean of 17 stations. 

16 00 Mean of 2 stations. 

16 10 Mean of 15 stations. 
17 00 Estimated. 

16 20 Meau of 2 statious. 

16 05 Mean of 7 statious. 

15 30 :Estimated. 

16 15 Mean of 6 stations. 

16 00 Mean of 24 stations. 

16 00 C. &G. S. 

16 45 Wheeler. 

16 20 Do. 

16 00 Estimated. 

16 00 Mean of 7 stationR. 

15 15 Mean of 6 stations. 

15 45 Wheeler. 

15 30 Do. 

15 25 Mean of 8 stations. 

16 40 

16 15 County surveyor. I ~:~:::::::· :::1:::::::::::::::::: ~::~I 
---~----·---------------

Do. ~ 

VERMONT. 

The data for Vermont are derived from the compilation of the Coast 
and Geodetic Survey, with the addition of a few returns from county 
surveyors. The earliest of these bears date 1801, and with this excep­
tion none of the observations are of sufficiently early date to be com­
plicated wit.h the change in secular variation, since the zero of that term 
passed over Vermont prior to the beginning of the present century. 

In the reduction of these observations to the epoch 1900 the correc-
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tions appearing in the following table, determined from the series 
observed in_ western New England, have been applied: 

:~~~--~~-y~-c-ar_~-=~~~~R-_o_d_u_ct~io_n_.~--~~--==Y~e~ar_~~~~==~-~-R-e-dt-w"o" I 
~ 2

1

0 1840 ....... ___ ..... _ ~ 4
1

0 1 1890 ............... . 
1880.- ............. . 0 45 1830 .... ······ ...... 4 40 

1870 ...... -· .. ······. 1 25 1820. -......... - - -- . 5 20 
1860 ........ --- .... . 
1850 ...... --·· ...... 1 

I 

2 05 
2 55 

1810 .. - ......... --.-
1800 ...... ··-· ······ 

5 50 
6 10 

The declination is west, and the correction for secular variation is to 
be added. 

~County. Year Observed Declina- Remark~ Town, city, et.c. ofob declina· tion in serva.· 
tion. tion. 1900. I 

------- ----
0 I 0 I 

Addison_ ....... Middlebury ..... 1896 11 22 11 30 County sur~eyor. 

Bennington .... -----· ...... ------ -----· --------- 11 30 Estimated. 

Calellonia ...... Ryegate .... · ..... 1801 7 00 13 10 Silliman's J onrnal. 

St. Johnsbury . _. 1837 9 16 13 15 Do. 

Chittenden ..... Burlington ...... 1873 11 20 12 35 C. &G. S. 

Essex Junction .. 1849 9 24 12 25 Do. 

Essex .......... -----------------· ------ ----·---- 14 30 Estimated. 

Franklin ....... Swanton Falls ... 1850 11 28 14 25 C. &G. S. 

Grand Isle ...... North Hero ...... 1895 13 00 13 10 County surveyor. 

Lamoille ....... ------·----------- ------ --------- 13 30 Estimaterl. 

Orange ......... \Yells River ..... 1875, 11 55 13 00 N.A. S. 

01·leans ........ Barton .......... 1837 10 50 14 50 Silliman's .T oui·nal. 
Derby ........... 1876 13 18 14 20 N.A. S. 

Rutland ........ Rutland ....... __ 1879 11 09 12 00 C. &G.S. 

Washington .... ····---------·---· ------ --------- 13 00 Estimated. 

\Vindham .... _. Newfane ........ 1895 12 00 12 10 County surveyor. 
Brattleboro ..... 1895 11 55 12 05 Do. 
Winhall ......... 1895 12 15 12 25 Do. 
Bellows Falls .... 1876 11 07 12 10 N. A. S. 

Windsor ........ Woodstock ...... 1896 12 30 12 40 County surveyor. 

I_ 
White River 1876 11 05 12 05 N.A. S. 

_j Junction. 

West Hartford ... 18fj0 11 09 13 15 C. &G. S. 
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VIRGINIA. 

Data for magnetic declination in Virginia are very scanty, consjsting 
of a few observations by the United States Coast and Geodetic Survey, 
National Academy of Sciences, and county smveyors. With very few 
exceptions, tbe data are of recent date, at least coming within the last 
lmlf of the century, and most of it within the last twenty or thirty 
years. With the exception of two obst>rvationl'l from Boye's map of 
Virginia, all of these observations are of recent date. 

The line of no secular variation is supposed to have crossed the 
middle of Virginia about the year 1810. 

The following is the table of reductions on account of secular vari­
ation to the epoch "1900, derived from a series of observations taken 
in Delaware, Maryland, District of Columbia, Virginia, and West 
Virginia: 

Reduction. Year. 

0 I 
""""'"""! 

0 I 

~:~~:::: :::::.::: :J ~ ~~ ~::~::::::::: ::::::: : ~~ 
1870 ............ --··1 1 55 1820...... .......... 4 10 

1 1~~0-.. . .... _ . 2 25 1810 ........... __ ... 4 20 I 

Lo~_:: .. :=l_~j ___ ~----_j 
The zero of magnetic declination crosses the southwestern part of the 

·state. East of that line the declination is west and west of that line it is 
east. Unless otherwise designated it is to be understood that the dec­
lination is west. The above reductions on account of secular variation 
are to be added to west declination and subtracted from east declination. 

County. Town, city, etc. 

-------,,-----,-------.1 J ~b~ 0 hse~ved neclina. 
serva- de4?hna· tiou in Remarks. 
tion. twn. 1900. 

--------------1 . ------ -·-- ---------1 

0 I 0 I 

Accomac . . . . . . . . . . . . . . . . . . . . . . . . . 1894 4 18 

Albemarle...... Charlottesville.. 1887 2 00 

4 35 

2 40 

Greenwood...... 1880 2 19 3 20 

Alexandria. .. .. . . . .. . .. . .. . .. .. .. . . .. .. .. .. . .. .. 4 30 

Alleghany...... Covington . . . . . . 1890 1 15 1 45 

Amelht. .. .. . .. .. . . . . . . . .. . . . .. . . .. . . . . .. .. . . . .. 3 15 

Amherst . . .. .. . Amherst . .. . .. .. 1878 2 00 3 10 

Appomattox.... .. .. . . .. . . . . . .. .. . . . . .. . . .. . . .. .. 2 30 

Augusta ........ Staunton ........ 1895 2 00 

and .......................................... . 

2 15 

2 15 

2 00 

1 00 

JVIean of 4 stations. 

C. &G.S. 

Do. 
Estimated. 

County surveyor. 

Estimated. 

County surveyor. 

Estimated. 

County surveyor. 

Estimated. 

Do. 
Do. 

Ba~~~~:~ ~~:: ::::1:: ~~~~ ::::::::::: :~:~~~~: ~~~::: :::: 
. I . 

--------~------------~ 
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County. 'town, city, etc. 

Botetourt __ . _____ ....... ___ .... .. 

I , 
ear 1 Observe<l I 
~~~ Cle?lina· I 

y 
of 
ser 
1i on. t10n. 

I --·-
0 I 

' ... ---··--· I 

Declina-
tion in 

1900. 

c; ' 
1 45 

24 o 52E.i3 15w. 

--·· ·---- 0 30 

Brunswick _____ ...... ______ ...... 18 

Buchanan ...... ------------ ..... . -- i 3 00 --- ---··---
73 0 34 1 2 10 

Buckingham_ ....... :------ ........ . 

Campbell .. . . . . Lynchburg...... 18 

Caroline ....... Sparta---------- 1 893 3 35 i 3 55 

---~-----··-· 
1 00 

:::1::::::::: 3 45 

2 45 

Carroll.---- .... 
1 

............ ------ __ 

Charles City.--'------ ............ __ _ 

Charlotte------------··---- .... .. 
Chesterfield _ ....... _ ... __ ......... _. --· -----·-·· 3 30 

Clarke.---- .... --· • .... ! ....... 4 00 

Craig .......... Simmonsville .... 1 894 054 1 10 

Culpeper._..... Culpeper...... . . 1 873 I 2 21 3 55 

895 3 00 3 15 

--· ---·----- 0 15 

871 1 30 3 20 

856 I 1 15 3 55 

895 4 00 4 15 

~~c~~::~:~~ ~::: . ~-o-~~~~~~~~:::::: I·~-
Dinwiddie...... Petersburg ...... 

1 

1 

Elizabeth City. Old Pt. Comfort.\1 

Essex ............................ 1 

Fairfax . . . . . . . . Bealeton . . . . . . . . 1 895 4 10 4 25 

Rnll Run ........ 1 871 4 22 6 15 

8~~-~-~-~~----
4 50 

3 45 

Peach Grove . . . . 1 

Fauquier ........................... . 
Floyd ............ __ . _ ........ __ .. 1 895 4 30 4 45 

--- ---·----· 3 00 

--· ............... 1 45 

--· ·------·- 4 00 

Fluvanna .................. ------~---

~::~::::~ :: :::: :: . :: : : : : : :: :::: : :I:: : 
I 

Giles........... Pembroke ..... --I 1 882 2 oow. 2 55 

--- .............. 4 00 

--- ............. 3 15 

824 3 50 0 15 

---1--------- 3 00 

--- ------··· 3 15 

Gloucester .......... _ .. _ ....... --~--. 
Goochland ......................... . 

Grayson...... . . Peach Bottom ... 
1 

1 

Greene ........................... 

1 

... 

Greenesville .... _ ....... _ ........... . 

Halifax ........ Houston ........ ! 18 96 2 03 2 15 

Meadville ....... 18 86 1 30 2 15 

Hanover ...................... _ .... . ·-- ·-------- 3 30 

Henrico ........ Richmond ....... 1 856 0 15 w. 3 00 

Henry ................. -- ........ --- --· ----- ----[ 1 45 

--- ----- ·:··12 30 
___ , ___ -- ---- 3 45 

Highland ................... __ ..... . 

Isle of Wight ...................... . 

James City..... Williamsburg . . . 18 87 3 03 3 45 

King and Qneen .................... . --- ............. 4 00 

King George.... Comorn _........ 18 95 4 00 4 15 

Remarks. 

Estimated. 

Boye map. 

Estimated. 

Do. 

N . .A.. S. 

County surveyor. 

Estimated. 

Do. 

Do. 

Do. 

Do. 

County stuv~yor. 
N . .A.. 8. 

County surveyor. 

Estimated. 

C. &G. 8. 

Do. 

County surveyor. 

Do. 

I c. &G. s. 
Do. 

Estimated. 

County surveyor. 

Estimated. 

Do. 

Do. 

County surveyor. 

Estimated. 

Do. 

Boye map. 

Estimatetl. 

Do. 

County surveyor. 

C. &G. S. 

Estimated. 

C. &G. S. 

Estimated. 

Do. 

Do. 

C. &C. S. 
Estimated . 

I County sun•eyor. 
--~_j 
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Count.y. Town, city, etc. 

Year 
ofob· 
serV'a­
tion. 

King William .. Court-house ..... 

1

. 1896 
Lancaster . . . . . . Lancaster. . . . . . . 18!JO 
Lee . .. .. . . . . . . . .Jonesville ...... -11890 
Loudoun....... Farm well . . . . . . . 1895 
Louisa . . . . . . . . . Louisa . . . . . . . . . . 1895 
Lunenburg .... . 

Maclison ....... . Court-house ..... 1896 
Mathews ...... . Court-house ..... 1895 

Wolf Trap ...... 1871 
Meckleu burg .................... . 

Mid~lesex ...... 
1 
................. . 

Observed 
declina­

tion. 

0 

3 15 
4 00 
0 30 E. 

3 00 
3 20 

3 15 
4 56 
2 50 

Montgomery . . . Christiansburg .. 

Nansemond ..................... . 

1889 0 55 
1895 2 57 

Hines . . . . . . . . . . . 1887 3 05 
Nelson ......................... . 

New Kent ....................... . 

Norfolk ........ Norfolk ......... -------·· 
Gosport Navy- 1865 2 38 

Yard. 

Northampton ... Cape Charles .... 1856 1 36 
Scott ............ 1856 1 31 

Northum ber- ................................ . 
Janel. 

Nottoway ...... Burke ........... 1873 2 00 
Orange ......... Clark Mountain . 1871 1 47 
Page ........... Luray ........... 1895 3 35 
Patrick ....................................... . 

Pittsylvauia .... Danville ........ 1873 
Mount Airy ..... 1873 

Powhatan ...... Scottsville ...... 1879 
Prince Edward .................. . 

Prince George .................... . 

Princess Anne.. Knott Island.... 1873 
Cape Henry.... . 1887 

Prince William ........................ . 

f 16 
0 55 E. 

2 30 

2 55 
3 20 

Pulaski ........................................ . 

Rappahannock. Washington ..... 1896 3 52 
Richmond ...................................... . 

Hoanoke ...................... -.· ....... , ....... .. 

Rockbridge .... Natural Bridge .. 18731 0 05 

Declina­
tion in 
1900. 

0 

3 30 
4 30 
0 00 
3 15 
3 35 
3 oo 
3 30 
5 10 
4 45 
3 00 
4 15 
1 30 
3 10 
3 45 
2 30 
4 00 
3 30 
4 45 

4 20 
4 15 
4 30 

3 35 
3 35 
3 50 
1 30 
2 55 
0 40 
3 35 
3 00 
3 30 
4 30 
4 00 
4 00 
1 15 
4 05 
4 15 
1 30 
1 40 
2 45 
1 15 
0 00 

Remarks. 

County surveyor. 

Do. 

Do. 

Do. 

Do. 

Estimated. 

County surveyor. 

Do. 

C. &G. S. 

Estimated. 

Do. 

County surveyor. 

Do .. 

C. &G.S. 

Estimated. 

Do. 

Mean of 3 results. 

Smithsonian Inst. 

C. &G. S. 

Do. 

Estimated. 

N.A. S. 

C. &G. S. 

County surveyor. 

Estimated. 

N.A. S. 

Do. 

C. &G. S. 

Estimated. 

Do. 

C. &G. 8. 

Do. 

Estimated. 

Do. 

County surveyor. 

Estimated. 

Do. 

N.A. S. 

County surveyor. 

Estimated. 

Do. 

I Uoo?gh~m - ll:':'~:~bu<g :-: ~8~ r: ::::: 
---------~-------~---
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County. Town, city, etc. 
J Year 

ofob· 
serva­
tion. 

Observed 
declina­

tion. 

Declina- · 
tionin 
1900. 

0 0 

Shenandoah . . . . Strasburg ....... 
1 

1884 2 58 

Smyth··--·---- Marion .......... l1881 0 02E. 
Southampton. __ ....... _ .. __ . __ ...... __ .. _. __ ... __ 

I 
Spottsy1vania .. Court-bouse .. -... 1895 3 30 

Fredericksburg .. 1856 1 02 

3 50 

1 00 

3 30 

3 45 

3 45 
Stafford_: ___ . _ _ Court-bouse..... 1895 3 37 3 50 
S11rry __ . _. ___ .. ____ .. ______ ....... ___ .. ________ . 3 45 

Sussex _ ... _ .. _ ... _______ . _. __ . _ ... ____ ...... __ . . 3 30 

~::::1~::::: :: :::::: :::::: :::::: ::::::I:::: : :::: ~ :~ 
Warwick .... _ .. _ ... _ ... __ .... __ ..f. ___ .. 1 ..... _ _ _ _ 4 00 

Washington .... EmoryanllHenryf1881 1 OOE. 0 00' 

Westmoreland .... _ ~-~1~: ......... J .. ___ .... _. ___ 4 30 

;~:~;~: ::: :::: -;~-t~-~~:1~~::: :::1-~~~~- -~-~~-- .. ~ ~~ 

]{emarks. 

C.&G.S. 

Do. 
Estimated. 

County surveyor. 

C.&G.S. 

County surveyor. 

Estimated. 

Do. 

Do. 
Do. 

Do. 
C.&G.S. 

Estimated. 

Do. 

C.&G.S. 

Estimated. York ........... 
1 

•••••••••••••••••• 

1 

............... 14 00 

------~----~--------------~ 

WASHINGTON. 

Results iu Washington have been derived mainly from the General 
Land Office, with a few from the United States Uoast and Geodetic 
Survey and from county surveyors. In the county means only Land 
Office observations are included. These are of recent date, ranging 
from 1868 to the ])fescnt time. 

Data for the determination of the secular change arc mainly from the 
western part of the State. All indications point to the passage of the 
line of no variation across the State between the years 1885 and 1900, 
and the observations have been reduced accordingly, using the table 
herewith presented. 

Year. 

1890.----- .. ------ .. ---- ..... ---- .. -- ...... 

1880 .... --.-------- ...... ---- .. -- .. --------
1870 ..................................... .. 

1 1s6o ....... ______ .................... ------l_i; :::::: ::: ::: :::::::: :: ::: 

Reduction. 

Eastern 
part. 

Western 
part. 

0 I 0 I 

0 00 

+O 05 
0 20 

0 45 
1 05 

1 45 

+O 05 

0 20 
0 45 
1 05 

~ 
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The second column, that applying to the western part of the State, 
baR been derived from series in Oregon and Washington, to which cer­
tain values have been added by interpolation. It indicates the passage 
of the zero of secular variation in 1900. The other column is derived 
from the latter, assuming that the zero passed in 1890. 

The declination is eas~, and the above corrections are to be added. 

j:unty. 
Year Observed Dec !ina- - R<m><<~-~ Town. city, etc. ofob- declina- tion in serva- tion. 1900. tion. 

------~--

a I a I 

Adams ......... ------·----------· 1872 21 18 21 30 Mean of 10 stations. 
Asotin . ____ .... -----· ·----- ------ 1876 21 35 21 40 Mean of 3 stations. 

Chehalis ....... ------··---· -----· 18.84 22 08 22 10 Mean of 14 stations. 

Aberdeen ....... 1894 22 30 22 30 County surveyor. 

Clallam ........ ------------------ 1884 22 26 22 40 Mean of 27 stations. 

Neah Bay ....... 1881 22 45 23 0:) C.&G.S. 

Clarke ......... Vancouver ...... 1881 20 53 21 00 Do. 

Columbia ...... 
1 
.................. 1H61 21 00 22 05 Mean of 4 ~tations. 

Cowlitz ...... --(-- ................ 1877 21 35 22 00 Mean of 8 stations. 

Douglas ........ 
1 
.................. 1887 22 16 22 20 Me~n of 19 stations. 

Franklin ....... 
I 

1866 21 10 22 00 Mean of 6 stations. ·----------------- I Garfield ........ -----· -----------· 1870 21 26 21 45 Mean of 3 stations. 

Pomeroy .....•.. 1881 21 34 21 40 C.&.G.S. 

Island .......... ·----------- ------ 185() 21 30 23 00 1 station. 

Jefferson ....... ------ ·----------- 188·1 22 07 22 30 Mean of 4 stations. 

Port Townsend .. 1881 21 27 21 4:j C.&G.S. 

King ........... -----------------· 1871 21 57 22 40 Mean of 18 stations. 

Seattle .......... 1888 22 30 22 35 C.&G.S. 

Kitsap ......... ---- ................. 1894 22 30 22 40 1 station. 

Kittitas_ ...•... ---- ..... ---------- 1880 21 40 21 40 Mean of 12 stations. 

Klickitat ....... ------------------ 1874 20 54 21 00 Mean of 8 stations. 

Lewis .......... ---· -------------- 187() 21 21 21 50 Mean of 12 stations. 

L-incoln ........ ------······ ------ 1874 21 41 21 50 Mean of9 stations. 

Sprague ......... 1881 22 55 23 00 C.&G.S. 

Mason --------- ---------·--·----- 1874 21 38 22 10 Mean of 5 stations. 

Okanogan ...... ------------------ 1883 22 32 22 35 Mean of 2 stations. 

Conconully ...... 1890 22 55 22 55 County surveyor. 

Pacific ......... 
• .. ---- ----- .... ---- 0 

1880 21 42 22 00 Mean of 9 stations. 

Pierce --------- ··------------·--- 1873 21 15 21 55 Mean ofll stations. 

SanJuan ....... ·----------------- I ------ --------- 23 00 Estimated. 

Skagit ......... ------ -----·------ 1882 22 19 22 40 Mean of7 stations. 

Skamania ...... ··---------- ------ 1893 23 15 23 15 Mean of3 stations. 

Snohomish ..... ···--·-----------· 1880 22 29 22 50 Mean of 13 stations. I Spokooo ....... -----··----------· 1876 22 03 22 20 Mean of 7 stations. I 
Spokane -------- 1881 21 40 21 45 C.&G.S .. 
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Year Observed Dec !ina- I 
County. Town, city, etc. of ob- declina- tion in Remarks. serva- tion: 1900. tion. 

------ ------

0 I 0 I 

St,evens ........ a • • • • • • • • • • • • • • • • • 1876 23 00 23 35 Mean of 5 stations. 

Thurston ....... ·----- ·----- ------ 1868 21 37 22 25 Mean of 8 stations. 

Olympia ........ 1895 22 20 22 20 County surveyor. 

Wakiakum ..... ------------------ 1895 22 30 22 35 Do. 

Wallawalla .... ------------------ 1878 20 50 20 55 Mean of 4 stations. 

Wallula ..... ____ 1881 19 56 20 00 C.&G.S. 

Ainsworth ...... 1881 21 25 21 30 Do. 

Walla walla ----- 1887 21 10 21 10 Do. 

Wha tcom __ .... ______ .. ___________ 
1879 22 35 22 55 Mean of 8 stations. 

Whitman ------ ----·- ------------ 1871 20 49 21 35 Mean of 11 stations. 

Yakima ........ ------------------ 1874 21 04 21 40 Mean of 47 stations. 

WEST VIRGINIA. 

Observations for magnetic declination in this State are extremely 
scanty, only 20 counties out of 54 being represented by observations. 
These observations are derived from county surveyors, from the United 
States Coast and Geodetic Survey, National Academy of Sciences, and 
in one or two cases from the Boye map of Virginia. With the excep­
tion of those last mentioned the observations are of comparatively 
recent date, the earliest being taken in 1864. 

It is believed that the line of no secular variation crossed West Vir­
ginia about 1810, and consequently none of these observations are 
affected by the change in secular variation, with the exception of those 
taken from the Boye map. 

The following is the table of reduction to the epoch 1900 on account 
of secular variation, derived from series observed in Delaware, Mary­
land, District of Columbia, Virginia, and West Virginia: 

~-Y_e_ar_. ___ 
1
_R_e_<h-'c_t,_'on_._

11 
____ Y_e_ar_. ___ Reduction. I 

0 ' 0 I 

1890 -- -- -- -- -- -- -- --

1880 -- -- -- -- -- -- -- --

1870-- -- -- -- -- -- -- --

~:::::::::::::: 

0 30 

1 00 

1 55 

2 25 

3 00 

1840-- - -- . - - - - -- - -- -

1830 - -- - -- -- -- -- -- --

1820-- -- -- - - - - -- - -- -

1810------ ----------

3 30 

4 00 

4 10 

_:j 
The declination in 1900 is west in all cases. In a few cases the 

observed declination is east, and is so designated. The above reduc­
tions are to be added to west declination and subtracted. from east 
declination. 

17 GEOL, PT I--28 
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County. 
Year I of ob- Observed Dcclina-

•:i~:•: tion. 1900 
Remarks. Town, city, etc. <leclina- tion 1n I 

--------- ------------------1 

Barbour ...... __ -----------------------· -~--'- ---- ~~~I Estimated. 

:::::l_e_~:::~~~: -~~~~i~~~~~~-::~~ -~~~~- -~-~~---- ~~~I' :~~~s~ted. 
Braxton._______ Bull town . . . . . . . 1824 2 10 E. 2 00 Boye map. 

Brooke _________ ------------·-------------------- 3 00 Estimated. 
Cabell _________________ . __ ....... ______ . _ _ _ _ _ _ _ _ 1 00 Do. 

Calhoun ________ ------·----------- 1892 0 45 

Clay ____ ----------------------------------------
Doddridge __ ... _____ . __ ---. __ ... - --.--- --- .. ----

Fayette __ ........ ---- ------ ------ ------ ---- - ----
Gilmer ......... Glenville ________ 1896 1 05W. 

Grant---- ... --- ------------ ------ --- ,. - ---------

Greenbrier ..... _-------------------------------
Hampshire,_--.---- ____ ----·-----·----- ________ _ 

Hancock------_ New Cumberland 1895 2 50 
Hardy------ __ . ____________ ------

Harrison ___ .... Clarksburg...... 1880 1 45 

Jackson .... ___ . ____ .. ------ ----- .. ----- ..... ----

. Jefferson ......... ___ ............. ------
Kanawha _ _ _ _ _ _ Charleston .... _. 1881 1 03 
Lewis ______ ---- };dmiston. ------ 1885 2 00 

Lincoln . . . . . . . . . ........ _- ... _ . . . . . . . . . ________ . 

Logan. _ ..... _ . . . . __ ..... _ .... _ . _ . . . . . . . ______ . _ . 

McDowell .... --
Marion--------- Fairmont ________ 1889 

Marshall . _. . . . . Cameron . _.. . . . . 1864 
Mason _ _ _ _ _ _ _ _ _ Point Pleasant . . 1864 

Mercer.--------
Mineral ______ ... _____ ......... __ . 1824 

2 34 

0 24K 

1 35 E. 

1 35 E. 

Mingo ...... --- --- .... ----- ------ ------ ----.----
Monongalia __ ... ____ ... ___ . __ .... ________ _ 

Monroe ___ . . . . . Alderson . . . . . . . . 1881 0 55 

Morgan------------ __ --_. __ .------ ------ ---- _ ----
Nicholas. ____ .... ____ . _. _ ... ____ . _____ _ 

Ohio ___________ Wheeling-·----· 1881 0 00 

Pendleton ...... Upper Front---- 1883 1 10 

Pleasants---------------------------------------
Pocahont~B----- Edray ........... 1872 0 20 

Preston .... -- .. ------ --- --- . ----- ------ ---- - --- -
Putnam ............ __ . _. _ .... _ .. __________ . ____ . 

Raleigh------- ... ____ ... __ .. ----. ______________ .
1 

1 10 

1 30 

2 30 

1 30 

1 20 

3 45 

1 30 I 
3 45 I 
3 05 

3 15 

2 45 

1 30 

4 00 

2 00 

County surveyor. 

Estimated. 

Do. 

Do. 

County surveyor. 

Estimated. 

Do. 

Do. 

County surveyor. 

Estimated. 

C.&G.S. 

Estimated. 

Do . 

C.&G.S. 

2 45 County surveyor. 

1 00 Estimated. 

0 45 Do. 

0 45 

3 10 

1 50 

0 35 

1 00 

2 30 

Do. 

County surveyor. 

C.&G.S. 

Do. 

Estimated. 

Boy6 map. 

0 45 Estimated. 

3 15 Do. 

1 55 C. & G. S. 

4 00 Estimated. 

2 00 
1 00 

Do. 

C.&G.S. 

2 00 County surveyor. 

2 00 Estimated. 

2 (l5 County surveyor. 

3 30 Estimated. 

1 15 
1 15 

Do. 

Do. I 
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County. 'Town, city, etc. 
Year Observed 
of ob- declina-
a~~~~- tion. 

0 I 

Randolph ...................................... . 
Ritchie ..................•........•.•. _ ........ . 

Roane ...................•....................... 

Summers ....................................... . 
Taylor. _ ..... _ _ Grafton . . . . . . . . . 1864 1 52 

Prunty...... . . . . 1883 2 33 

Tucker ...........•.............................. 
Tyler ...... , ................................... . 

:2L -::: I ::::-::::::-::::- :::: ::::::: 
WetzeL---- .... --····------ .................... . 

Declina­
tion in 
1900. 

0 I 

2 30 

2 00 

1 30 

1 30 

4 05 

3 25 

3 00 

2 30 

2 30 

0 30 

2 10 

2 30 

435 

Remarks. 

Estimated. 

Do. 

Do. 

Do. 

c.& G. s. 
Do. 

Estimated. 

Do. 

Do. 
Do. 

Do. 

Do.· 
Wirt ....................•........ 1895 2 45 3. 00 County surveyor. 

I ~;::~~~ ~ ~ ~::: . ~~-r-~~~~~~~~-:::: . ~~~~ ..... ~. ~~. 1 10 C.&G.S. _j 
1 00 Estimated. 

WISCONSIN. 

Observations in Wisconsin are derived in the main from surveys of 
the General Land Office, and in smaller part from the work of the 
United States Lakl3 Survey, which data are confined to the northern 
border of the State, returns from county surveyors, and a few observa­
tions from other sources. 

The I.~and Office work was done between the years 1830 and 1845, 
and the results are given, as in other cases, in the form of means of 
numerous stations within the county. 

These observations have been reduced to 1900 by means of correc­
tions obtained from series of observations of different dates taken 
within the State. These corrections are given in the following table: 

EYM< -_ Reduction. Year. '"""""~ I ---
0 I 0 I 

1 1890 ................ 0 40 1860.... ...•.. ...... 2 3o I 

I 
1880 ........... ..... 1 20 1850 .......... -····· 2 40 

I 
1870 ................ 1 55 1840 ... - ............ 3 05 

The declination is east, and the above corrections are to be subtracted. 

.. 
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i=mty. I 

-~b~ Year Observed Declina-
Town, city, etc. of ob· declina- tionin serva-

tion. tion. 1900. 

I 

0 I c I 

Adams ......... ...... -...................... -.. ------ --------- 4 30 Estimated. 

Ashland ...•.•.. .. .. .. .. .. .. .. .. --- ..... ---- ------ .................. 5 55 Mean of 7 stations, 
by Lake Survey. 

Barron ......... .. -- ............ --· ....... -.... ......... -.......... -- .. 6 30 Estimated. 

Bayfield ........ .. .. .. -- ............... -.. -... . .. . -.... .................. 6 00 Do. 
Brown ......... .. -.. -.......... -.... -.......... 1839 6 27 3 20 Mean of 26 stations. 

Port Howard .... 1884 4 26 3 25 C.&G.S. 

Buffalo ......... --------·-·· ------ ------ --------- 6 30 Estimated. 

Burnett ........ .. - ........ -- .. --- . -.. -.... .......... --------- 8 00 Do. 

Calumet ...... -I- ••••••••••••••••• 1837 6 35 3 10 Mean of 11 stations. 

I 
New Holstein .... 1895 4 40 4 20 County surveyor. 

Chippewa ...... --- ...... ---- .... -........ - 1895 5 47 5 30 Do. 

Clark .......... Neillsville ...•... 1891 5 28 4 50 Do. 

Columbia ...... .... -...... -......... -...... -. 1836 7 40 4 15 Mean of 9 stations. 

Portage ..•••.... 1895 4 45 4 25 County surveyor. 

Crawford ...... .......... -. -................... 1842 8 03 5 00 Mean of 10 stations. 

Dane ........... ................................ 1833 9 00 5 15 Mean of 5 stations. 

Blue Mound ..... 1840 8 38 5 35 Locke's Report 
Min. Land. 

on 

Madison . , ...... 1888 5 54 5 05 C.&G.S. 

Dodge ......... ................................ 1835 7 10 3 50 Mean of21 stations. 

~::~~~~~:::::::I· ~:;~~;i~~-:::: :::: 1836 6 20 3 00 Mean of 48 stations. 

1880 9 45 8 25 C. &G. S. 

Dunn . . . • . . . . . . . ..............••. ------ .. ................ 7 00 Estimated. 

Eau Claire ..... Eau Claire ...•.. 1894 6 25 6 00 County surveyor. 

Florence ....... Florence ........ 1896 4 21 4 00 Do. 

FondduLac ...• ............................... 1835 6 53 3 35 Meanof20 stations. 

Forest ......... ----··-----------· ------ --------- 4 00 Estimated. 

Grant .......... -----·-----------· 1837 8 53 5 40 Mean of 24 stations. 

Green ...•.....• -----·-----···---· 1834 8 27 5 05 Mean of 9 stations. 

Mount Pleasant . 1894 4 45 4 25 County surveyor. 

Monroe --------- 1859 8 2! 5 55 C. &G.S. 

Green Lake .... ------------------ 1834 7 50 4 30 MeanoflOstati'ons. 

Iowa ...•••..... ............................. 1836 8 25 5 05 Mean of 27 stations. 

Mineral Point ... 1840 8 40 5 35 C. &G. S. 

Iron .................. . .. -- .......... -- ... -- .... ------ --------· --------- Estimated. 

Jackson ........ ----- ... ---- .... ----. .. ---- .. .. ........... 6 00 Do. 

Jefferson ....... -----------------· 1836 6 50 3 30 Meanof16stations. 

Oakland .............. 1885 5 20 4 20 County surveyor. 

Juneau ......... Mauston ......... 1895 5 00 4 40 Do. 

I Kono•ha ....... 

New Lisbon ..... 1884 4 55 3 55 C.&G.S. ~ 
.. ---- .................. --. 1836 6 02 2 40 Mean of 5 stations. 
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[:mty. 

Year Observed Dec lin a· Remark~ Town, city, etc. ofob· dec !ina- tion in serva-
tion. tion. 1900. 

- --

I 
0./ 0 I 

Kenosha ....... Kenosha ....•... 1872 5 00 3 15 c. &G. S. 

Kewaunee ....•• ........ -.. ----- .. --- 1840 6 10 3 05 Mean of 3 stations. 

Kewaunee ....... ------ .... - ........ 3 15 Mean of 2 results. 

La Crosse ..••.. La Crosse ....... 1877 8 38 7 00 C. &G. S. 

Lafayette ...... ·----------------- 1833 8 42 5 15 Mean of l7stations. 

Lang lade ------ . . . -- .. ---- ... --- -~------ --------- 4 30 Mean of 2 stations • 

Lincoln ........ ·················l····· --------- 4 30 Estimated. 

Manitowoc ..... ······ ...... ······ 1835 6 30 3 10 Mean of 10 stations. 

Manitowoc . . . • • . 1870 5 02 3 10 U.S. Lake Survey. 

Marathon ...... ---- ...... ----------- 1840 744 4 40 Mean of 8 stations. 

Marinette ...... --------------·-·- 1837 6 46 3 30 I Mean of 18 stations. 

I Marquette ...... 

Peshtigo ..•...•. 1865 4 20 2 10 U. S. Lake Survey. 

-----------· -----· ------ --"'----- .. 4 15 Estimated. 

Milwaukee ..... Milwaukee ...... ·1888 4 22 3 35 C.&G.S. 

Monroe -------- ------------------ 1895 6 32 6 15 County surveyor. 

Oconto ......... -----------· ------ 1840 6 26 3 20 Mean of 8 stations. 

Oconto .......... 1865 5 21 3 10 U.S. Lake Survey. 

Oneida ......... . ------ .. --- .. ------ 1895 3 45 3 25 County surveyor. 

Outagamie ..... ------------------ 1839 6 13 3 00 Mean of 21 stations. 
Appleton ........ 1895 3 35 3 15 County surveyor. 

Ozaukee ...•••. ·----------------· 1835 7 00 3 40 1 station. 

fepin .......... Arkansas ........ 1895 6 00 5 40 County surveyor. 

Pierce ..•••.•..• Bay City ........ 1869 8 10 6 10 U.S. Lake Survey. 

Polk ...•••.•... -.. -- .... ------ -- .. --- .......... --------- 7 30 Estimated. 

Portage ........ ------------------ 1840 8 06 5 00 Mean of 7 stations. 

Price: ..•••..... -----------·------ 1886 5 26 4 25 1 station, by county 
surveyor. 

Racine ......•.. .. ---- .. ------ ------ 1836 6 10 2 50 Mean of 5 stations. 
Racine .......... 1872 4 30 2 45 C.&G.S. 

Richland ....... ·----------· ·----- 1840 8 36 5 30 Mean of 11 stations. 
Rock .......•.•. ----- .. -.-- .. ----- 1834 8 02 4 40 Mean of 21 stations. 

Janesville ....... 1892 4 57 4 20 County surveyor. 

St. Croix ....... -----------··----- -----· .............. 7 30 Estimated. 

Sank .... · ....... . ---------- .. ----- 1839 8 00 4 55 Mean of 7 stations. 
Baraboo ......... 1893 4 39 4 00 Count"y surveyor. 

Sawyer -------- -----------· ------ 1895 6 00 5 40 Do. 
Shawano ....... ' .................. 1841 5 55 2 55 Mean of 3 stations. 

Sheboygan ..... ------------ ·----- 1835 7 02 3 40 Mean of 16 stations. 

Sheboygan City. 1894 3 20 3 00 County surveyor. 

t~loL --- - ----- ------ --------- 5 00 Estimated. 
mpealeau ..................... 1896 6 30 6 15 County surveyor. 
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I 
I 

Year Observed 
County. Town, city, etc. of ob· dcclina-serva· 

tion. tion. 

I --

0 ' 
Vernon ......... ------------------ 1894 6 09 

Vilas ........... ------------------ ------ ---------
Walworth .•.... ·················-! 1835 6 34 

Washburn ...... 
I 

------------------ ....... ---------
Washington .... -------------- --·· 1836 7 28 

Waukesha ..... 1836 5 23 

I w ••• .,. r :: : 1844 I 6 15 

Waushara ........................ 1835 6 50 

Winnebago ....................... 1836 6 40 

Winneconne ..... 1 1874 7 28 
I I Wuud.. .. ···--·j···----------·---·j1840 · 8 13 

WYOMING. 

Declina-
tion in 

1900. 

0 

5 50 

3 30 

3 15 

7 00 

4 05 
I 

2 05 

3 20 

3 30 

3 20 

5 50 

Remark s. -1 
County Sur veyor. 

Estimated. 

Mean of 16s tations. 

Estimated. 

Meanof3st· ations. 

ations. 

ations. 

Mean of 2 st 

Mean of 3st 

1 station. 

Mean of 17s tations. 

eyor. County surv 
~ o 10 Mean of 4 stations. 

Observations consist almost exclusively of result-s from the surveys 
of standard lines and exteriors of the General I,and Office, together 
with a few from the Coast and Geodetic Survey and the Wheeler Sur­
vey. The Land Office surveys in this State, being of recent date, are of 
excellent quality. Most of them have been executed subsequent to 1880. 

The line of no secular variation crossed Wyoming between the years 
1860 and 1870, and the observations have been corrected accordingly 
by the use of the following table: 

Year. I 
1~----
1 

1890 ......................... ··•··· ....... . 

l880 .........•••........................... 

Reduction. 

Eastern Western 
part. part. 

I 0 0 ' 
0 40 0 30 

I 1 10 0 50 

1 25 

1 40 0 ~ :: ::: : : ::: :::::::: 
----~---~~ ~ 

The column applying to the eastern part of the State was derived 
from series observed in Colorado, since data for the determination of 
secular variation are practically wanting in Wyoming. The last column 
was derived from the first, on the assumption that the zero of secular 
variation passed through that part of the State about 1870. 

The declination is east, and the above corrections are to be subtracted. 
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Yea,r Observed Declina· 
-~ 

nty. Town, city, etc. ofob- declina- tion in Remarks. I serva-
tion. tion. 1900. 

--

0 I 0 I 

Albany -------- Northern .... ---- 1878 15 50 14, 40 Mean of12 stations. 
Southern .... ____ . 1880 15 35 14 30 Mean of 6 stations. 

I 
Laramie-------- 1895 14 24 14 10 I County surveyor. 

Sherman---- .... 1872 15 53 13 35 C. & G. S. 

Rock Creek _ .•.. 1878 15 45 1<1 35 Do. 

Fort Sanders ... - 1873 15 30 14 10 Wheeler. 

Bighor n ....•... Northeastern_ .. _ 1883 ·19 13 18 30 Mean of28stations. 

Southeastern.--. 1884 18 50 18 00 Mean of 44 stations. 
Northwestern __ . 1882 20 07 19 20 Mean ofll stations. 

Southwestern -- _ 1883 19 56 19 15 Mean of 8 stations. 
Carbon ............... N orthcastern ___ . 1881 16 27 15 40 Mean of11 stations. 

Southeastern_ ... 1884 16 02 15 20 Mean of14stations. 

Northwestern --. 1881 16 30 15 45 ~fean of16 stations. 

Southwestern .. - 1881 15 48 15 00 Do .. 

Fort Steele ...... 1878 16 10 15 15 C. &G. S. 

Conver se .... · ... N orthcastern. _- _ 1881 15 04 14 00 Meanof24stations. 

Southeastern._ .. 1879 15 40 14 40 Meanof17stations. 

Northwestern ... 1881 15 55 14 50 Mean of 28 stations. 

Southwestern ... 1882 15 43 14 40 Mean of19 stations. 

Crook ---------- Eastern _ .. __ .... 1882 16 10 15 10 Mean of26 stations. 

Western---- .... 1882 16 55 16 00 Mean of Mstations. 

Sundance_ .. _ ... J889 15 45 15 00 County surveyor. 

Fremon t- ...... Northeastern _ ... 1890 16 50 16 20 Mean of35 stations. 

Southeastern_ .. - 1882 16 43 16 00 Mean of17 stations. 
Northwestern ___ 1892 17 52 17 30 Mean of22 stations. 

Southwestern ... 1891 17 07 16 40 Mean of 18 stations. 

Johnso n .. _____ Northeastern .... 1882 16 10 15 25 ~lean of 19 stations. 

Southeastern ... _ 1881 16 34 15 50 Do. 

Northwe~tern. -- 1880 15 50 15 00 Mean of 13 stations. 

Southwestern _ .. 1881 17 18 16 25 Mean of 16 stations. 

Fort McKinney __ 1877 17 00 16 00 U. S. Eng'r Corps. 

Laram ie ------- Northeastern _ ... 1878 15 30 14 20 Mean of 18 stations. 

Southeastern .. _. 1.382 15 06 14 00 Me:tn of 3 stations. 
Northwestern ___ 1878 15 28 14 20 Mean of 13 stations. 

Southwestern _ .. 1878 15 20 14 10 Mean of 2 stations. 

Cheyenne .. _. _ .. 1878 15 20 14 10 C. &G. S. 

Ch ngsprings _ ... 1877 15 26 14 10 U. S. Eng'r Corps. I 
Fort Laramie ___ . 1877 15 25 14 10 Do. 

a ........ Northeastern .... 1881 16 38 15 40 Mean of 23 stations. Natron 
Southeastern . ___ 1882 16 30 15 30 Mean of 13 stations. 
Northwestern ___ 1883 18. 12 17 20 Mean of 17 stations. 

--------L 
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Year Observed 
County. Town, city, etc. ofob- declina-serva-

tion .. tion. 

----

0 I 

Natrona ........ Southwestern ... 1883 16 46 

Sheridan ....... Eastern ......... 1882 16 50 

Western ........ 1870 17 00 

Sweetwater .... Northeastern .•.. 18821 16 28 

Southeastern .... 1881 15 48 

North western ... 1885 16 45 

Southwestern ... 1880 15 45 

Green R.iver ..... 1878 16 45 

Point of Rocks .. 1878 16 18 

Creston ......... 1878 16 04 

Uinta .......... Northern ........ 1882 17 40 

Middle .......... 1887 17 36 

Southern ........ 1880 17 00 
Carter ... ___ .... 1878 17 06 

Fort Bridger .... 1858 16 38 

Evanston ....... 1892 16 35 

West on ........ Eastern ......... 1881 15 05 

Western ........ 1881 15 55 

Yellowstone ··---------------- 1874 18 58 
National Park. 

··-

Dec!ina-
tion in 

1900. 

0 I 

16 00 

. 16 00 

15 _50 

15 40 

15 00 

16 00 

15 00 

15 50 

15 25 

15 10 

17 00 

17 00 

16 10 

16 10 

16 00 

16 00 

14 00 

14 55 

18 00 

Remar ks. 

Mean of18 

Mean of25 

Mean of 2 

Meanof30 

Mean of 9 

Mean of14 

Do. 

C. &G. S. 

Do. 

Do. 

Mean of 17 

Mean of41 

Mean of 14 

C.&G. S. 

Simpson. 

stations. 

stations . 

stations. 

stations. 

stations. 

stations. 

stations. 

stations. 

stations. 

County su rveyor. 

stations. Mean of23 

Mean of34 

Mean of 7 stations, 
by Hayd 

'""""' I 
en. 
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A GEOLOGICAL RECONNAISSANCE IN NORTHWESTERN 
OREGON. 

BY J. S. DILLER. 

IN'J'HODUCTION. 

Coal has long been mined at one place in northwestern Oregon, and 
has been reported from many others. Gold and other minerals have 
been found in the same region, and ou account of their bearing upon 
the economic interests of the State, the Director of the Geological 
Survey instructed the writer to make a general reconnaissance of that 
portion of the country with special reference to its mineral resources. 
The results will be considered under two general heads: Part I, 
Historical and Structural Geology; Part II, Economic Gei:>lo~y. 

PART I. 

HISTORICAL AND STRUCTURAL GEOLOGY. 

ROUTE OF TRAVEL. 

A camping party, consisting, besides the writer, of an assistant, a 
packer, and a cook, outfitted a pack train at Forest Grove, west of 
Portland, in Washington County, and crossed over the divide to the 
coal fields of the Upper Nehalem, east of Vernonia, in Columbia 
County. The route, which is indicated upon the map, .Pl. I, continued 
down the river to beyond Mishawaka and crossed the military trail by 
way of Saddle Mountain to Astoria. The coast roads and trails were 
followed south to the Lower Nehalem coal field and Tillamook, where 
the party divided to return to Forest Grove by different routes, F. M. 
Anderson crossing the range by the Trask River stage road, and the 
writer, with the main party, returning by way of \Vilsou River. 

Starting from Forest Grove a second time, the party moved by 
wagon, camping by the way, to Corvallis, and crossed the Coast Range 
to the Yaquina coal field and the coast, returning to Corvallis by 
the Elk Creek road. The route continued southward to Harrisburg, 
where the party was in part disbanded and gave up camping to live 
with the people. Work was continued in the vicinity of Roseburg 
and westward along the several roads to the coal fields of Coos Bay. 

44.7 
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TOPOGRAPHY OF WESTERN OREGON. 

Along the coast of Oregon and California, from the Columbia to 
near the boundary of Mexico, there is a prominent range of mountains 
known generally as the Coast R~nge. The essential continuity of this 
range, as well as its dist,inctive parts, was long siuce pointed out by 
Professors Dana 1 and Newberry.2 In middle California and northern 
Oregon, where the range is bounded on the east by a great valley, It 
is distmct, and these portions are readily distinguished, respectively, 
as the Coast Range of California and the Coast Range of Oregon. 
But between them, in northwestern California and southwestern 
Oregon, there is a large complex group of mountains, in which the 
Cascade, Sierra Nevada, and the Coast Range appear to meet. This 
irregular group contains many individual ridges and peaks, as, for 
example, Yallo Bally, Bully Choop, Salmon, South Fork, Trinity, 
Eddy, Scott, and Marble Mountain in California, as well as Siskiyou, 
Rogue River, Umpqua, and other mountains in Oregon. Upon geo­
logical grounds it appears that this group of mountains belongs to the 
Coast Range rather than to the Sierra Nevada or Cascade Range, and 
needs a special name to distinguish it from the Coast Range of Oregon 
on the north and the Coast Rauge of California on the south. For this 
reason this group has been desiguated the Klamath Mountains, after 
the principal river which cuts through these mountains to the sea. 

The Klamath Mountains of Oregon extend northward from the 
southern boundary to about the Middle Fork of the Coquille. Beyond 
that point the Coast Range of Oregon stretches away to the Columbia. 

The reconnaissance outlined in these pages extended throughout the 
Coast Range of Oregon all< I touched at a few points upon the northern 
border of the Klamath Mountains and the wes~ern foot of the Cascade 
Range. In the accompanying map, PI. IV, the route is illustrated. 

FEATURES OF THE COAST RANGE OF OREGON. 

The Coast Range of Oregon is an irregular ridge or series of ridges 
with bold lateral spurs, especially on the ocean side. It varies much 
from place to place, yet nowhere does it attain a great altitude. The 
elevations of its summits have not yet been accurately determined any­
where, and only in a few places has the height of peaks been even 
approximately measured. Saddle Mountain, which is a rugged sum­
mit seen to the southeast from the Astoria, has a bold peak outlined 
against the sky, and attains an altitude (aneroid) of over 3,325 feet. 
Of this view Professor Dana 1 remarks that "there was one broken 
summit to the southeast, calculated to engage the attention ; it is 
called by the Indians Swalalahos, and has also been named Saddle Hill." 

'Wilke• Exploring Expedition, Vol. X, p. 615. 
2 l'aciflc Railroad Survey, Vol. VI, Pt. II, p. 29. 
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MAP OF NORTHWESTERN OREGON, SHOWING ROUTE. 

The route of travel is indicated by a broken line. The dark-lined inc~osed areas represent coal fields. The numbered dots indicate 
localities where fossils were found i 1 == Pleistocene, 2 == Pl1ocene, 3 = Miocene, 4 == Oligocene, 5 = Eocene. 
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Onion Peak, farther westward, is of nearly equal height. Both are 
old volcanoes and belong to the volcanic ridge which runs transverse 
to the genernl trend of the Coast Range. As shown in Pl. y, it begins 
at the west., in the Ne ah kah nie Mountains, just north of the mouth 
of the Nehalem, aml stretches northea~t through Union Peak, Saddle 
Mountain, and other summits, to the Columbia, near Westport. The 
bold escarpment of the north bank of the Columbia at this point 
belongs to the same line of elevations extending into Washington. 

A noteworthy feature of this ridge, especially about Saddle Moun­
tain, and to a less extent also through portions of the Coast Hauge, is 
the occasional occurrence of comparatively even table-lands, above 
which the peaks and upper mountain slopes rise rather abruptly. 

At the head of the Nehalem is Round Top, and farther south, on the 
Trask, is Larch Mountain, which was reported to 1\fr. Anderson as 
being 3,500 feet high. Euchre Peak, near the head of the Siletz, 
according to Mr. C. B. Crosno, of Toledo, is probably the highest peak 
of the range, and at.tains an altitude of 3,962 feet. Marys Peak, 
south of the Yaquina, is prominent, as seen from the eastward near 
Corvallis, and in elevation may be nearly equal to or even greater 
than any of those already mentioned. Farther southward the Coast 
Range touches the Oalapooia Mountains, a spur of the Cascade Range, 
and on the Coquille passes into the Klamath group. The general ele­
vation of the mass and its tabular feature increase southward, but 
individual peaks are less prominent. Throughout its whole length the 
slopes of. the Coast Range in Oregon are of unequal length. The 
watershed lies nearest the eastern side of the range. The spurs run­
ning out from the summit of the range to the sea are long and of 
gentler descent than the shorter spurs, which extend toward the 
vVillamette Valley. 

At two points in its course, between the Columbia and the Coquille, 
the Coast Range is transsected by rivers-the Nehalem near the north­
ern end and the Umpqua. in the southern third. 

The Nehalem rises upon the eastern slope of the Coast Range, and 
by a fine curve of over 50 miles to the northward it returns against 
the range and in a southwesterly direction cuts through it, near the 
Saddle Mountain ridge, to the sea. The stream is small, and the 
canyon it has cut across the range is deep and long. 

The Umpqua is a larger stream, deriving much of its water from the 
Cascade Hauge. It flows northwesterly to near the Calapooia Moun­
tain, where it turns abruptly westward and cuts through the Coast 
Range to the ocean. 

At two otller points there are low gaps across the range. One is at 
. the bead of the Yaquina ltiver, where the Oregon Centraf and Eastern 
Hailroad crosses the summit at an elevation 720 feet above low tide in 
Yaquina Bay; and the other is on the Suislaw, which practically cuts 
entirely through the Coast Range, but reaching the point where that 

17 GEOL, PT I--29 
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range touclles the Calapooia Mountain, it fails to meet a low valley. Tlle 
eastern base of the range at Summit, on the Oregon and California 
Railroad, between Cottage Grove and Drain, has an elevation of 779 feet. 

FEATURES OF THE OREGON COAST. 

The coast of Oregon is made up of long stretches of sand beach, 
interrupted here and there by prominent lleadlands of hard, igneous 
rocks, which stand out boldly to sea as if to defy the waves and impede 
coastwise traffic. 

The beaches are remarkable for their solidity and beauty, as well as 
their strong, cool, summer winds which afford complete relief from the 
beat of tlle interior valleys. Clatsop Beach, along tile northwest sllore 
of the county of the same name, and Nye Beach, near Yaquiua Bay, 
are the most frequented, and are justly celebrated on account of the 
attractive camps which their clustered pines afford. 

Clatsop Beach is especially remarkable on account of its sand ridges, 
wllich extend with striking uniformity for ne~trly a dozen miles along 
the coast, and carry the Necoxey Hiver for almost the whole distance 
to the beach. Nearly midway between Astoria and Seaside the profile 
of these ridges appears as in fig. 4, 

The road runs along the crest of the ridge and afi"ords a fine view. 
There are usually three ridges, nearly parallel and remarkably even 
and regular. They are composed, at least in large part, of sand, and 

3 

FIG. 4.-Section across dune ridges of Clatsop Beach. 

are covered by a 
dense growth of 
grass and ferns. 
The western 

slopes are gentle, but to the landward the incline is 40 degrees. The 
first ridge is one-third of a mile from tlw beach, above which it rises 
about 30 feet; the other two are not quite so high nor so regular. They 
appear to be simply dune sand ridges, and owe their regularity in large 
measure,. no doubt, to the regularity of the winds and the sand supply. 
Similar small ridges were seen also at other places, but they were less 
regular and extensive. Several miles north of the mouth of Tillamook 
Bay such ridges inclosed lakes of considerable size close to the beach, 
and the only outlet was by filtration through the barrier. 

The picturesque features of the coast are found not so much in its 
beaches as in its headlands. Of these, Tillamook Bead, ·False Tille­
mook, and Meares Point are good examples. All are composed of 
igneous rocks, with cliffs against the surf, which break the coutinuity 
of the beach in each case for several miles. Tile northeru end of 
Meares Point is shown in Pl. VI. A sheet of columnar basalt occurs 
near high-tide level, and enables the waves to cut out caverns of con· 
sid.erable dimensions. These in time enlarge and join, forming arches 
which when broken leave pillars and ledges, such as are seen on the 
right in the illustration, to mark the line of an earlier cliff. 
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The only headland of sedimentary rock seen on the coast by the 
writer is Otter Rock, which is composed of thin·bedded, yellowish M:io· 
cene sandstone. It is firmer than its neighbor, and sternly r~sists the 
dash of the waves, but is gradually giving way under their unceasing 
attack. One of its principal ledges, 40 feet above the water, is iu 
places full of holes, made by the rock oyster at a time whim the land 
stood 40 feet lower than now. Potholes are common ou the surface, 
and from the north side a cave e11ters the rock, its roof having tumbled 
in and formed a great pit, known as the Caldron. It is 40 feet deep 
and of equal diameter. The debris at its bottom is swept away by 
the waves, and at low tide it can be entered from the beach. 

HISTORICAL NOTES. 

The earliest definite information con(;erning the geology of that 
portion of the country indicated as belonging to the Coast Bange 
of Oregon is contained in the report of Prof. James D. Dana/ who 
accompanied the Wilkes exploring expedition. He collected a number 
of Miocene fossils from the shales and sandstones upon the banks of 
the Columbia River, near its mouth, aud ascended the volcanic peak 
of Saddle Mountain. On the land tour from the Columbia River to 
San Francisco, Cal., between t,he head of the Willamette Valley and 
the broad plain of the Sacramento, he passed in some places along the 
eastern border of the Klamath Mountains, and at others the route lay 
within the eastern portion of that group. 2 He fully recognized the 
fact that they ate composed chiefly of ancient granitic, hornblendic, 
and talcose rocks, besides some later sedimentary and igneous rocks. 

Prof. J. S. Newberry 3 in 1855, as geologist to Lieut. R. S. Williamson's 
party of the Pacific Railroad Survey.s, passed through the Willamette 
Valley and across the Siskiyou and other portions of the Klamath 
Mountains, following much the same rout,e as that of Professor Dana 
a few years before. He writes as follows (p. 29): 

The continuity of the present Coast Mountains of California aud Oregon can 
scarcely be uoubted. The fossiliferons sanustoues of Monterey, Santa Clara, San 
l<'rancisco, Port Orforu, Coos Bay, Astoria, and the Cowlitz are all of the same age. 
Tho_ugh presenting marked local peculiarities, they lJave a common character, J>oth 
in their lithological features anti in their fossils, anu are to be referred to a common 
period-certainly not older than the Miocene. 

Aro far north of San Francisco as Cape Mendocino the Coast Mountains have the 
same general northwest trend, and a more plausible supposition than that the Cas­
cade formed the continuation of the Coast Mountains would be that the latter ranges 
terminate at Cape Menuocino and that the Coast Ranges of Oregon were a continua­
tion or' the Sierra Nevaua. It is not necessary to suppose this, however, but it is 

I United States Exploring Expedition, 1838-1842, under command of Ch!'lrles "Wilkes, Vol. X; Chap. 
XVII, pp. 611-f.78. · 

'The mountains between the south fork of the Umpqua anti the Sacramento Valley, according tc 
Professor Dana, were the Umpqua Mountains anti tho Shasty Mountains. That portion of th6 
Shasty Mountains near the boundary of Oregon and California Professor Dana called the Boundary 
Range. It iM now generally known as the Siskiyou Mountain. 

• Pacific Railroad Surveys, Vol. VI, Pt. II. 
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sufficient to consider tho Coast Mountains of Oregon as the.Coas~ Mountains of Cali­
fornia deflected fl'Om the trend which they preserve below Cape Mendocino, and that 
the ranges of the coast and of the interior inosculate on either side of the parallel42° 
in Calapooya, Umpqua, aud Siskiyou Mountains. 

The most important contribution of Professor Newberry to the geol· 
ogy of the Coast Range of Oregon is the announcement of the Miocene 
at Coos Bay, where it is said to contain valuable deposits of coal. 

Prof. Henry D. Rqgers,l upon a general geological map of the United 
States, in 1855 represented the Coast Hauge of Oregon, including the 
Klamath Mountains, as being made up chiefly of Miocene strata, inclos­
ing 13 small isolated areas of volcanic rocks, distributed along the cen­
tral portion from Saddle Mountain to the Umpqua. 

In the same year (1855) Jules Marcou 2 published a map of the United 
States, upon which the Coast Rauge of Oregon, from the Columbia to 
the Klamath River, is represented as composed of Tertiary rocks, ex­
cepting about Coos Bay, where, on account of the coal, the Carbon­
iferous is supposed to occur. Eruptive and metamorphic rocks are 
indicated from the upper portion of the Willamette Valley and the 
mountains on the coast near the Oregon and California line. 

W. P. Blake 3 and Prof. J. S. Newberry, the next year, called atten­
tion to the fact that all the evidence thus far obtained indicated that 
the Coos Bay coal was of Tertiary and not of Carboniferous age. 

In 1857 Prof. James Hall 4 and J. P. Lesley issued a geological 
map representing the Coast Range, from the Columbia River into Cali­
fornia, as made up chiefly of a continuous mass of laya and igneous 
rocks, with Quaternary borders along the principal rivers of the coast. 
The Cascade Range is supposed to have a core of metamorphic rocks 
connecting it with the Sierra Nevada. 

Prof. C. H. Hitchcock and W.· P. Blake published three geological 
maps 5 of the United States; upon all of them the Coast Hauge of 
Oregon is represented as a continuation of the Sierra Nevada of Cali­
fornia, and composed essentially of the same Eozoic and metamorphic 
rock. Upon the first two of these are areas of Cretaceous marked 
upon the Rogue and Illinois rivers, but these are omitted fi·om the last 
edition. 

About this time (1874) Professor Condon was appointed State geolo­
gist of Oregon and began a more eontinuous study of the geology of 
the Coast Hange. In June, 1880, through Prof. E. D. Cope, the follow-

• Geological Map of the United States, Keith Johnson's Physical Atlas, p. 8. 
• Carte geulogiqne des :etats-Unis et des provin~es anglaises de !'Amerique du Nord, Ann ales des 

mines, 5th ser., Vol. VII, p. 321, Pl. IX. 
• American Journal of Science, November, 1856, Vol. XXII, 2d ser., p. 3. Blake also refers to 

Newberry aR follows: Pro~eetlings of the American Association for tho Advancement of Science, 
Albany, 1856. 

•Map illustrating the general geological features of the country west of the Mississippi, accompa­
nying Report on the United States and Mexican Boundary Survey, by W. H. Emory. 

• Geological map of the Unitetl States compiled for the Ninth Census, 1872. Geological map of the 
Unite<! States accompanying the report of R. W. Raymond, United States Commissioner of Mining 
Statistics, 1873. Geological map of the United States, in Walker's Statistical Atlas, 1874, Pis. XIII 
and XIV. 
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ing note, entitled "Corrections of the geological maps of Oregon," 
was published: 1 

In the existing geological maps of Oregon the Coast Range is represented as com­
posed of Archean rocks. This i~ a serious error. Professor Newberry has already 
stated (U. S. Pacific R. R. Surveys, Vol. VI, Pt. II, p. 29) that the fossils of the 
range are of au age not older than the Miocene. The unpublished notes of Profes­
sor Con<lon, formerly State geologist, state that the backbone of the Coast Range 
consists of argillaceous shales, which contain invertebrate and vertebrate .fossils, 
frequently in concretions. Some of the latter are Physoclystous fishes, with strongly 
ctenoid scales. To this formation Dr. Condon gives the name of Astoria shales. 
Above this is an extensive Tertiary deposit, rich in Mollusca, which is usually inter­
rupted by the central elevations of the mountain axis. Professor Condon refers this 
to an upper Miocene age, under the name of the Solen beds. On the flanks of the 
mountains this is overlain by a Pliocene formation, containing some of the fossils of 
the Equus beds of central Oregon. This is both underlain and overlain by basalt 
and other volcanic products. 

C. H. Hitchcock 2 published his large wall map of the United States 
in 1881. The geology of the Coast Range of Oregon was furnished by 
Professor Condon, who represented the distribution of the various 
formations in much greater detail than had been done previously. The 
mass of the range, according to the map, was supposed to be formed 
of Cretaceous sediments with large isolated tracts of volcanic rocks, 
stretching from the crest of the range toward the sea. Middle Ter­
tiary strata are shown upon the flanks of the range, and perhaps also 
some older Tertiary. The two colors used to designate them can not 
certainly be distinguished upon the map examined by the writer. 

In 1886, C. H. Hitchcock compiled for the American Institute of 
Mining Engineers a geological map of the United States, which, so far 
as the Coast H.ange of Oregon is concerned, follows the large map 
of 1881, and represents the backbone of that portion of the Coast 
Range as Cretaceous, with fringes of l\fiocene upon its flanks. 

Dr. C. A. White announced the discovery by Professor Condon of 
strata containing characteristic Eocene fossils at Albany 3 in the Wil: 
lamette Valley, and at Cape Arago, 4 and discussed the possible occur· 
renee of Eocene strata near Astoria. In his correlation paper on the 
Cretaceous 5 is given a map showing the backbone of the Coast Range 
from the Columbia to near the latitude of Coos Bayto be of Cretaceous 
rocks, and in this respect the map agrees with the last edition of 
Hitchcock's map. 

Dr. W. B. Dall 6 and G. D. Harris published a summary of the state 

1 Am. Naturalist, Jnnc 1880, Vol. Xl \7 , p. 457. 
2 In the pamphlet, by the same author, to accompany the map, it is stated, on Jmge 28: "For this 

region (Oregon) wo had a manuscript map colored for us by Professor Condon, and it was our lot to 
collect some additional information personally on tho trip up the Columbia River and across the Blue 
:Mountains. I understand that tho didtinctiun between tl1e volcanic and tho crystalline is not main-" 
tainetl 1n the Coast Range, and that some of the Cretaceous rocks in the .southwest corner may be 
crystalline.'' 

•Bull. U.S. Geol. Survey No.l8, 1885, pp. 7-9. 
• BuH. U.S. Geol. Survey No. 51,1889, pp. 29-32. 
6 Bull. U. S. Geol. Survey No. 82, 1891, p. 286. 
6 Bull. U.S. Geol. Survey No. 84. 
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of knowledge concerning the Neocene of the United States in 1891. 
The map showing the distribution of the Neoceue formations, based 
largely upon information from Professor Condon, represents the Coast 
Range of Oregon as having a fringe of marine. Neocene upon both 
flanks from the Columbia to the Siuslaw. The central portion of the 
range to the northward, and the whole of the range south of the Sius­
iaw, excepting at Coos Bay and Cape Blanco, are left uncolored, mean­
ing thereby nothing more than the absence of the N eocene within the 
uncolored areas. They describe the Astoria group as consisting of 
Astoria shales and .Astoria sandstone, and mention the Aturia bed 
at Astoria as well as the Miocene near Eugene City, in the Willamette 
Valley. 

Dr. G. F. Beeker 1 and the writer, 2 in 1890, recognized the lower 
Cretaceous at Riddle, Oreg., and in later years the wider distribution 
of these beds 3 was recognized and discussed by the writer, who con­
sidered also the Eocene (T~jon) and described its a,real extent, as well 
as its unconformity to the Shasta-Chico series. 

The latest publication 4 by the writer touching upon the geology of 
that region contains a preliminary geological map of the Klamath 
Mountains, on which the general distribution of the Eocene southwest 
of Roseburg is represented. In a, cover pocket of the same volume 
is included a reconnaissance map of the United States, showing the 
distribution of the geologic system as far as known, by W. J. McGee, 
in 1893. The outlines of the Miocene in the Willamette Valley and on 
the coast and of the Eocene at Corvallis and along the Umpqua 
north of Roseburg were drawn uy the writer under the immediate 
direction of Professor Condon, who thus contributes the first definite 
knowledge concerning the general section of the Coast Range of 
Oregon .. · 

GEOLOGICAL FORMATIONS. 

PRE-CRETACEOUS. 

Tupper Rock, near Bandon, at the mouth of the Coquille, is made 
up of blue schistose rocks, which, in places, contain numerous small 
brick-red grains. 

The mass is composed chiefly of a blue mineral, which is strongly 
pleochroic, ranging from colorless through reddish violet to sky-blue, 
with the characteristic cleavage and low angle of extinction that 
belong to the blue hornblende, glaucophane. Besides the prismatic 
planes, the clinopinacoid is sometimes well developed. The glau­
cophane includes numerous small particles of a colorless mineral. 
Between the prismatic grains of glaucophane arc clear ones, appar­
ently of quartz~ which arc not readily detected on the broken surface 

'Bull. Geol. Soc. America, V ul. II, pp. 203-205. 
•Ibid., p. 207-208. , 
•Bull. Geol. Soc. America, Vol. IV, 1893, pp, 205-224; Bull. Geol. Soc. America, Vol. V, 189!, pp. 

435-464. 
4 Fourteenth Ann. Ropt. U. S. Geol. Survey, Pt. II, 1394, p. 414. 
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of the rock, even with a lens. Occasionally the mass includes garnets, 
reddish on the weathered surface, but sometimes greenish on a fresh 
fracture. This is due apparently to the fact that near the garnet the 
hornblende is generally green, although some of it included in the 
garnet has the pleochroism of glaucophane. A short distance from the 
Tupper Rock is another, which is composed of a greenish, indefinite 
rock, whose composition and relations ar!3 in doubt. Among the ledges 
upon the beach, most of which are sandstones ranging from a compact 
form like basalt to fine eonglomerate, there are outcrops of a greeuish 
rock, which, from the fact that it contains numerous lath-shaped feld­
spars with much chlorite, evidently derived by alteration from some 
other ferro-magnesian silicate, is clearly of igneous origin. The sand­
stones are much disturbed, but in at least one place they appeared to 
dip beneath the glaucophane schist. The exposures· here, upon the 
seaward side, are good, and it seems probable that by detailed study 
the origin of the glaucophane schist may be determined. The presence 
of both igneous and sedimentary rocks suggests that, as shown by F. 
Leslie Ransom, 1 for the glaucophane schist of Angel Island, it may be 
a product of contact metamorphism 

The age of the glaucophane schist and the associated sandstone near 
Bandon is not known, although it is supposed that they are older than 
the Cretaceous, from the fad that in the neighborhood of Roseburg 
glaucophane and other schistose with jaspery rocks appear to be uncon­
formably overlain by the Cretaceous. In the same region limestones 
occur which are oceasionally oolitic, and they contain traces of fossils. 
Mr. 'r. W. Stanton, to whom they were referred with a lot of Cretaceous 
fossils, reports that these have been examined by both Mr. Schuchert 
and himself without finding any definitely determinative fossils in them. 
He adds: "There are, however, some indications that they are Paleozoic 
rather than Mesozoic, in the presence of large cylindrical, crinoid col­
umns and of two very imperfect columns that have a Paleozoic aspect, 
though the genera are not determinable." 

Although these older stratified rocks form scarcely an appreciable 
portion of the Coast Range of Oregon-that is, the part north of the 
forty-third parallel-they rise in mass with many varieties and become 
a prominent feature of tbe Klamath Mountains. These older rocks 
have various forms of eruptives associated with them. Some of these 
are doubtless older than the Cretaceous, others may be younger, and 
the third class is certainly younger. Th!Ol occurrence of some of the 
ernptives of this doubtful middle period in several roeks of the range 
suggests that there may be an irregular ridge of older rocks concealed 
beneath the newer ones, which form the ma<;s of the range. At OI\e 
time, as mentioned in the" Historieal notes," it was supposed that these 
ancient rocks of the Sierra Nevada entering Oregon turn northerly 
along the coast and form the greater portion of the Coast Range. But 

•Bull. Univ. of California, Department of Geology, Vol. I, Geology of Angellsland, pp.193-240. 
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that opinion must be abandoned, as it is quite improbable that pre­
'cretaceous sedimentary rocks form any considerable portion of the 
Coast Range in Oregon north of the Coquille. So far as evidence is 
known, it indicates that they do not enter into the composition of this 
part of the range. 

CRE'l'ACEOUS. 

On a number of geological maps, as already indicated, the Coast 
Range of Oregon was marked as being composed chiefly of Cretaceous 
rocks. This is far from being the fact, for no certain Cretaceous rocks 
are known in the range, and yet it is probable that they do occur 
where it joins the Klamath Mountains. South of Roseburg a short 
distance, along Myrtle Creek, are Cretaceous conglomerate sandstones 
and shales, resting upon the older rocks, from which they were derived. 
T~at these sedimentary rocks belong to the Cretaceous is clearly 
indicated by the form of Aucella and other fossils which they contain. 
In the Coast Range, at several points along the new stage road 
between Myrtle Point and Remote, there are similar rocks, and it is 
probable that they belong to the Cretaceous, although no fossils have 
yet been found in them. They unconformably underlie the Eocene 
sandstones which form the mass of the Coast Range where it abuts 
against the Klamath Mountains, and are not seen as far north as the 
Middle Fork of the Coquille. 

EOCENE. 

One of the most important contributions to the areal geology of 
northwestern Oregon made by this reconnaissance is the recognition 
of a large tract of Eocene forming the mass of the Coast Range from 
near the Columbia to the Coquille. While it is possible that the 
Miocene strata may in places, especially toward the northern end, form 
a considerable portion of the range, they are of far less importance, 
so far as bulk and area of exposure are concerned, than the Eocene 
strata. 

The rocks of I~ocene age belong in part to each of the two groups, 
igneous and sedimentary rocks. Those of the first group, although 
much altered, are chiefly basalt and associated tuffaceous materials. 
To the second group belong the shales and sandstones. The rocks of 
these three geological divisions are not clearly distinct, being more or 
less interstratified, but in general the oldest Eocene strata are those 
composed of volcanic material, and they are closely associated with 
the lavas to which they belong. Next above them comes a great mass 
of shales, containing here and there much material of igneous origin, 
and in the upper part of the series massive beds of sandstone pre­
dominate. For convenience, these three groups will be considered 
separately. 

IGNEOUS SEDIMENTS. 

These are best exposed upon the Nehalem River, in Klatsop County, 
about 22- miles below the mouth of Humbug Creek. The slopes of the 
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canyon through which the river runs, from a few miles below Misha­
waka for about 20 miles toward its mouth, are formed largely of basic 
igneous rocks. 'rhey occasionally form rapids in the stream. 

Associated with these eruptives are tuffaceous sandstones, which 
occasionally contain conglomeratic portions with small, often angular, 
pebbles. The material appears as if originally ejected from a volcano 
rather than derived by erosion from the rocks with which it is associ­
ated, and would theretore be essentially cor1temporaneous with the 
volcanic eruptions. It contains a few fossils, among which Dr. Dall 
recognized Tayloriaua Gabb; Modiola rnultiradiai£t Gabb; llfodiolaria 
11. sp., besides Ostrea ( ?), Callista, and Dentalium, aud regards them as 
Eocene ( ?). 

Near Felix Roy's, on the Nehalem River, about 5 miles east of the 
Nehalem post-office, Mr. Anderson observed much conglomerate of 
eruptive material ,and a heavy bed of tuff, from which were collected, 
according to Dr. Dall, Ostrea, llfodiola ornata Gabb; Jl;[odiola cylindrica 
Gabb, SepNjer rZichotornus Gabb, and Turritella uvasana Cour., which 
he regards as Eocene. · 

Igneous rocks ·which closely resemble those seen on the Nehalem 
occur on the north bank of the Columbia opposite Astoria and near 
Ilwaco. At Meglers Lauding, in that region, the tuft' contains frag­
ments of Ostrea, Dentalium, and casts of a gasteropod, but nothing 
characteristic was found. These beds, however, appear to underlie 
unconformably the Aturia beds which occur farther eastward. 

From Tillamook there are two stage roads across the mountain to 
the Willamette Valley, one by way Of Wilson River and the other by 
the Trask. Both streams cut deep canyons down the western slope 
and expose a great mass of igneous rocks, which form the greater part 
of the range. They reach to the foot of the range, only 5 miles from 
Tillamook Bay. At the mouth of the Wilson River Canyon the rock is 
chiefly conglomerate, of waterworn volcanic material like that against 
which it rests. Farther up the canyon, near the month of Fall Creek 
and at several other points, shales and sandstones were noted among 
larger masses of volcanic rocks. About 22 miles from Tillamook, a 
short distance below Smith's, on the Wilson River toll road, and also 
near by on the river, the rocks arc found to be fossiliferous, containing 
Turr'itella twasana, as well as Ostrea, Pecten, N ncula, and Hippouyx, 
and other forms not definitely determinable. There appears to be no 
doubt as to their Eocene age. 

Proceeding southward, the next locality of volcanic sediments noted 
was at Vineyard Hill, 4 miles north of Corvallis, where a more or less 
amygdaloidal ernptive like that of the Nehalem occurs, and in the 
sediments associated with it are found a few f(,ssils, discovered by the 
enthusiastic local geologist lVIr. John Ray. Not euough fossils were 
gathered to fully establish the age of these beds, but in the shales 
immediately to the eastward, about Howes, characteristic fo~sils, as 
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Modiola ornata Gabb, with others, have been found by Mr. Ray, and 
there can be little, if any, doubt concerning the age of the volcanic sedi­
ments of Vineyard Hill. They extend westward, cropping out here 
and there, possibly as far as Blodgetts Valley, where Mr. Anderson col­
lected fragments of Aturia angustata, Ostrea, Pecten, Cardium, and 
Leda, which Dr. Dall referred without doubt to the Oligocene. They 
are confined to the eastern portion of the range, and in the section 
afforded by Marys River do not extend to the summit. Similar strata 
occur also at Monroe, 18 mil~s south of Corvallis, but they are not 
fossiliferous. 

The same general sort of basic igneous rocks occur about Roseburg­
and at several points on the western side of the Coast Range on the 
road to Coos Bay, but so far as yet known the only sediments of such 
material in the Coos Bay region occur on the east coast opposite North 
Bend. 'l'he tntiaceous sandstone dips 40° to the westward, and is 
overlain by shales and sandstones having a gentler dip but rich in 
Eocene fossils. 

The age of the eruptives associated with the Eocene beds composed 
of the same material is in many eases not definitely known. While 
some of them are essentially contemporaneous, it is possible that others 
may be older, but of this the evidence is not yet conclusive. 

SHALES. 

Arago bcds.-On the Washington shore of the Columbia near Ilwaco 
is a prominent hill of dark-gray shales capped by a bed of Pleistocene 
sand. The shales look somewhat like those of Astoria, but their strike 
is N. 390 E., dipping 350 to the northwest, and so far as their position 
indicates, there is no continuity with those of Astoria. The fossils 
determined by Dall in this locality are Calliston sp., Dentalium n. sp., 
and Modiola like tulipa Lam, which he with doubt referred to the 
Eocene. 

Some of tlie best exposures of the Eocene shales observed are upon 
Rock Creek from 6 to 10 miles above Vernonia, in Columbia County. 
At several points there are cliJJs of shale containing large concretions 
and thin, sandy layers. The latter under microscopic examination 
proves to be composed almost wholly of material derived either directly 
from volcanoes or by erm;ion from igneous rocks.' The shales weather 
gray, but 011 a fresh fracture are dark, co11taining much vegetal matter. 
They strike N. s2o B., and dip very gently to the southeast, away from 
the older rocks in the region of the Rock Creek mines. From the fos­
sils collected at this locality Dr. Dall reports Nucula sp., Liocardi1un 
linteum Conr., 1'ellina ho_ffmaniana Gabb, Cylichna cf. costata Gabb, 
1llocoma n. sp. ( ?), and Turbo ( ?) n. sp., from one bluff, while Yoldia cf. 
monterey ens is Dall, Cnssadaria ( =Phalittm), turberculata Gabb, and a 
number of other forms, most of which are known, come from another 
blufl". .The former are referred, apparently without doubt, to the 
Eocene, but the latter are referred to the Eocene or Oligocene. Iu the 
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field these shales were considered to be the lower part of the series 
exposed on the Nehalem at Wilsons Bluff, ·from 1 to 3 miles above 
Vernonia, ~here a number of Oligocene fossils were found. 

One of the most interesting Eocene exposures occurs farther down 
the N ebalem, in Clatsop County, at the fording nearly midway between 
Jewell and Mishawaka. At this point about 60 feet of shales are 
exposed, with some arenaceous beds of igneous material. The shales 
have rather large concretionary masses, and strike N. 22° W., with a 
dip of 15° S W. In tbe shales and concretions numerous fossils are 
found, of which Dr. Dall reports the following: Crab, coral, Dentalium 
n. sp., Yoldia. n. sp., Thracia n. sp., Vm·ticordia n. sp., Cardium breweri 
Gabb ( ~), Liocardinm Unteum Conr., Lyonsia n. sp., Bela n. sp., Fol­
gnr ( ¥) sp., Heteroterma trocltoidea Gabb ( ~J, Rimella canalifera Gabb, 
Urosyca, caudata Gabb, Pyrula tricostata Lam., Ampullina sp., Sea· 
phander n. sp., and Atur'ia angnstata Conr. 

Notwithstanding the presence of Aturia, which is a characteristic 
Oligocene form, Dr. Dall refers these fossils to the Eocene. The .Aturia 
found here is the largest specimen seen during the reconnaissance, 
much larger than any of those collected in the Oligocene, and it is not 
improbable that Aturia reached its greatest development before the 
close of the Eocene. · 

South of Columbia County, on the east side of the Coast Range, these 
shales were not seen in Washington, Yamhill, or Polk counties. The 
first outcrop noted is 5· miles north of Corvallis, near Benson's and 
Howe's,. where, at localities pointed out by ::1\'Ir. John Ray, Jl1odiola 
ornata Gabb, Solen parallelus ( ~), Nncula truncata Gabb, Tellina remondi 
Gabb, and other forms were collected. 

Near Corvallis ::1\'Ir, John Ray bas collected numerous fossils and 
gathered much information concerning their distribution. His collec­
tion is confined to Benton County, and is deposited in the State Agri­
cultural College at Corvallis. Under his guidance a number of Eocene 
forms were obtained, not only from the shales near Benson's and Howe's, 
east of Vineyard Hill, but also from the more sandy layers near Scott's, 
Cooper's, and Newton's, a few miles southwest of Corvallis: The strike 
of the strata of that region is approximately north and south and the 
dip easterly. The same formation continues to the southwest, and is 
full of fossils. Near Rogers's, in sec. 27, T. 13 S., R. 6 W., where the 
strike is nearly east and west and the dip about 20° to the northward~ 
Venericardia occurs, with an abundance of other fossils, in a ledge of 
sandstone, of which a thickness of about 30 feet is exposed. · 

Four miles directly east of Rogers's, at the foot of Coon Hill, on 
Foster's upper place, above a shaft sunk in prospecting for coal, is 
a soft fossiliferous sandstone that strikes north and south and dips 
westerly. The specimens of Venericardia planicosta Conr. and casts 
of Modiola found here show that the rocks belong to the Eocene~ The 
discordance in position at the last two localities may be due to the 
intrusion of igneous rocks, by which they are separated. 
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A few miles farther southward, near Monroe, the Eocene beds 
continue to be fossiliferous, and in the John Ray collection from this 
locality Mr. Anderson determined Cardita planicosta, Galer~ts excentri­
cus, .LV[odiola ornata, and other forms. In Long Tom Creek, at Mon­
roe's, a low arch of tuffaceous sandstone is exposed, and appears to rnn 
under the strata of the hills a short distance to the westward. The 
sandstone in the quarry by the road close to Monroe's is sparsely fossil­
iferous, and according to Dall the forms are Miocene. They dip gently 
eastward, and the Eocene beds must lie some distance to the west. 

The distribution of the Eocene strata from Corvallis to Monroe's 
shows that they extend directly south parallel with Long Tom Creek, and 
this opinion is confirmed by the appearance of Venericnrdia planicosta 
and other Eocene forms near Comstock, on the railroad between 

Drain's and Cottage 
Grove. The dark fos­
siliferous shales near 
Comstock have. been 
prospected for coal, but 
thus far without profit. 
The prominent hill 
northwest of the sta­
tion is of sandstone FIG. 5.-Section' from Callahan's westward to crest of Coast Range. 

1, Coal; 2, Fossiliferous sandstone; 3, Shale; 4, Sandstone. 
overlying the shales, 

and affords an excellent .view to the westward. Fossils have not been 
found in the sandstone, and its relation to the underlying shales is 
not certainly known. Its topographic relations indicate that it is the 
same sandstone which forms the prominent escarpment of the range 
from Tyee Mountain to Camas. Fossils have not been found in the 
massive sandstone along this bold front, but at a number of points 
they have been collected in the underlying beds, chiefly shales, as, for 
example, in Douglas County, at Cleveland, and near Callahan's, in the 
upper portion of the French settlement (sees.!) and 15, T. 27 S., R. 7 
W.), and in Camas. All of these are of Eocene age, and it seems prob­
able, as will be noted later, that the sandstone itself is Eocene. 

Opposite Callahan's a trail ascends this r11gged front, and the section, 
fig. 5, illustrates the relations of the exposed strata . 

.At Callahan's is coal (1) and the fossiliterous beds (2 and 3), which 
arc clearly Eocene. They are chiefly shale, but contain occasionally 
sandstones and rarely calcareous nodules of corisidcrable lateral extent. 
At one place they have been burned for lime. The basal portion of 
the mountain is generally covered by slides of soft Rand stone from above, 
but the only rocks seen in place were shales. The upper half of the 
mountain is sandstone, having a thickness of about 1,000 teet. Its 
distribution will be considered after the description of the underlying 
shales has been completed. There is no reason to suspect that the 
heavy sandstone at the top of the series overlies the sbalps unconform­
ably in this section, but at several other localities such discordance 
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is indicated. However, in these cases the underlying beds may not be 
of Eocene age. The difl'erence in altitude between Callahan's and the 
crest is nearly 2,000 feet. The dip of the strata is about 8° to the 
northwest, and the whole thickness of strata exposed above Callahan's 
is probably not less than 3,500 feet. 

East of the Coast Hauge, between the Ca.Ilapooia and Hogue River 
mountains, in the irregular valley drained by the forks of the Ump­
qua, the Eocene shales, with their interbedded sandstones, have a wide 
distribution, and fossils occur in mr~ny places. They are especially 
abundant about 20 miles northeast of Roseburg, near the mouth of 
Little River, where the characteristic Yenericarclia planicosta occurs, 
and the strata contain some beds of coal. 

On the coast of Oregon outcrops of Eocene strata are not known 
north of Cape Arago, but at that point, as long since made known 
through the observations of Professor Condon, highly fossiliferous 
sandstones and shales are well exposed. They strike about N. 10° W. 
and dip Goo to 70° to the northeast. These beds are largely shatlcs, but 
numerous sandstones occur, most of which are thin, although some are 
heavy enough to form prominent blufi's and points projecting to the 
water's edge. East of Cape Arago these highly inclined Eocene strata 
are exposed continuously along the beach for several miles, and it is 
evident that their thickness is very great. These fossiliferous strata 
are well exposed along the road immediately north of Marshfield, and 
also at Jordan Point, on the eastern side of the bay, where they rest 
upon a mass of older tuffaceous material. Judging from their position, 
one would say that they include the valuable coal beds of that region, 
but as the fossils found in immediate connection with the coal arc not 
characteristic, the evidence is not yet conclusive. 

Among the fossils found in the beds at Cape Arago, Dr. Dall reports 
the following: 

Modiola ornata Gabb_ · 
Venericardia planicosta Lam_ 
Pectunculus veatchii Gab b. 
Turritella uvasana Conr. 
Species of Thracia, Diplollonta, Callis~a, and Leda_ 

One mile east of the cape, in the same series, were found: 

Callista n. sp. 
Mactra darienenRis Dall 
Chione sp. n. 
Cyclina n. sp. 
Modiola ornata Gabb. 

And at Jordan Point: 

Turritella nvasana Conr­
Ampullina sp. 
Lunatia eminula Conr_ 
Pleurotorna n_ sp. 
Dentalium (2) n. sp­
Tellina remomli Gabb_ 
Yoldia, Leda, Solen, Tellina, and Callista. 
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On account of the fact that this series of beds is so well exposed at 
Cape Arago and contains characteristic fossils relegating them defi­
nitely to a position high up in the Eocene, they are called the Arago 
beds. 

About a mile east of Cape Arago the Arago beds contain a small 
lay~r of coal and thin seams or lenses of limestone; some beds of sand­
stone also occur here and there in the shales. This series of highly 
inclined strata extends eastward from the cape to the vicinity ~f Coos 
Head, where it is in all probability overlain unconformably by the 
massive Miocene sandstones which dip gently (18°) to the northeast. 
In the season of low tides it is said that a person can easily follow the 
beach from South Slough to the cape, but at the time the writer was 
there the water, even at low tide, was so high that about a mile of the 
beach near Coos Head was impassable. The contact of the Eocene and 
Miocene occurs along that portion of the beach. It is doubtless well 
expose<;! in the bluff, and the discordant positions of the strata at the 
points where they are seen nearest together strongly suggest a con­
spicuous unconformity between them. 

To the southward from the cape the Arago beds extend along the 
coast to near the mouth of the Coquille, where the older crystalline 
rocks appear. Tnrritella uva.sana Conr. was found in the shales of 
Five-Mile Grade (see. 3, T. 27 S., R. 14 W.), and in a bluff by the road 
near Lampers Landing on the Coquille numerous characteristic Eocene 
forms occur in the sandstone and shales. In the valley of the Coquille, 
after leaving the older crystalline rocks at Bandon, sandstones outcrop 
with occasional shales much of the way to Myrtle Point, where a larger 
outcrop of dark shales with calcareous but nonfossiliferous concretions 
occur. Similar sbales occur fartbei' northward along the old stage road 
from Fairview to beyond Dora, a distance of about 11 miles, and near 
Abinethy's they contain Trochita filosa Gabb and fragment of bivalves 
referred by Dall with cl.oubt to the Eocene. They dip to the northeast­
ward at an angle of 25°, and appear to plunge beneath the great irreg­
ular synclinal mass of sandstone which forms in this latitude the main 
body of the Coast Range. 

SANDSTONES. 

The sandstone which prevails in the upper portion of the series of 
beds belonging to the Eocene is best exposed in the prominent moun­
tain escarpment 12 miles directly west of Roseburg. Pl. VII shows 
the escarpment in the distance. 

At this point, as shown in fig. 4, the sandstone near its middle has a 
thin parting of Rhale whieh contains vegetal fragments. ' 

It is the same sandstone which forms the crest from Tyee Mountain 
to Camas and apparently passes through the divide (Camas Mountain) 
between Olalla Creek and the Middle Fork of the Coquille to Table 
Mountain near Nicbols Station. At Table Mountain nearly 2,000 feet 
of approximately horizontal sandstone are exposed, and near the sum­
mit it contains fossils which occur in the Eocene. The same is true of 
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the east slope of Cama.s Mountain, where in sandstone overlying the 
shale a few other apparently Eoeene forms were found. The fossils in 
this salulstone, however, are not so characteristically Eocene as are 
those of the shale at Bushnell's mine and near Dickinson's Rock, in the 
the same neighborlwod. 

From the bold front stretching from Tyee Mountain to Camas the 
sandstone extends westward toward the ocean and forms the mass of 
the Coast l'{,ange. It is well exposed along the old stage road fi·om 
Roseburg to Coos Bay, in the eauyon cut by· the East I~ork of the 
Coquille, and on the new stage road in the canyon of the Middle Fork 
of the same river, for nearly 20 miles west of Camas Prairie. It con· 
tains fossils 2 miles northwest of Remote, at Elbow Hill, and opposite 
the mouth of Boulder Creek. Fragments ot Tapes, Natica, Ostrea, 
Tellina, Solen, Venus, Mactra, and Area are reported by Dall, but no 
positive determination of speeies or of age is given. The dip of the beds 
is such as to indicate that the mountain is in part at least a syncline. 
This is true also on the old stage road, but not so evident, for the west­
ern limb has a very gentle inclination to the eastward, and near the 
middle of the mass the strata are occasionally disturbed as if faulted. 
The strike varies greatly, and is evidently mueh influeneed by the 
proximity to the old rocks of the Klamath Mountains, which begin 
with the drainage of Rogue River. 

The relation of this sandstone to the underlying Eocene shales is 
not yet definitely known. While at some points there appears to be no 
reason to suspect that they are discordant, at others, as for example 
on the Umpqua, at the base of Tyee Mountain, and near the Nineteen 
Mile House on the old stage road from Roseburg to Coos Bay, there 
is a decided unconformity suggested. It is not known, however, that 
the underlying strata are in all cases of the same age. 

To the northward the extent of the sandstone beyond Comstock is 
not known. It appears to grow thinner in that direction, and possibly 
passes locally into ~hales. In the Upper Nehalem coal field, however, 
there is much sandstone which may belong in the upper part of this 
series, although it is by no means even more than probable that it cor­
responds closely to the heavy mass in Douglas County. In the eollec­
tions from near the coal beds of Pebble Creek, Nuwla truncrtta Gabb, 
Tellina hoffmaniana Gabb ( ~), 1'ellina longa Gabb, JV[actra ashburneri 
Gabb ( ~), Neverita globosa Gabb, and Rimelllt simplex Gabb were rec­
ognized by Dall and referred to the Eocene. 

Much of the Eocene sediment was derived from the Klamath Moun­
tains and their northeast extension toward the Blue Mountains. Near 
their source the sediments are much thicker and coarser. Conglomer­
ates are not uncommon in the Eocene of Douglas County, but they are 
rare iu Columbia County. Sandstones form prominent ridges through­
out the areas of Eocene west of Roseburg and about Oakland, but 
farther northward they make but little impression 011 the topography. 
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OLIGOCENE. 

The next system of strata younger than the Eocene recognized by 
Dall on the Pacific Coast is the Oligocene, which includes the .Astoria 
beds on the Oregon shore of the Columbia near its mouth. 

Prof. James D. Dana, 1 in 1841, examined the shales and sandstone 
on the Columbia about its mouth and described them, noting also the 
interesting sandstone dikes which they contained. He referred to the 
dikes as evidence that the shales were overlain by sandstone such as 
that filling'the fissures. 

Prof. Thomas Condon collected numerous fossils at Astoria and other 
points in the Coast Range, and named the argillaceous shales-which 
he considered as forming the backbone of the range-the .Astoria 
shales.2 

Dr. C. A. White:1 considered part of the fossils collected about Astoria 
by Dana and Towm;end and describ!3d by Conrad 4 as Eocene, and thus 
the Astoria shale of Condon was shown to embrace beds of different 
ages. 

Dr. W. H. Dall visited Oregon in 1890, and in describing his results 
used the term Atnrla bed for the lower or Eocene portion of the series, 
characterized chiefly by the presence of Aturia ziczac. Recognizing 
both the sandstone and shales referred to by Dana, he remarks: 5 

The impression produced on the mind by an inspection of these rocks, though 
without the opportunity to examine any large dist.rict with care, was that the shales 
and sandstones form a part of a single series varying in character of its beds or 
layers according to fluctuations in the sedimentation, the shales being more argil­
laceous, the sandstones more arenaceous, neither possessing an exclusive character, 
the fossils appearing to be the same Miocene species in both, with a tendency to 
form concretions around them in the shale and to be represented by casts in the 
sandstones. The name of Astoria group is proposed to include them both, but not 
the subjacent Eocene Aturia bed. 

At Smiths Point, west of the town, the shales are very low, the vertical face not 
exceeding 15 feet. 'l'hey dip about 16° in a southeasterly direction, aLd are com­
poserl of thin layers of chiefly bluish gray shale with numerous fractures lined 
with peroxide of iron, which develop more numerously as the surface dries, while 
the iron causes the face to weather of a brownish color. The layers mostly contain 
a little sand; some do not show any. The fluctuations appear to succeerl each other 
with a certain regularity. Here and there a little gravel is mixecl in one of the 
layers, and in these gravelly layers are also small fragments of bivalve shells, the 
most perfect and numerous being those of a small concentrically undulated Pecten 
of the section Pseudamusium; Acila and Waldheimia were also observed. 

In the upper layers of the shale the clayey p~rts occasionally form lines of concre­
tions along a bedding plane, partly fossiliferous. The most common fossil here is a 
species of Macoma. 

Above the shales at this point is a bed of 8 to 20 feet in thickness of a yellowish 
clayey sand with irregular, mostly rounded fragments of a harder sandstone, macu-

'Wilkes Exploring Expedition, Vol. X, Geology, by Dana, p. 653. 
2 American Naturalist, June, 1880, Vol. XIV, p. 457. 
1 Bull. TJ. S. Geol. Survey No. 51, pp. 31-32. 
• >Vilkes Exploring Expedition, Vol. X, pp. 722-729, and Am .. Jour. Sci., 2d series, Vol. V, pp. 

432-433. 
5 Bull. U.S. Geol. Survey No. 84, p. 224. 
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lated with l)eroxide of iron with a few traces of marine fossils, and more or less 
gravel not regularly bedded, and penetrating into fissures in the shaly rock ·below in 
the form of dikes. 

The Atnria bed is characterized by the presence of the form whose 
name it bears. It was once exposed on the water's edge at Astoria, 
but is no longer accessible on account of improvements of the water 
front. On the opposite shore of the river, three-fourths of a mile above 
the Knappton sawmill, the shales in which it occms are well exposed. 
Aturia has been found in the shales and sandstones at a number of 
points south of the Columbia on both sides of the Coast Hauge; on 
the east at the fording of the Nehalem above Mishawaka, in Clatsop 
County, and near Blodgett in Benton County, and on the west at the 
old jetty quarry on 'rillamook Bay. 

Other fossils, relegated by Dr. Dall to the Oligocene and belonging 
essentially to ·the same horizon as the Aturia, have been found in 
sandstones and shales on the Scappoose, Clatskanie, and Nehalem 
in Columbia County, at Short Beach in Clatsop County, and northeast 
of Dallas in Polk County. Beginning at the north and proceeding 
southward, the localities will be noted first on the eastern side of the 
Coast Range and then on the western. 

Near the sawmill at Knappton are shales with many calcareous nod­
ules, but the only fossils found in them were fragments of crabs. 
Near by are exposures of old rocks upon which the shales at a number 
of points along the. north shore of the Columbia appear to rest with a 
decided unconformity. At this point the older rocks strike N. 26° E., 
and dip 45° to 48° SE., and contain veins of calcite and possibly of 
quartz. Continuing along the shore, the shales appear again with 
approximately the same position as that noted for the older rocks. 
Concretions are abundant and fossiliferous, f1irnishiug, according to 
Dall, the following species: Aturia angustctta Conr., Doliurn petrosum, 
Dentaliwrn sp., Yoldia indet., Anatina fragment, Amusium fragment, 
Crabs 2 sp. 

How far the Aturia-bearing shales extend eastward was not deter­
mined, although shales were exposed some distance toward Grays Bay, 
beyond where the fossils were obtained. There must be at least 500 
feet of shales exposed at this point. 

On the road to Mist, 2 miles southwest of Clatskanie, at an elevation 
of about 150 feet above the river, there is a mass of soft sandstone 
containing a very fossiliferous nodule 2 feet thick. Dolium petrosum, 
Conr., Nm;erita globosa Gabb, Nucula truncata Gabb, Callista, and 
Diplodonta are among the forms recognized by Dall. The position of 
the strata is not readily determined w.ith certainty, but there are indi­
cations that they dip northerly. If so it would be expected that the 
soft sandstone containing the nodule would be younger than the shaly 
sandstones on the same road at an elevation of 700 feet. This is not 
true, however, for the fossils the latter contain are Pliocene. 

Several years ago, through Mr. Will Q. Brown, a small collection of 
17 GEOL1 PT 1--30 
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fossilR was obtained from Westport on the Columbia. Dr. Dall reported 
(letter December, 14, 1892) that they belong "probably to the horizon 
of the Aturia bed which immediately underlies the Miocene Astoria 
shales." 

On the North Fork of the Scappoose, about 5 miles northwest of 
the station of the same name at the month of Fall Creek, the soft, gray, 
fine sandstone is cut to small pieces by joints, yet some of the fossils 
are well preserved, and among them Dr. Dall identified Nucula, truncata 
Gabb, Fusojicula, tricarinata Lam., and Neverita aetites Oonr. ( ?), be­
sides a number 'of other forms. The position of tbe beds is strike N. 
40° W., dip 1!)0 to the southwest. 

About 20 miles northwest of· Scappoose, at Pittsburg, on the Neha­
lem, is one of the finest exposures of Olig·ocene strata observed in 
Columbia County. A view of the bluff is given in Pl. VIII. The 
upper soft gray sandstone is very fossiliferous in places, and ·about 30 
feet in thickness. Below are 20 feet of dark shales which weather gray. 
The whole series dips northeast at an angle of about 5°. Some of the 
laye.rs of sand are indurated so as to make slabs, thic)dy set with 
perfectly preserved fossils. Generally the sandstone is soft and the 
numerous fossils it contains are so fragile as to be preserved with 
great difficulty. Solen is abundant in one or more of the layers, and 
recalls the name Solen beds, proposed by Condon 1 for the sandstones 
overlying the Astoria shales of the Coast Range generally. Among 
the grains of sand in tbe sandstone are found particles of pumice, 
probably indicating contemporaneous volcanic activity. 

The fossils identified by Dr. Dall from this locality are Ntwula 
truncata, Solen parallcl·us Gabb, Jl1ya prwci8a Gld., Ne·oerita saxea ( ?) 
Conr., besides Leda, Deutalium, Diplodonta, Macoma, Tellina, Callista, 
Mactra, Lunatia, Oylichna, and Molopborus, of which most of the 
species are new. 

The fossils of the shales are generally contained in concretions, some 
of which are large. Farther up the Nehalem, 1 mile beyond Vernonia, 
the same dark shales, weathering gray, occur as at Pittsburg. Thirty 
feet of them are exposed by the stream, and they are nearly horizontal. 
When wet and dried in the sun they fall to pieces, so that erosion is 
rapid. Fossils are not uncommon. All tbose collected here were found. 
also at Pittsburg excepting Pentacrinus and Periptoma. 

At Wilsons Bluff on the river, 3 miles above Vernonia, gray shales 
appear, with concretious, some of which are 10 feet in diameter, parallel 
to the bedding and 2 feet pPrpendieular to it. Most of the concretions 
are small, and, as already noted at many other places, contain the cara­
pace or legs of crabs. The strata dip gently to the eastward, and it is 
evident tbat tl1e sbales above Vernonia are older tban those at Pitts­
burg. Although the whole section seen on the Nehalem from Wilsons 
Bluff to Pittsburg is at least10 miles in length, it is not directly across 

-------~--~---------

1 A.ru. Naturalist, .June, 1890. Vol. XIV, p. 457. 
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the strike and does not expose more than a few hundred feet of shales 
and overlying ::mudstone. 

The fossils found at Wilsons Bluff are lJolium petrosum Conr., Nucula. 
truncatcL Gabb, Yoldia impressn Conr., Pseudomusium peckha1ni Gabb, 
with Dentalium, Scaphander, Cylichna, Leda, and Tellina. The party 
did not follow the Nehalem farther up than Wilsons Bluff, but the 
section must be quite like that of Rock Creek, a short distance to the 
northwest, where the Oligocene shales are covered by Pliocene tuft's 
and are succeeded westward by Eocene shales and underlying volcanics. 
The southern part of Columbia County, taken in connection with the 
adjoining portion of Washington County, j1robably affords the best 
ground in the State for studying the relations of the Eocene, Oligo­
cene, and Miocene. 

Extending south from Vernonia, the Oligocene soon passes under the 
Miocene, which forms the divide in that direction, and was not seen 
again along the eastern foot of the coast range until Polk County was 
reached. Very likely it cmps out at many points along the range, 
especially along the higher portions of Gales Creek and Tualitin, for 
it appears again 8 miles northeast of Dallas, on the divide between 
McCoy and Derry, where 50 feet of sandstones with thin beds of gray 
shales are overlain by 40 feet of light-colored shales from the soft, 
crumbly sandstone, clipping 10° to the northeast. Numerous fossils 
were obtained. Of these only Tritonium, calij'ornicum Gabb, Trochita 
filosn Gabb, Ouma biplicata Gabb, and Olavella gravidtt Gabb ( ~) were 
specifically identified, although eight other genera were represented. 
They were referred by Dr. Dall with doubt to the Oligocene. But this 
may well be correct, for the position of the strata shows that they lie 
beneath tbe Miocene strata seen to the northward and overlying the 
Eocene in the opposite direction. In the overlying light-colored sbales 
no fossils were found. They look somewhat like the Miocene shales of 
Washington and Columbia counties, but so far as yet seen do not con­
tain evident radiolarian or volcanic fragments. 

The most southern outcrop qf strata referred to the Oligocene is in 
Blodgett Valley, about a dozen miles west of Corvalis, on the road to 
Yaquina Bay. The shales and thin-bedded sandstones contain much 
volcanic material. They dip 40° to the northwest, and in a bluff north 
of tbe road 50 feet of them are well exposed. Half a mile northeast 
of Blodgett Stati0n Mr. Anderson discovered in these tuffaceous beds 
fragments of Aturia. a.ngustata, with Ostrea, Pecten, Cardium, and 
Led a, which Dr. Dall referred with doubt. to the Oligocene. 

Turning now to the western slope of the Coast Range, the first local­
ity of Oligocene south of Astoria is noted at Short Beach, in Clatsop 
County, where about 250 feet of thin sandstones and shales are exposed 
between projecting points of igneous rocks. Near the middle of the 
beach the upper beds of dark shale contain concretions in which were 
found Dolium petrosum, Rostellites indurata Conr., Area, Macoma, Den­
talium, and fish bones, indicating approximately the same age as the very 
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lowest beds at Astoria and at Knappton, across the river. The only fos­
sils found in the sandstones and shales on the coast between Astoria and 
Short Beach are Miocene. Directly eastward, about 6 miles from Short 
Beach, the Miocene occurs, near Crawford, and twice as far to the 
southeast is the Eocene, at Felix Hoy's, on the Nehalem. 

To the southward on Tillamook Bay at several points rocks are well 
exposed, ami they are at least in part fossiliferous. At the entrance 
of the bay on the north side the ledges of sandstone and conglomerate 
dip southwest, with a sontheaRt strike, carrying the beds across the 
bay toward the jetty quarries, where they are fossiliferous. The con­
glomerate occasionally contaius pebbles 4 to 6 inches in ~iameter, and 
beneath the conglomerate and sandstones lie shales which, at Garibaldi, 
are hard and slaty; but this induration may, perbaps, be attributed to 
the eruptive rock near by. On the eastern shore of the bay, nearly 
midway between Hopkinsville and Bay City, are shales with concretions 
containing Dentalium and fish bones, and these shales are overlain by 
sandstones dipping gently to the southwest. Judging from the posi­
tion of f,he strata exposed on the eastern side of the bay, they underlie 
those of tlw point northwes~ of Garibaldi and in the bluffs along which 
the jetty quarries occur. 

Along the southwestern shore of the bay, from the mouth of the 
Tillamook River to the Spit, is a prominent bluff of soft, gray sand­
stone, from which the stones for the jetty have been obtained.. At the 
southeastern end, in the old jetty quarry, about 80 -feet are exposed, 
and it contains shells and casts throughout, although they are most 
abundant in the concretions, which are usually less than a foot in diam­
eter. 'Ihe strata dip gently to the southwest, as at other points on the 
shore of the bay, and strike more northerly than the face of the bluff, 
which, considering its whole length of nearly 3 miles, exposes seveml 
hundred feet of strata, almost wholly gray sandstones, generally so soft 
as to be readily crusbed in the hand. When the fossils were collected 
in the old jetty quarry Mr. Anderson recognized the occurrence of 
Aturia 1 with Miocene forms, and it was considered evidence that Aturia 
survived into the Miocene. The determination of these fossils from 
the old jetty quarry by Dr. Dall proves of much interest. He finds the 
Oligocene forms .1tturia angustat{t Oonr., Dolium petrosum Conr., Rimella 
simplex Gabb, as well as the Miocene forms Pecten propatulus Conr., 
Pyrula pyr{formis Gabb ( ?), Orepidu.la prwrupta Conr., Lunatia sp., 
Bulla petrosct Conr. ( ?), Area microdonta, Thracia trapczoides Conr., 
Vener·icard-ia subtenta Conr., Gryptodon bisectus Conr., jJ;Jacoma arctata 
Conr. ( ?), Tapes staleyi Gabb (f), besides species of Yoldia, Leda, Chione, 
and Modiolaria. In the field the strata were supposed to be Miocene, 
but· it was not uoted whether both Oligocene and Miocene fossils 
occurred in the same uodule. lf they occur in different nodules it 
might be said that the Oligocene nodules were derived by erosion from 

---- ------ --- -----
I Aecording to Dall (Bull. U. S. Gcol. Survey No. 84, l'· 223), Professor Condon obtained an Aturia 

ziczac at Tillamook. 
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strata of that age and deposited with the Miocene fossils where w~ uow 
.find them together. There was nothing whatever observed at the time 
the fossils were collected to suggest that they had not all lived together 
at the time the strata in which they occur were deposited. It is certain 
that Dolium continued into the Miocene, for it occurs in the Empire 
beds at Coos Bay. Although this exposure is described under the 
Oligocene, the predominance of Miocene forms would appear to show 
that it belongs rather to the Miocene. 

On the western slope of the Coast Range south of Tillamook Bay no 
Oligocene was observed, although it may well be there. At Coos Bay, 
where the Miocene (Empire beds) comes in contact with the Eoeeue 
(Arago beds), it was not observed. 

MIOCENE. 

The Mioeene is widely distributed in western Oregon upon both sides 
of the Coast Range. It oceurs over a large part of the Willamette 
Valley, especially in Washington, Yamhill, and Lane counties, and on 
the coast more or less continuously from Astoria to Coos Bay, and 
most likely beyond, with interrnptions, to California. 

Beginning at Astoria, tqe localities will be noted in order from north 
to south, first upon the eastern side of the range and then upon the 
western. 

The Miocene of the Astoria region recognized by Dana consisted 
essentially of two members.:_sandstone above and shales below. By 
White and Dall the lower portion of the shales was shown to be older 
than the Miocene, but above the .Aturia bed there was still recognized 
a mass of shale to which Condon's term Astoria shale was applied. 
Although Dall 1 at one time considered these shales as Miocene, he has 
since placed them under the Oligocene in his correlative tables.2 

The age of the shales may yet be a matter of considerable doubt, 
but the overlying sandstone is without question referred to the Mio­
cene. The upper part of the shales, where the thin, sandy layers begin 
to predominate, is shown in Pl. IX, from a photograph taken near the 
High School building in Astoria. They are cut by a small sandstone 
dike. For many years after Dana's visit to that region sandstone dikes 
were well exposed in Astoria and along the shore toward Tongue Point. 
They closely resemble those of Tehama County, Cal.,3 where they have 
been shown to be earthquake fissures filled with sand from below. 
Dana regarded those at Astoria as fissures filled from above, and used 
the dikes as an argument to show the relative position of the sand­
stone and shale. 

South of Astor:a, on the eastern side of the Coast Range, the first 
Miocene strata observed were on the Nehalem, near Mist, in Columbia 
County. In the river the shales strike N. 22o W., and dip 13° to the 
----·----~-------

'Bull. U.S. Geol. Survey No. 84, pp. 223-226. 
2 Seventeenth .Ann. Rept. U.S. Geol. Survey, Part III. 
'Hull. Geol. Soc . .Am., Vol. I, p. 411. 
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southwest, so that ascending the river we appear to descend the series 
of ro'cks. A little farther up the river prominent bluff:,; of shale appear 
on the left bank. One hundred feet of whitish material con:,;ists chiefly 
of radiolarian fragments with some particles of pumice. This bed, as 
illustrated in fig. 6, overlies fossiliferous shale, of which only 10 feet 
are exposed. The strata are considerably faulted and crushed, and the 
fossils distorted. Dr. Dall recognized Yoldia impressa Conr., Yold·ia n. 
sp., Leda. u. sp., j\/1w-ulct divaricata Conr., Nuculct truncctta Gabb, Denta­
lium two n. sp., and Jjunatia sp., which he referred with some doubt to 
the Miocene. 

The shales are cut by several sandstone dikes. The largest is very 
irregular, at1d ranges from 1 inch to 2 feet in thickness, and branches 
upward. It is composed of sand which is made up chiefly of volcanic 
material. 

From Mist the river flows north west for several miles and then turns 
southwest to cut across the Coast Range. There are few exposures by 
the road in that direction until Jewell is reached, where Oligocene or 
Eocene shale occurs. 

:Four miles up the river from Mist, near the mouth of Battle Creek, 
i:,; a prominent bluff of fossiliferous s~1ndstone. The strata are prac­

tically horizontal and associated 
::,.,~~""-::.:''-'::::...~x..Z: 

· ~~~"-~"'-""~"'-~\\.~~~ with a small exposure of basalt.. 
~~~~~~~~~ j:;.."-..."-..."-."-.~"'-"--"'-"'-":::..."-.~"-"'"'~ Among the fossils Dr, Dall reports 

"~~"--"-~"--~~"--~~~ Mnctra albarict Conr., Yoldict cooperi 
~~~""~~~"~~~ ~"""'-~""-.~~~ .... ,':$._,~~~ .... ~~ Gabb, with Tellina, Solen, Macoma, 

~~~~~>.._~ Fusus, and Natica, which he refers 
~~"\~~'\.~,,~~''''~"'~'~""'" 

""~~~~""%;::>~"""'"'-~~":::...~~ to the Upper Miocene. 
~~~~~~~~~\~~ ~"'--~"'~~"'~" ... ,~-:,."-:-~-:-.~':':~::-"'""~ ~~'-'-~~ On the East Fork of theN ehalem, 

Fw. 6.-Section of ~eft bank of Nehalem River, about 6 miles southeast of Pitts-
near Mist. 1, Whitish, tuffaceous radiolarian burg, and belonginl! apparently to a 
shale; 2, Fossiliferous <lark shale. higher horizon thau the sandstone 

and shales of that place, is a soft, yellowish sandstone associated with 
a bed of coal 4 to 6 feet in thickness. Among the few fossils found there 
are Callista angustifrons Conr., Jl.[actra albaria Conr., and others which 
Dr. Dall refers doubtfully to the Mioeene. These fossils are quite 
unlike those (Eocene) associated with the coal on Pebble Creek, 

·and indicate that the coal of the two localities does not belong to the 
same bed. 

The divide between the Nehalem River and Dairy Creek, especially 
the southern slope, is composed of Miocene strata. The lower strata 
appearing to the westward are chiefly shales, while the upper ones are 
.for the most part sandstones. · · 

On Gales Creek, a mile above the post-office, over 100 feet of dark 
shales, dipping 40° to the southeast, are exposed in the bed of the 
stream, and a short distance farther down contain Mytilus, Macoma, 
Lyonsia, and Yoldia. The species are all new, but are regarded by Dr. 
Dall as probably Miocene. 
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On theW est Fork of Dairy Creek both sandstones and shales occur. 
The latter are dark within, but weather gray, and when freshly broken 
have a decided odor of petroleum. The best exposure is in sec. 3~, T. 
3 N., R. 4 W ., where a large landslide has occurred, exposing 2t'JO feet 
of the shale. It is rather massive tha!l fissile; and contains, besides 
occasional casts of mollusks, numerous small fragments of carbonized 
vegetal matter and minute bright scales of muscovite. Under the 
microscope it is seen to contain some volcanic material, also traces of 
radiolaria, and occasional green grains of g-lauconite. 'rhe fossils found 
here, Yoldia impressa Conr., Oallista angustijrons, Lucina acutilineata 
Conr., with others not specifically determinable, are referred to the 
Miocene. The occurrence of bituminous light-colored shales in Oregon 
containing radiolarian and volcanic fragments is of much interest on 
aecount of their close resemblance to the Monterey shales of California. 
By the kindness of Prof. A. C. Lawson, of the State University of Cali­
fornia, who sent me a number of samples of the Monterey shales, I am 
able to compare them. Although th9se of Oregon are generally not so 
light colored, they are occasionally almost as white as chalk. Generally, 
however, there is no trace of bituminous matter about them, at least so 
far as one may judge from surface indications. 

On the West Fork of Dairy Creek these shales dip gently eastward, 
beneath the soft sandstones exposed lower down on the same stream. 
On the East Fork of Dairy Creek the sandstone is approximately hori­
zontal, and occasionally very fossiliferous. A coulee of basalt cascades 
over the side of the canyon 4 miles above Mountain Dale. A collec­
tion of fossils was obtained at this point, and Dr. Dall recognized 
Nucula divaricata Conr., Yoldia cooperii Gabb, Mactra albar·ia Conr., 
Mya prcecisa Gld., Orepidula prccrupta Oonr., ai1d other forms, which he 
regarded as indicating a horizon well up in the Miocene. 

The same group of strata extends northeast to the Scappoose, where, 
in section 34, by the kindness of Dr. David Raffety, specimens of 
Mactra albaria Conr. and other forms were obtained. A short dis­
tance farther up the same stream, at the mouth of Fall Creek, the 
Oljgocene occurs. 

Southward from Forest Grove an excellent exposure of dark-gray 
fossiliferous Miocene sandstone occurs at Boos's quarry, near Dilley. 
At least 100 feet of sandstone is exposed, dipping to the northeast at 
an angle of from 340 to 41o. Fossils are abundant, and evidently Mio­
cene. On the Scoggins Creek road, a short distance above the road to 
Boos's quarry, a series of fossiliferous strata occur in essentially the 
same position as those at the quarry. 

At the south end of Wapato Lake, on the road crossing to the base 
of Chehalem, there are shales which stand out in the valley farther 
from the foothills of the Coast Hauge than the two localities last nien­
tioned. In the calcareous nodules of the shales Pseuclarnu8iurn peck­
hami (7) Gabb and other Miocene forms were obtained. .A. prominent 
hill called Chehalem is c~pped by basalt. Although Chehalem Valley 
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is remarkable for its fertility and rtual beauty. it affords few exposures 
of rocks except those of basalt upon the hills. After leaving Wapato 
no Miocene was encountered until near the southern border of Benton 
County. 

A few years ago Mr. John Ray sent to the National Museum fossils 
fi·om Foster's ranch, about 12 miles southwest of Corvallis, and they 
were referred by Dr. Dall to the Miocene. It is probable that they 
were collected to the east of the locality from which the Eocene fossils 
previously mentioned were obtained. 

In the gray sandstone quarry on the road within a quarter of a mile 
west of Monroe a few fossils were found, among which Dr. Dall recog­
nized Or£sotrema condoni Dall, .Mactra albaria Gabb, with Trochita, 
Crepidula, Fusus, Crassatellites, and Dentalium, and referred them to 
the Miocene. The sandstone dips gently toward the Willamette only 
a few miles to the eastward, and is probably continuous with similar 
beds near Eugene, where numerous characteristic fossils have been 
found by Condon and Dall. 1 

It is generally believed that the Miocene east of the Coast Range 
does not extend farther south than to the head of the Willamette Val­
ley, but a suggestion has recently been found in some fossils collected 
near Oakland that it extends into Douglas County. In the calcareous 
shales near the forks of the road one-half mile east of Oakland, Lucinlt 
acutilineata Conr. was obtained. Dr. Dall informs me that it is known 
o:q.ly in the Miocene, and is believed to be characteristic. The num­
ber of fossils, however, is small, and they occur in a region apparently 
surrounded by Eocene, so that their presence can scarcely be regarded 
as more than a suggestion. 

Upon the western side of the Coast Range, south of Astoria, the first 
strata supposed to be Miocene were observed at Tillamook Head, where 
Professor Dana 2 reported a cliff of light and dark blue clay 900 feet in 
height. 

At the northern end of the head, near Seaside, light-colored shales 
with occasional concretions occur. No large fossils were seen, but the 
radiolarian tuff is· quite like that which occurs at Mist and elsewhere 
in the Miocene shales, so that there can be little doubt as to its posi­
tion. Farther along, the strata are somewhat more sandy, and are 
succeeded by cliff's of basalt., rendering the shore impassable for a 
number of miles. 

Near Seaside the road leaves the beach and crosses Tillamook Head 
to Cannon Beach. Outcrops of both shale and basalt occur by the 
way. At the southern side of Tillamook Head the sedimentary rocks 
appearing with the eruptives are thin-bedded. The sandstones, ranging 
in thickness from 5 to 18 inches, are separated by thin shales. The 
ernptives contain many veins and nodules of calcite, and some of quartz. 

Below the mouth of Elk Creek, along Cannon Beach, are fine expo­
sures of conglomerate, sandstone, and shales over GO feet in thickness, 

1 BulL U.S. GeoL Survey l<o. 84, p. 227. 
2 Wilkes Exploring Expedition, VoL X, Geology,_ by Dana, p. 653. 
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cut by irregular dikes of basalt. The sedimentary rocks are soft, like 
the Merced series of Lawson on the coast .near San Francisco. But 
the few fossils they contain near Haystack Rock-Nucula, Leda, and 
Tellina-are not specifically identifiable, and Dr. Dall relegated them 
with doubt to the Miocene. Shales are most abundant. They strike 
N. 13° W., and dip 23° to the northeast, but the position is variable. 
Normal faults are common, and trend nearly parallel to the strike of 
the strata, with the downthrow to the noethward. Nearing Mrs. 
Austin's, at Cannon Beach post-office, sandstones with beds of pebbles 
form prominent outcrops, in which the waves have carved caverns. 

Cannon Beach is about 9 miles in length, and is limited to the south 
by Arch Cape, composed of basalt, which is in part overlain by soft, 
yellowish sandstone. Short Beach, which lies on the south, next to 
False Tillamook, exposes a series of Oligocene strata, and N eahkahnie 
Mountain beyond, of igneous rocks, forms a bold promontory. 

No fossils were found in immediate connection with the coal in the 
Lower ~ehalem basin, but at Crawford's, on the North Fork, about 6 
miles above the post-office of Nehalem, there are soft shales, locally 
calcareous and much crushed, containing a few. forms. The fossils are 
contained in the calcareous layers and nodules, and among them Dr. 
Dall identifiecl Mactra albaria Conr., Yoldia impressa Conr., Area. obis­
poana Conr., Pecten propatulus, and Trochita filosa, which he refers to 
the Miocene. 

A few miles southeast of Crawford's the volcanic Eocene occurs on 
the Nehalem at Felix Roy's, but down the coast the Mioc(me was not 
recognized again until Tillamook Bay was reached. In the heavy mass 
of sandstone at this point there is such a mixing of characteristic Oli­
gocene and Miocene species that the age of the beds is a matter of 
doubt. Although it is believed that they are essentially Miocene, thPy 
wer.e described arid the fossils noted under Oligocene. 

The shore between Tillamook Bay and Oyster Bay is a line of bold 
basalt bluff's, but occasional masses of sandstone are included in the 
eruptives, as may be seen on the beach south of Meares Point light. 
Between Meares Point and Otter Rock, near Yaquina Bay, there have 
been few if any geological observations on the coast, and the character 
of the exposed rocks is not known. The occurrence of several pronti­
nent heads suggests the presence of eruptives that locally interrupt the 
continuity of the sandstones. 

In the region of the Yaquina Bay, extending north beyond Otter 
Rock, the Miocene has its greatest development on the coast of Oregon 
and is well characterized by an abundance of fossils. A general view 
at this point is illustrated in Pl. X. The strike of the strata about 
Otter Rock varies from N. 8° to i3° W., with a westerly dip at an angle 
of about 18°. The abrupt change of sediments at the southern end of 
the rock, where the road ascends to the top of the terrace and the small 
exposure of the light-colored Miocene beds is greatly fractured, suggests 
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displacement of the strata. This suggestion is emphasized by the small 
faults well exposed on the ·north side of Otter Rock. That no great 
displacement occurs, however, is clearly indicated by the fact that the 
thin-bedded yellowish sandstone of which Otter Rock is composed con­
tains a few miocene fossils, whicl1 relate it quite closely to the fossilif 
erous beds a short distance on both sides. 

South of Otter Rock to the point at Newport, and along the bay to 
the town of Yaquina, the rocks are chiefly shales, generally fossilifer­
ous, and dipping toward the sea. At Yaquina calcareous concretions 
are abundant and full of fossils. In the collections between Yaquina 
and Otter Rock, along the coast, Dr. Dall identified the following 
forms: 

1. Otter Rock and along the beach l mile northward: 

Margarita striata Brod.,and the common Area, Natica, and Callista, Mactra 
albaria Conr. · 

2. On the beach from Otter Rock south to Cape Foul weather: 
Pecten propatulus Conr. Nucula conradi Week. 
Tellina arctata Conr. Sigaretns scopnlosus Conr. 
Panopea abrnpta Com·. Pyrnla modesta Conr. 
Callista angnstifrons Conr. Crepidnla prmrupta Conr. 
Area micro<lonta Conr. Large Pleurotoma and llnceiuum. 

3. N,ye Beach to Cape Foulweather: 

Crepi<lub prmrnpta Conr. 
Euthria like <lira Roe. 
Purpura n. sp. ( 'J 
Natica sp. · 

4. North beach of Yaquina Bay: 

Nucnla trnncata Gabb. 
Lucina acutilineata Conr. 

5. East shore of Yaquina Bay: 

Mytilus (large). 
l\facoma. 
Callista. 
Lutricola nuda Conr. (f) 
Lncina. 
Callicardia. (f) 
Cardium. 

Leda like cmlata Hinds. 
Yoldia sp. 
Area microdonta Conr. 
Area inezana Conr. 

Natica sp. nn<let. 

My a prmcisa Gold. 
Area microdonta Conr. 
Yoldia impressa Conr. 
Dentalium n. sp. 
Troehita filosa Gab b. 
PlenrotoiUa like circinata Dull. 
Buccinnm like plecteum Stm. 

Shaly sandstones begin near Yaq11ina, and according to Mr. Ander­
son they are succeeded by massive beds to the eastward, along the 
Yaquina River. In a railroad cut at l{ocky Point, 4 .miles east of the 
town, dark shales appear and contain many calcareous concretions, in 
w hiclt the following fossils were found: 

Nucnla conradi 'Veek. 
Modiola sp. 
Tellina arctata Conr. 
Macoma sp. 
Callista angustifro)ls Conr. 

Cardium modestum Ad. and Roe. 
Lucina acutilincata Conr. 
Crepidula pnernpta Conr. 
Dolinm petrosurn Conr. 
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It appear·s that the sandstone just referred to lies beneath the shales 
of the coast and overlies those of Hocky Point. This sandstone, so far 
as can be judged from what is already known of its position, is possibly 
the one exposed in the Yaquina coal field west of Depot Slough, where 
in Jones Tunnel fragments of Mytilus, Macoma,·Mactra, Yoldia, Den­
talium, and N atica were found, and referred by Dall, with doubt, to the 
Miocene. 

·To the eastward of Toledo there are a few outcrops before reaching 
Pioneer, where massive sandstone is well exposed and extensively 
quarried. It is gray and rather soft, so as to be easily removed and 
carved. The thiekest blocks obtainable are about 10 feet. Other 
layers range as low as 4 feet, and they are separated by films of 
elay. 

Near Pioneer the sandstones strike east and west, with a dip of 200 
to the northward. Beyond Pioneer shales become more prominent 
again, intermingled with soft sandstones, and eontinue toward the 
summit. No fossils were found east of Pioneer. The ineoherent ehar­
acter of the beds and their gentle inclination (with few exceptions 
mueh disturbed) suggest that they may be younger than the upturned 
fossiliferous strata of the .coast. Elevated beaches are occasionally 
well marked, and it appears that at no very remote epoch,_geologically, 
the sea may have passed through the low gap into the Willamette 
Valley. The soft sandstones and shales continue east of the summit 
to near Blodgett Valley, where they are replaced by beds of voleanic 
material and old lavas like those seen on the Nehalem. 

The strike of the Miocene rocks at Yaquina carried them down the 
coast, and their oceurrence with an abundanee of fossils at Coos Bay 
indieates that they are continuous between these two points. The 
Miocene rocks of Coos Bay are well exposed on the beach 3 miles 
southwest of Empire City, between Pigeon Point and Fossil Point. 
They are so well eharacterized at this locality by their fossil contents 
a11d position with referenee to the adjoining roeks that we designate 
them the "Empire beds." Tllese beds are more sandy than at Yaquiua, 
and contain numerous fossils. On the wave·cut terrace they appear to 
be horizontal, but structural lines show here and therP, indieating that 
the strike varies from N. 7° to 10° W., and the dip from 7o to no SW. 
Coneretions are common and contain most of the fossils, but Pecten 
propatulus and some otllet' forms are scattered throughout the Empire 
beds. From the collections made Dr. Dall reports: 

Crepidula prmrupta Conr. 
Dolium pctrosum Conr. 
Lunatia Ap. 
Pectunculus patulns Conr. 
Yoldia near lanceolata Sby. 

Pecten propatulus Conr. 
Callista angnstifrons Conr. 
1\Iactra albaria Conr. 
Cryptoda bisectus Conr. 
'fbracht trapezoides Conr. 

The distance from one point to the other along the shore is only about 
t,hree-eighths of a mile, and owing to the gentle dip of the strata less 
than 300 feet (estimated) are exposed. The Empire beds may be seen 
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for some distance ~long the east shore of South Slough and along the 
mouth of the bay from South Slough toward Cape Arago as far as Coos 
Head. In the bluff east of Coos Read the massive Miocene sandstone 
containing occasional valves of Pecten propatulus strikes N. 2.5o W. 
and dips 18° to the northeast. This massive sandstone, with its gentle 
dip, extends westward along the shore from Coos Head only a short 
distance, for before reaching Tunnel Point the highly inclined Arago 
beds (Eocene) form the bluff. The Empire beds and the Arago beds 
meet between Tunnel Point and Coos Head, and there is every indica­
tion that they are markedly unconformable. 

At Fossil Point occurs the most remarkable fossiliferous rock seen 
anywhere on the coast. Owing to the very large number of perfect 
fossil shells it contains, it is locally known as Fossil Rock. It is of 
small extent, and rests directly and unconformably upon an eroded sur­
face of the Empire beds. The contact is plainly visible. It is evident, 
therefore, that the Empire beds are not only well characterized by 
fossils, but are limited both above and below by unconformities. 

It is probable that the Empire beds extend some distance toward the 
Coquille, for on the beach at the month of 'rwomile Creek were found 
a number of Miocene fossils brought down by that stream, and accord­
ing to Newbury 1 and Condon, a narrow strip of arenaceous Miocene 
rocks extends more or less continuously from Cape Blanco to Port 
Orford. 

PLIOCENE. 

Of the many lots of fossils collected during this reconnaissance in 
northwestern Oregon, only two have been definitely referred by Dr. Dall 
to the Pliocene. Both were obtained in Columbia County, one from 
Rock Creek, about 4 miles above Vernonia, and the other from the 
north slope of t~e mountain by the western road from Clatskanie to 
Mist, at an altitude of 700 feet above the sea. 

Going up Rock Creek from Vernonia one finds shales exposed here 
and there along the road, overlain by a light-colored tuff which in 
plac~s looks very like a sandstone, but under the microscope it is seen 
to be composed wholly of volcanic dust. The shales, judging from 
those on the Nehalem above Vernonia, are probably Oligocene, and are 
in unconformable contact with the tuff. The tuff forms a conspicuous 
bluff, which had to be excavated to allow the road to pass above the 
stream. In the loose fragments at the bottom of this bluff a few fos. 
sils were collected, among which Dr. Dall recognized Yoldia cooperi 
Gabb, Macoma sp., Terrebratuli.na anguicula Cpr., Opalia ruderata Dall 
n. sp., Pleurotoma n. sp., and Dentalium n. sp., and remarks that they 
belong to the Pliocene (horizon of Pacific Beach, San Diego, Cal.) and 
indicate rather deep water. 

The light-c~lored rock of the bluff contains not only the fossils already 

'Bull. U.S. Geol. Snr,·ey No. 84, p. 223, footnotes 1 and 2. 
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enumerated, which are visible to the unaided eye, but also multitudes of 
radiolarian fragments. Many of the latter are readily recognized by 
their dark honeycomb or reticulated structure, but other;,, derived from 
the spines or cellular spaces of the radiolarian skeletons, show no mark 
of their. organic nature and look like fragments of volcanic glass. 
There are, however, some particles of pumice present, and in general 
they may be distinguished from the radiolarian spines by the bubbles 
of gas or inclusions of differently colored glass which they contain. 
The bed of radiolarian tuff is about 70 feet in. tl1ickness and nearly 
horizontal. Its laterial extent is not known, but it must be consider­
able, for the fossils it contains indicate its marine deposition in rather 
deep water. 

The second locality of Pliocene to be noted is on the western road 
from Mist to Clatskanie. The suiUmit of the divide by the road is 
sandstone, at an altitude of about 1,200 feet, although farther east it is 
capped by lava and is considerably higher. At au elevation of about 
700 feet, in soft shaly sandstone, Yoldia imp-ressa Oonr., Solemya •ventri­
cosa Conr., and Lucina acu­
tilinectta Conr. were found, 
and referred to the Pliocene. 
Farther down upon the same 
slope, in a similar sandstone, 
numerous Oligocene fossils 
were obtained. 

Although Pliocene strata 
may be quite widely distrib­
uted in northwestern Ore- FIG. 7.-Section at Fossil Rock. 1, Sand (Pleistocene); 2, 

gon in places we did not ex- Fossil Rock (Pliocene); 3, Sandstone ("l!fioccne). 

amine, it does not appear probable, for the ouly other locality·of marine 
sediments known that can be referred to the Pliocene, excepting, per­
haps, the upper Miocene on the Nehalem, 4 miles above Mist, is the 
remarkable "Fossil Rock" on \Joos Bay, 3ci miles southwest of Empire. 

This rock, well known in the comiUunity as Fossil Rock, is essentially 
a conglomerate. Besides a great abundance of almost perfect shells, 
it is composed of pebbles and angular blocks and concretions of the 
Miocene sandstone (Empire beds), upon which it rests unconformably, 
as illustrated iu fig. 7. The contact of Fossil Rock and the Enipire 
beds is clear, and there can be no question that t.he Empire beds were 
consolidated and eroded, and that thus many of their fragments and 
fossils were mingled with the then living forms of which Fossil Rock 
is composed. 

The large number of shells accumulated upon the Empire beds in 
some of the little coves near by illustrate .the way in which Fossil Rock 
was formed. It is important to bear in mind, however, that, as shown 
by Mr. Walcott 1 in considering intraformational conglomerates, it may 

1 Bull. Geol. Soc. America, Vol. V, p.l91-198. 
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be possiblf\ for just such material as· Fossil l~ock to form essentially 
contemporu.ueously with the beds of whose fragments it is composed. 

The close correspondence of the fossils to those of the underlying 
Empire beds relegates it to the Miocene, but the apparent physical 
break shown by the relatioit of the bt>ds indicates that it may be con­
siderably youngPr than that portion of the Miocene represented by the 
Empire beds. It is certainly older than the Pleistocene beds by which, 
as seen in fig. 7, it is overlain. 

In the collection frpm Fossil Rock Dr. Dall recognized Clwysdmnus 
like forn·ica.tus Gray, Lunatia sp., C1·epillula pnerupta Conr., Pecten pro­
patulus Conr., Tapes staminea (Staleyi (?) Gabb ), Jfactra alba ria Oonr., 
Dione, Chione, Cardium, Macoma, and Callista angustifrons Conr., and 
referred them to the Upper Miocene, remarking, "This assembly is 
about like that which Merriam lists (letter of Prof. A. C. Lawson, June 
18, 189.5) from Coos Bay," and to which Lawson 1 referred in suggesting 
that the Wild-eat series (Pliocene) extends as far north as Coos Bay. 

Fossil Rock is as firm as the Empire beds on which it rests, but is of 
limited extent, covering an area of only about 1 acre, wit.h a thickness 
of less than 20 feet. Beds co~responding to Fossil Rock were not dis­
covered anywhere else in the neighborhood, or along the coast else­
where, unless at Hinton Point, opposite Newport, on the YaquinaBay, 
where Professor Condon is of the opinion that the Pliocene occurs. 
The deposits at Hinton Point are noted more particularly under Pleisto­
cene. Strata continuous with Fossil Rock would not be expected to 
extend inland, for it is a charaeteristic shore deposit. 

The only other matter to be considered under the head of Plioeene is 
the occurrence of a mastodon tusk at Gravel Ford, on the North Fork 
of the Coquille, 7 miles from Myrtle Point. It was taken from the bank 
9 feet above the level of the river, and is said by Mr. Orville Dodge, 
from whom I obtained fragments of the tusk, to have been 3 feet in 
length. Mr. F . .A. Lucas, of the U.S. National Museum, examined the 
fragments and identified them as parts of the tusk of a mastodon 
which lived probably during the Pliocene period. The tusk bad a 
peculiar enamel band. 

From the small amount of evidence at hand concerning Pliocene 
geo~Taphy, it seems that the Klamath Mountains, and the larger por­
tim! if not the whole of the Coast Range, were above the sea during 
that periol'l. Besides the little strip at the mouth of Coos Bay, the 
only land of northwest Oregon now known to have been covered by 
the Pliocene sea lay in Columbia County, near the east base ·of the 
Coast Range. It is very probable, however, that the Willamette Val­
ley was then filled by the sea, for, as we shall see in the sequel, Willa­
mette Sound filled it for a portion of the next suceeeding period. 

------------·---~-

J BulL Univ. of California, Department of Geology, VoL I, p. 25G. 
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PLEIS'l'OCENE. 

Under the Pleistocene are considered all those deposits which are 
more recent than the Pliocene. They are not distinguished in general 
so much by fossils as by the unconsolidated character of the deposit 
and its position. They are widely dist.ributed, and will be described 
in the order of their occurrence from the Columbia southward, but in · 
this case first upon the west slope of the Coast Range and then upon 
the east, and in the Willamette Valley. 

At Ilwaco, on the north bank of the Columbia near its mouth, is ;m 
exposure of which a sketch is shown in flg. 8. The upturned edges of 
the Astoria shales make the mass of the hill, and these shales are 
unconformably overlain about 30 feet above sea level by a series of 
gravel, sand, and clay layers 14 feet thick. The material in these layers 
is incoherent and contains occasional fresh fragments of shells belong­
ing to species yet living on the coast. Near the middle of the deposit 
is a dark seam of vegetal matter, and the character of the stratification 
is such ~1s to in­
dicate that the 
deposit is wa­
terlaid and not 
of eolian origin. 

At the base of 
the hill the up­
turned edges of 
the shales have 
been cut off to 

FIG. 8.-Sect.ion of shore near Ilwaco, showing a layer of Pleistocene sanrl (1) 
unco!Oformallly overlying tilted Rbales (2). 

an even surface by the waves, and this wave-cut terrace extends more 
than 100 yards toward the river. The top of the shales, in the hill 
immediately beneath the Pleistocene layer, is planed oft' in the same 
way, and it is evident that when this was accomplished the shale in the 

-hilltop was then at the sea level and the waves rolled over it as they 
now roll over the lower wave-cut terrace to reach the beach. · 

The Pleistocene capping of the hill was laid down when the ancient 
wave-cut terrace was below the sea level deep enough to receive the 
deposits we now find there. Since then, of eourse, it bas been raised 
to its present elevation by a general, perhaps more or less unequal, 
uplifting of the land along the coast. 

Going south from the Columbia, along the Clatsop coast, one's atten­
tion is first attracted by the remarkable series of ridges, of whieh more 
particular mention has been already made in this paper under the 
head of "Features of the Oregon coast." At Tillamook Head and 
False Tillamook there are prominent cliffs along the beach, but late 
deposits, corresponding to those noted at Ilwaco, although doubtless 
present, are not well exposed. 
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Below the mouth of the Nehalem, however, they appear in the sea 
clifl" by the beaeh. As shown in the following section, fig. 9, the strata 
are horizontal, and, beginning below, consist of (a) bony, carbonaceous 

FIG. 9.-Section of sea cliff below the mouth of the 
Nehalem. 1, Sand and olay, 12ft.; 2, Gravel, 
stumps, logs, etc., 5 ft.; B, Sand, 1-3 ft.; 4, Carbon. 
aceons clay, 5 ft. 

clay, 5 feet; (b) sand, 3 feet; 
(c) gravel, stumps, logs, etc., 5 
feet; (d) sandy clay, 12 feet; 
making a total thickness of 25 
feet. A small stream reaches 
the beach by a little gulch cut 
througll a 25-foot bluft" contaiu­
ing these strata. The stream 
llas cut down to the bony, car-
bonaceous layer, and from the 
top of that layer it falls to the 

beach. The stream is so small that it. works slowly, and l1as failed to 
cut down to sea level, as have the larger streams. Such a fall in a 
large stream might be taken to incli­
cate a very recent uplift along the 
coast at that point. 

South of Tillamook Bay is a prom­
inent bluff where the Meares Point 
light-house is loeated. Near by is a 
bluff of basalt, estimated to be about 
300 feet in height, capped by 20 feet 
of soft sandstone, which belongs to 
the series of comparatively incoller­
ent Pleistocene depositH. This was FIG.lO.-Section near Meares Point light-house. 

1, Soft sandstone, 20ft.; 2, Basalt, BOO ft. 
not examined close at hand, but the 
stratification appeared distinct, as if the deposit had been waterlaid, 
and lacked the irregularities characteristic of dune sand. The expos­
ure is illustrated in the accompanying fig. 10. 

It is in the region of Yaquina Bay, however, that the most extensive 

cliff is 
place. 

• 

exposure of this 
formation was 
seen. The fol­
lowing section 
(fig. 11) illus­
trates what may 
be seen at Nye 
Beach. The top 
ofthe hill, which 
is 100 feet above 
the beach, is 
dune sand. The 
edge of the sea 

dun!3 sand, resting on a layer containing a stump of a tree in 
Beneath it is chiefly sand, not fully exposed, and the whole 
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mass rests on the upturned edges of the Miocene shales, which are very 
fossiliferous an<l incline seaward at an angle of 20°. About 100 yards 
farther north the contact of the sand and shales is well exposed. Pl. 
XI is from a photograph taken at this place, and fig. 12 is a section. 
The lowest portion of the Pleistocene rests, with marked unconformity, 
directly on the Miocene, and is composed of angular fragments of shale 
and sandstone. The upper part of this layer is chiefly sand, partially 
stratified, and contains wood, logs, limbs, and roots, some of which 

look as if they were ==·======-.... 
still in the places ... . .. '""'~·: .. :. 
where they grew · ·· ·-.-... -.:.~,,_·, ..... ,.~.·-········· 

. I: .Lf:t::.'; '" .. ···~· ~:·. " ' 
Much gravel and an- :.::.~ ··~;:.c:,·;:::L:c:·::;:;:::.:: .•.• :;::~,~;;:,;~::::. 

~~:Jiiit:~~ :~~i~lt'~"'-;;:,_~,,""''='~ 
angular fragments 4~~~~~~~\.\\'}_~~~'\~\\~~~\\\~\.~~~ 
and small pieces of 
wood. It is clearly 
stratified, with cross­

FIG. 12.-Section of Nye Beach Cliff. 1, 20 feet of gray sands, well 
stratified; 2, Chiefly ·eross·bedded sands, 12 ft.; 3, Fragments of 
shale, Rands tone, and Ha-nd containing wood; 4, Miocene shales. 

bedding, and in places is stained yellow by oxide of iron. The upper 
layers (1 ), having a thickness of about 20 feet, are evenly stratified 
gray sands, in a horizontal position. The Pleistocene at this exposure 
has a tlticlmess of about 40 feet, and the lower portions (2 and 3) dip 
gently eastward with the slope on which they were deposited. 

A short distance farther north, on the beach beyond the mouth of 
Nye Creek, the following section (fig.13) exposes about 35 feet of strata. 

FIG, 13.-Sect.ion of Nye Beach Cliff. 1, Soil, 18 
inches; 2, Saml, yellow and gray, 6 ft.; 3, 
Gravel, 5 ft.; 4, Sand, with oeeasional pebbles, 
10ft..; 5, Talns. 

Beneath 18 inches of soil is a bed 
of sand 6 feet thick; and next below 
it is a bed of gravel, partially in­
durated, 5 feet thick. Then come 
10 feet of yellow sands with occa­
sional pebbles, and the bottom of 
the series is not exposed. The ex­
pmmre is of interest when compared 
with the others, in containing a bell 
of well-rounded pebbles. This bed, 
like another near by i~ the same 
bluff, is of small lateral extent, yet 
it is well interstratified with sands. 

The same series of strata is well exposed near Newport, where the 
grade is cut tllrough the hill toward Nye Beach. The cliff exposes 
about 80 feet of strata, in which saud prevails, but layers of gravel 
are common toward the top. Near the base the beds are finer and 
some of the layers contain considerable vegetal matter, among which 
are numerous cones. These have been examined by Mr. Knowlton,· 

17 GEOL, P1' l--31 
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who pronounced them P.icea stichensis Carr., the tide-land spruce, 
which reaches its greatest development to-day in the region about the 
mouth of the Columbia, but extends as far north as Alaska. Profes­
sor Condon called my attention to this locality, and informed me that 
he had collected a number of marine mollusks here, indicating that the 
deposit was laid down in the sea. 

If marine shells are generally scarce Ill. the Pleistocene deposits 
about Yaquina Bay, there is one locality, to which my attentiou was 
directed by Professor Condon, where they are abundant enough to 
make up for the deficiency elsewhere. lt i~ in a small recess of the 
cliff near the Point, about one-half mile southwest of Newport. The 
section at that place, which represents nearly 100 feet in thickness, is 
illustrated in fig. 14. The upper layer is wind-blown sand; below it is 
a thick mass of stratified, yellowish saud, whieh is sometimes partially 
cemented so as to form a soft sandstone. It closely resembles m,attrial 
in the upper portion of the section represented iu fig. 12. Below this, 

partly concealed by 
talus, comes a mass 
of clay which ex­
tends to the bottom. 
It is in places dis­
tinctly stratified,anil 
contains a multitude 
of marine shells, of 
which a large collec­
tion was made. This 
clay rests unconform­
ably upon the irregu­
lar surface of the FIG. 14.-Section of clifi" near-Newport Point. 1, Dune san <I: 2, St,rnJ,j. 

fied sand; 3, Clay full of shells; 4, Miocene shales; 5, Talus. 
Miocene sbales, and, 

ncar the contaet, is composed chiefly of s)1ale fragments. .A. log lies 
confined along the western contact, whieh is plainly in view. On the 
eastern side of the exposure the large mass of talus coJJeeals nearly 
everything. The small portion of the contact between the shale and 
the overlying clay was laid bare by excavating. At the top of the elay 
there is a weed-covered bench which looks as if formed by a landslide; 
but a little examination of the composition, structure, and relative 
position of various parts of the section here exposed shows that this 
can not be so. The bench, instead of being produced by a landslide, 
is due to the presence of springs. The water, which readily percolates 
the overlying beds of sand, reaches the impervious clay, which drains 
it to the surface, where it washes away the sand to produce the bench. 

The great abundance of shells, among wl1ich Dr. Dall recognized 
1lfonia rnacroschisrna Desh., 1lfacorna nasuta Conr., Saxidornus a.rat~ts 

Gld., Tapes sta,minelt Conr., Zirphcca crispata h, and Purpura crispata, 
Martyn., aU of which are living forms, shows not only that at least the 
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basal portion of the mass is of marine origin, but that it is of Pleisto­
cene age. In the upper part of the clay that contains shells a cone was 
found like the cones at the base of the bluff at Newport. Both expo­
~ures occur in the same bluff one-half mile apart, and this common fossil 
serves to connect them still more closely. 

From the heights, near the schoolhouse at Newport, looking south­
east across the bay, Hinton Point is in fair view. It is well stratified 
from base to summit. In the upper three-fourths of the bluff, according 
to Professor Condon, who has examined the locality, the deposits are 
sandy, corresponding to those exposed at Newport, but beneath them 
the horizontal strata are argillaceous. The bottom of the clay is not 
exposed. It lies below the bottom of the bay. Between the sand and 
clay water escapes, as at the locality just noted, one-half mile south­
west of Newport. Professor Condon has collected a large number of 
fossils from the clay bed at Hinton Point, and reports that Macoma and 
other members of the same family are abundant. He regards the basal 
portion of this section as probably Pliocene. The only fossil collected 
from the Pleistocene north of Newport Point was at the foot of the 
blufl' near the mouth of Nye Creek. James Storrs found in the sand 
fallen from the cliff a large tooth which Mr. F. A. Lucas, of the National 
Museum, l1as determined to be that of a mastodon, probably Mastodon 
americanus, and certainly of Pleistocene age. 

East of Newport, on the road to Toledo, the Pleistocene deposits 
form the surface of the approximately level country (peneplain) for 
about 2 miles, attaining an elevation of 350 feet above the sea level. 
They appear to have their greatest development close to the mouth of 
Yaquina Bay; to the northward, along the coast beyond Cape Foul­
weather, they are not well exposed. The character of the Pleistocene 
deposits about Yaquina Bay indicates that at least the. lower portion 
of the deposit was beneath the sea, otherwise it could not include such 
abundant evidence of marine life and yet be free from indications of 
human accumulation~ Concerning· the overlying sands, containing the 
mastodon tooth and cones, the evidence is not so clear. Certainly land 
was close by. In the case of the gravels, especially those near the 
mouth of Nye Creek, their distribution suggests that they represent 
streams waudering over sand fiats to the sea. We see the same sort 
of deposits at many places along sandy beaches to-day where small 
streams enter the sea. ' 

Going now to the Coos Bay region, we :find similar deposits, but not 
so well exposed as about Yaquina Bay. Southwest of Empire, at Fos­
sil Point, by the mouth of South Slough, a series of soft beds 14 feet 
in thickness overlie Fossil Rock, as shown in :fig. 7. They are chiefly 
sand, and no fossils nor conspicuous marks of stratification were 
observed in it. 

Elsewhere about Uoos Bay the Pleistocene is either absent, very thin, 
or not well expot:ied. Further southward, however, there are several 



484 GEOLOGY OP NORTHWESTERN OREGON. (DILLER. 

exposures m the valley of the Coquille. One of the best is along the 
railroad 2 miles northwest of Coquille, where, in a bluff 30 feet high, 
there is a fine outcrop of well-stratified- sands. The summit of the 
exposure is at least 50 feet above the sef\,. 

If now we take a general view of the Pleistocene deposits along the 
coast, it is evident that when these were laid down by the sea the place 
they now occupy was covered by the ocean, and the land along the coast 
must have stood at a lower level than at present. The amount of this 
depression is indieated by the height of the deposits above the present 
sea level. As far as may be judged from what is already known of the 
Pleistocene along the coast of Oregon, the depression was at least 200 
feet, and probably mueh more. Our laek of knowledge eoneerning 
the upper limit reached by the water upon the ocean side of the Coast 
Range during the Pleistocene is due to the difficulty of discovering the 
reeord, on account of the dense forests and soft rocks, and also in a 
large measure to the very limited observations that can be made during 
a hasty reconnaissance through such a country. 

It gives me much pleasure to call attentiou, in this place, to the work 
of Prof. Thomas Condon, the veteran geologist of. the Northwest, who 
was formerly State geologist of Oregon, and who has contributed more 
than any other man to what is known of the geology of that State. 
He has traced the Pleistocene deposits from the mouth of the Columbia, 
not only north to· beyond Shoal water Bay, but also eastward far up the 
Columbia and into Willamette Valley, where he named the water body 
in which these sediments were laid down "Willamette Sound.m In 
some of the bluffs along the coast of Washington, Professor Conond 
has "found masses of buried forest trees, trunks, leaves, and seeds, so 
buried in clay, and so well preserved, that the spruce cone, fragile at 
all times, is scarcely discernible from one of last year's fruitage drift­
ing in the neighboring waters. From these vegetal remains, as from 
those of the shellfish, the same truths are taught, for the trees are the 
same in kind as those now growing on the bluffs too feet above them." 
Of the marine shells found in these strata, Professor Condon remarks: 

The oyster is very abundant among them, and the shells of most of them are 
neither broken apart nor waterworn, as they would have been had they drifted here 
from some other locality. They evidently lie here as fossils, on the same bed they 
occupied while living; oysters then, as now, rarely bed in waters more than a few 
feet in depth. The common cockerel-another lover of shoal water-is also abnn­
dant among :these remains, and, like tho oyster, lies fossil where it lived; the oppo­
site valves often now occupying the very positions relatively that they held while 
living, so, too, with the members of the clam family, whether mactra, or solen, or 
venus-all are evidently in their native beds, where they lived and died. 

The thickness of these deposits, which at Ilwaco, as before stated, 
is only 14 feet, at some points on the beach farther north is 100 feet. 
The upper layers have the finest material and fewest fossils, indicating, 
as pointed out by Professor Condon, that the land was subsiding while 

'The 0YerlalHl Monthly, Vol. VII, pp. 468-473. 
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deposititm 'was progressing, and that the final deposits were laid down 
in the ·deepest and quietest waters. ·At that time the topmost bed of 
this deposit was at a considerable distance below the level of the sea, 
at least 200 feet below the present level of that bed on the land. 

If the whole of western Oregon subsided 200 feet in all parts, so as to 
restore at least in some measure the eoudit,ions of laud and sea which 
obtained during the Pleistocene epoch, it is evident that the sea would 
flow in over the land, making a large bay of the Columbia and extend­
ing up the valley of the Willamette as far as Salem. The Pleistocene 
water body in its general outlines must have resembled Puget Sound, 
and to rlesignate it specifically, as already indieated, Professor Condon 
called it W illamette Sound. The fertility of the Willamette Valley is 
largely due to the sediments depo§lited in it during the time it was a 
sound, and some of the plains and prairies may then have been formed. 

The data for _ 
the accurate 
determination 
of the depth of 
the water in 
Willamette Val­
ley have not yet 
been fully made 
out, but the evi­

FIG.15.-Section of Portland Heights pear Gambrinus ravine. 1, Clayi 
~, Basalt. 

dence already known to Professor Condon indicates that the water ex­
tcllded as far south as Spencers Butte, 3 miles from Eugene. Judging 
ftom the height of the terraces ou the Columbia near the mouth of the 
Des Chutes, he estimated the depth of the water over the place wl1ere the 
city of .Portland now stands to have been 325 feet. This may well be, 
and yet when we study the deposits of which the hills about Portland 
are composed a much gTeatcr depth of water is indicated. During·a brief 
stay in Portland a rough section was made up the slopes of the ravine 
from Gambrinus. It is illustrated by fig. 15. '.rhe city is largely upon 
the modern flood plain of the river, and is, at least at a number of 
points-for example, on Washington street, near the Oregonian Build­
ing-made up chiefly of clay; The lower portion of the hill, above the 
general level of the city, is made up of basalt, with occasional masses 
of fine sediments, showing traces of stratification. The upper portion 
of the hill, extending from the top of the lava, at an elevation of about 
310 feet, to the general plain above, which is at an elevation of nearly 
660 feet above the sea, is fine, argillaceous sediment closely resembling 
the loess of the Mississippi Valley. It is in places distinctly strati­
fied and was evidently laid down under water. If this material was 
deposited in the Willamette Sou11d of Condon, as appears to be the case, 
the depth of the water at Portland must have been not less than 600 
feet. At present too little is known of the geology of the Portland 
region to assert that the fine sediments ou the heights immediately 
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west of Portland were (]eposited at the same time as those along the 
coast. 

At the north end of East Portland, near Albino, a bluff exposes the 
section shown in fig. 16. 

The 40 feet of coarse sand above is well stratified, but irregular aml 
cross bedded. This, with the 4 to 10 feet of conglomerate uext below, 
indicates strong, shifting currents. The lower 30 feet of the exposure 
is made up of sand, pebbles, aud bowlders irregularly intermingled. At 
the base of the ciift; and occasionally within it, are found bowlders of 
soft gray or yellowish sandstone, very like the Tertiary sandstone 
exposed at various places i_n western Oregon. No fossils were found 
at this point, but Dr. David Raffety gave me a fragment, collected 
from the gravel at Brooklyn Mills, 1Jlat contains Area microdonta Conr., 
a common Miocene form. Brooklyn Mills is at tlw south end of East 
Portland. The bluff, in general composition and position, is practically 

a continuation of the one at 
Albino. Th<' fossilR found at 
Brooklyn Mills are apparently 
in a small bowlder derived 
from the Miocene, and indicate 
that the gravels in which the 
bowlders occur are of later age 
than the Miocene. They are 
doubtless Pleistocene, and 

Fm.16 -Section of cliff at Albino, near Portland. 1, probably younger than the 
. Sand; 2, Coarse gravel; 3, Sand, pebbles, and small high-level sediments on the op­
bowlders. 

. posite side of the river. The 
fossiliferous Miocene in place is not known to the writer nearer .Port­
land than the Scappoose, in Columbia County, or Dilley, in ~Washing­
ton County, about 25 miles away. It is probable, however, that the 
same series of strata occur at no great distance south of Portland, and 
in the Willamette Valley 1 and in the hills to the westward, and, further­
more, they probably extend beneath the city, where they are covered 
by later deposits. 

At various places along the western side of the Willarnette Valley, 
between Forest Grove and Corvallis, a number of bowlc~ers of granite 
and sehist were observed under conditions that strongly suggest trans­
portation by ice, probably in the form of icebergs, floating upon the 
Willamette Sound. 

Tl!e first or1e noted was· upon the hill slope near the county stone 
quarry, a mile south of Dilley, at an elevation of 120 feet above the 
sea. The bowlder is of biotite granite, and is about 2~ feet in diam­
eter. Chloritic bowlders were seen near Amity, at an elevation of 190 
feet. A few miles north of Corvallis granite bowlders occur, and 12 

I In the Trans. St. Louis Acad. Sei., Vol. I, 1860, p. 121, Shumard describes a Miocene Leda from a 
few miles south of Oregon City. 
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miles southwest of that city bowlders, not only of granite but also of 
glaucophane schist, were seen by the roadside at an elevation of over 
250 feet above sea level. No strim or other marks showing glacial 
origin or ice transportation were seen on the bowlders, but that they 
are erraties carried there from the mountains is evident, for no such 
rocks are known in the places where they occur. Mr. W. A. Pomeroy, 
of Oswego, Oreg., informs me that in the vicinity of the Prosser mi11e, 
8 miles sonth of Portland, there are angular bowlders of syenite, rang­
ing in weight from a few .pounds to several hundred, widely scattered 

, in valleys and ou the tops of hills and knolls 800 to 1,500 feet high. 
During the Glacial period, as pointed out by Professors Newberry, 

Russell, and others, glaciers of the Cascade Range were large, and 
extended almost if not quite iuto Willamette Valley; for those of 
.Mount Shasta in California at that time reached the very base of the 
mountain upon the western side. Thus small icebergs could have been 
readily formed to carry bowlders of rocks from the western slope of 
the Cttscade Rauge and float upon the broad expanse of Willamette 
Sound. As they melted they dropped their loads of stones to the 
bottom, where the stones now appear scatterc<l throughout tlte valley. 

Hitherto in the consi<leration of the Pleistocene of Oregon, attention 
has been confined to matters growing out of the sediments deposited at 
that time. There is, however, another point of view. and that is from 
the land surface which furnished the sediments . • The streams flowing over the land, especially during freshets, carry 
much mud, sand, and other detritus into the sea, where it is deposited. 
Thus it is that the land is gradually being washed away and reduced in 
elevation toward the sea level. The level of the sea is the baselevel, 
lower than which the htnd can not be eroded. Practically it is only 
possible to reduce the laud by erosion to peneplain (almost a plain), 
which is nearly at the level of the sea. By this process the mountains 
are gradually wom down to hills and then reduced to knolls, so that 
the landscape ultimately becomes a gently undulating plain. 

To remove mountains and reduce the country to a peneplain by the 
slow process of erosion, requires that the laud and sea should remain 
in the same relative position for a long time. The development of 
the peneplain begins along the principal water courses, where the ero­
sion is most rapid and first reaches approximately the baselevel of 
erosion. Thence, as long as the land does not change its elevation 
with reference to the sea, the peneplain will gradually spread, and, 
unless interrupted, will extend until it embraces the whole landscape. 

A glance at the Coast Range of Oregon, which this reconnaissance 
afforded, discovers traces of pent·plains at many points throughout the 
range. Such a plain may be seen in the general view looking north 
from Forest Grove, where, as shown in Pl. XII, the long, even profile of 
the divide, abont the head of Gales and Dairy creeks, -is well marked. 
From au outlook to the west and southwest, immedhttely above Boos's 
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roek quarry, 5 miles southwest of Forest Grove, a well-marked pene­
plain is seen. Flat-topped Quarry Hill is in the plain, and has an 
elevation of about 525 feet above the sea, and from this point the 
peneplain rises westward toward the central portion of the Coast 
J1angc. The Tualitin~ on its way to the Willamette, has cut a deep 
valley across this plain. At the quarry lVIioceue fossils are abundant, 
and the sandstones dip at an angle of 340, so that the plain is evidently 
one of erosion across the upturned edges of the Miocene. The forma­
tion of the peneplain was not complete, for there are peaks and ridges 
which project above its general level. Adopting the general term 
"monadnocks," first used by Prof. W. M. Davis to designate such well­
marked elevations :1s project above the peneplains, it may be said that 
monadnocks are not an uncommon feature in the northern portion of 
the Coast Range, and that the peneplain terminates against them quite 
abruptly. 

The dense forest covering throughout the Coast Range renders exten. 
sive views uncommon, but wherever obtained traces of an elevated 
peneplain may generally be seen. This is especially true about tlle 
northern portion of the Coast Range in Oregon. A general view 
toward the southeast from near Mist, with the Nehalem Uiver in the 
foreground, is shown in Pl. XIII. A portion of an elevated peneplain 
appears at the bead of the valley. 

The uplands, excepting monadnocks, are generally flat- topped, and 
the peneplain of which they form a part is highest near the midd1e 
of the range. Along the Military road, now a trail, reaching from 
Mishawaka to Saddle Mountain and beyond, the peneplain is marked. 
It ranges in altitude from 1,250 feet near the farlls of the Fish Hawk to 
about 1, 700 feet near Saddle Mountain, which rises above the general 
plain as a distinct monadnock. Its relation may best be seen from a 
point several miles northwest of Olney, where the following view (Pl. 
XlV) was taken. The highest point is Saddle Mountain. It rises con­
spicuously above the general plain, which is shown on the flat-topped 
hills next nearer to the point of view. These represent the highest 
peneplains, ranging from 1,200 to 1, 700 feet. Immediately north of 
Olney there is a well-developed plain cut upon the upturned edges of 
the shales at an eleva.tion of about 400 feet. This plain is of consid­
erable extent to the north and east of Olney, and next below it, several 
miles fartlter down the river, is a plain only 50 feet above the tidal flats. 
The relations of these plains to one another, whether they are simply 
parts of one great plain separated and displaced by faulting or entirely 
distinct plains developed at difierent periods, have not been definitely 
determined, although the facts observed indicate that the latter view is 
correct. 

The peneplains already noted about the northern end of the range 
may be traced more or less distinctly to the southward, but on the 
whole they are generally less marked. There can be 110 doubt, how­
ever, concerning their reality and the light they throw upon the later 



PLEISTOCENE. 489 
' 

geological history of the Oregon coast. In :L view (Pl. XV), lookiug 
southeast across the river from a point about 2 miles below Nehalem 
post-office, the even-topped hills may be seen bristli11g with dead timber, 
and the distant mountains as monadnocks proj,ecting above the gen­
eral level of the peneplain. A similar view (Pl. XVI) is obtained from 
Toledo, looking across the Yaquina River. The distant monadnocks­
are absent, bnt the all too freque11t bristling hills are especially well 
shown. 

'rhe streams of the Coast Range at the present time cut deep canyons 
down its slopes, and it is evident that the peneplains of that region 
could not have developed at their present elevation above the sea. At 
the time of their origin each must have been but little above the level 
of the sea, and since the11, by the upheaval of the land, they were 
raised to their present position. A very rough approximation as to 
the amount of the upheaval is given in the measure of their present 
altitude. The greatest elevation of the plain observed was 1, 700 feet. 
It may, however, attain a greater altitude. About the bead of the 
Klatskanie very suggestive level tracts were noted on the road from 
Pittsburg to St. Helens, on the west side of the divide, at an elevatiOJ?­
of over 2,000 feet. Some of the flat tops in that region, however, are 
due to lava cappings, and the surface beneath may not be so regular. 
The uplift may have been greater in some places tha!l in others, but 
of this the evidence is not conclusive, as there may have been consid­
erable differences originally in the elevation of the higher and lower 
portions of the peneplains. 

The upper peneplain is cut upon soft sandstone and shale, and the 
structure is such as to suggest that only a comparatively small mass of 
these soft strata was worn away in forming the peneplain. These fea­
tures indicate that the work was accomplished in a relatively short 
time, and that the resulting deposits along the coast were of coml>ara­
tively small amount, although it is believed that other deposits of Post­
Miocene strata may yet be discovered upon the slopes of the Coast 
Range. 

At the time of the greatest depression, wheu the most extensive 
peneplain was developed, the Nehalem and the Umpqua rivers may 
have initiated their courses across the Coast l{ange and maintained 
them, notwithstanding the upheaval of the Coast Range across their 
valleys. If so, they were able to cti.t their canyons across the range as 
rapidly as the elevation required them to do in order to drain directly 
across the range. 

As the land was raised from the conditions under which the. pene­
plain was formed, the retiring ocea11, in fiworable positions at various 
levels, left its marks as wave-cut terraces or elevated beaches, with sea 
cliff and shells and other deposits; lUver terraces, well developed 
along t.he Nehalem and other streams, record stages in the prog-ress of 
valley making. 
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The soft sandstone and sh~les of the Miocene are not well suited to 
preserve such records upon steep slopes, although they may be observed 
at a number of places. The peneplain at the 400-foot level, southeast 
of Astoria, is well marked, and at other points along the coast traces 
of beaches and terraces were seen most frequently about that elevation 
above the sea, although in most cases no attempt was made to more 
than roughly estimate their altitude. A well-marked peneplain about 
this elevation is the dominant topographic feature between South Slough 
and the sea near Coos Bay. A good view of it is obtained on the road 
from Empire to Bandon, and near the edge of this peneplain, especially 
toward the Coquille, there are important deposits of auriferous black 
sand. It is possible that at about that level the previously raised land 
stood still for a time, allowing the erosive agents to m~1ke a deeper 
record. But if it halted at all in its upward course it did not stop long 
at any level, and the upward movement continued until the land was 
raised above its present position. 

At that time the coast of Oregon was farther westward, and the 
land included a strip about 5 miles in width that now lies beneath the 
ocean. Across this border the rivers once flowed and cut channels to 
the sea. The numerous soundings made by the United States Coast 
and Geodetic Survey along the coast of Oregon show that an old chan­
nel of the Columbia still exists beneath the sea from the present mouth 
of the river to a point where the bottom falls off rapidly and the deep 
sea begins. My information upon this point was derived from Prof. 
George Davidson, who for many years. had charge of the work on the 
Pacific Coast. 

The last movement of the land by which the Oregon coast came to 
its present position was one of subsidence. ·The sea advanced over the 
land, and the border of the coast already referred to became part of 
the bottom. This movement bad a marked effect upon the rivers. They 
are drowned on the lower portion of their courses, and the tide comes 
far inland. In the case of the Coquille the tide follows up the river to 
Myrtle Point, a distance of 40 miles. 

PAHT II. 

ECONOMIC GEOLOGY. 

Having considered the region embraced within the reconnaissance 
with reference to its geological structure and history, we can now more 
intelligently turn our attention to the deposits of economic importance 
associated with the various form~tions. The coal fields will be first 
described, and then the occurrence of iron ore, gold, platinum, and 
building stones will be briefly considered. 
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VIEW LOOKING SOUTHEAST FROM 2 MILES BELOW MIST, ON THE NEHALEM RIVER. 



U. S . GEOLOGICAL SURVEY SEVENTEENTH ANNUAL REPORT PART I PL. XIV 

VIEW LOOKING TOWARD SADDLE MOUNTAIN FROM YOUNGS RIVER BELOW OLNEY 
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VIEW LOOKING SOUTHEAST ACROSS THE NEHALEM FROM 2 MILES BELOW NEHALEM POST-OFFICE. 
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VIEW FROM TOLEDO, LOOKING ACROSS THE YAQUINA. 



COAL. 491 

THE COAL FIELDS OF WESTERN OREGON. 

Oregon has long been known as one of the coal-producing States of 
the Pacific Coast, but until this season no systematic attempt has been 
made to take a comprehensive view of the whole field to determine the 
geological position and areal distribution of the coal-bearing rocks. 
This could be done at the present time only in a preliminary way, inas­
much as the topographic maps of the country, upon which the produc­
tive· districts could be outlined, have not yet been made. When the 
topographic surveys, already well advanced about Roseburg and Coos 
Bay, shall have been extended over the whole of Oregon west of the 
Cascade Range, and tl1e maps published, it will be possible to show 
definitely the lateral extent of the coal regions. 

The coal fields of Oregon so far as yet known all lie west of the 
Cascade Range and north of Rogue River. Most of them are among 
the rriountains generally known in Oregon as the Coast Range, but 
.others occur at the western foot of the Cascade Range. Four fields 
will be noticed here: (1) The Upper Nehalem coal field, in Columbia 
County; (2) the Lower Nehalem coal field, in Clatsop County; (3) the 
Yaquina coal field, in Lincoln County; and (4) the Coos Bay coal field, 
in Coos County. Traces of poal have been found in many other 
parts of the State, and some of these occurrences will be noted, 
although little can be said concerning their extent. It is not at all 
improbable, however, that when the detailed explorations of the Geo­
logical Survey are made other fields of considerable size will be dis­
covered. Such explorations are Hecessarily slow. The luxuriance 
of the undergrowtl1, especially near the streams, and the abundance of 
fallen timber render the forest in many places upon the uplaud slopes 
of the Coast Rang·e a veritable jungle. Exposures are few and meager 
aml their rarity greatly increases the difficultie~ which beset the geo­
logical observer. 

'l'HE UPPElt NEHA.LEJVI COAL FIELD. 

The Upper Nehalem coal field is in Columbia County, within the dram­
age of the upper portion of the Nehalem River. It extends northeast 
and southwest a total length of aboitt 13 miles, and has a width of 1 to 
2 miles. The coal of this field is exposed upon the forks of Pebble 
Creek, the east fork of the Nehalem, and the Clatskanie. 

Beginning at the southwest end of the field, in sec. 34, T.4N.,R.4 W., 
there is a bed of coal which has been opened in the main fork of Pebble 
Creek near the county line. The pit, which once exposed the whole 
thickness of the bed, had been filled up by the stream, but I was 
informed by Mr. N. C. Adams, who prm<pected much of the coal in 
that region, that the bed is 4 feet 10 inches thick, including a parting 
of soft yellowish sandstone which measured 4 to 6 inches. At the 
time of our visit only the upper 18 inches of the bed could be seen. 
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On a fresh fracture the luster of this coal is brilliant, but soon becomes 
dull. It bas a fine-banded structure parallel to the bedding, and upon 
exposure to changes of temperature and moisture fissures develop 
along these planes in the coal, but much of it does not slack. It con­
tains a few nodules of pyrites, breaks readily into flattish pieces, aiHl 
burns with a bright yellow flame. Analyses numbered 2 and 3 in the 
table given later are of coal from this locality. 

The coal lies between sandstones. In the gray sandstone above, 
Mr. F. lVI. Anderson, who assisted me iu the examination of nearly 
all the coal fields, collected a few fossil shells and fish scales. The 
sandstone is occasionally hard, but not so firm throughout as to make 
timbering entirely unnecessary in mining the coal. 

About 100 yards farther down Pebble Creek, upon the right bank 
above the stream, apparently the same coal crops out, showing that 
the strata dip gently eastward. 

The best exposure of the coal seen in this field is upon the East Fork 
of Pebble Creek, in section 23, where the Great Northern Coal Company 
bas opened several drifts along the croppings of the principal coal bed. 
From any elevated position affording a good general view of the upper 
portion of the Nehalem Valley, it maybe seen that the streams all flow 
in canyons cut in the broad upland platform, which is almost a plain­
a peneplain. The general level of tl1is peneplain bordering the canyon 
of the East Fork of Pebble Creek is from 1,250 to 1,340 feet above sea 
level. The canyon in section 23 has a depth of 420 feet, and the steep 
slopes of its lateral guldtes afford some good exposures of the coal 
beds and associated sandstones. 

Nearly midway down the western slope of the canyon, at an elevation 
of 1,050 feet, two small coal beds occur. The upper cfintains about 12 
inches and the lower 14 inches of impure, dull, platy coal. The beds 
are 10 feet apart, and both are inclosed in soft sandstone. 

Fifty feet lower upon the side of the canyon, and a short distance 
farther up the stre<tm, are three tunne_Js, run in a few years ago by 
tlte Great Northern Coal Company upon a bed of coal nearly 9 feet in 
thickness. The longest tunnel follows the bed about 100 feet, and 
affords a fine exposure of the coal. The coal is generally compact and 
fine·banded, splitting most readily parallel to the bedding. Near the 
bottom of the bed the woody structure of the lignite is well preserved. 
On a fresh fracture the luster is often brilliant, but, with the exception 
of occasional thin, irregular bands, it soon becomes dull-brown, and 
upon exposure falls to pieces more or less readily. It lies between 
beds of rather soft sandstone, which may iu places be firm enough to 
support the roof without timbering. The coal dips gently to the 
southeast, and a large portion of it lies above drainage, so as to be 
economically mined. The canyon would afford an easy line for a rail­
road to the Nehalem River, along which the easiest grade for a railroad 
toward the coast could be obtained. 
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Eighty feet below the tunnel already mentioned, by a stream at the 
bottom of the canyon, another bed of coal crops ont. It is from 6 to 8 
feet in thickness, contains several sandstone partings, and is overlain 
by soft sandstone. 'fhe quality of the coal is much the same as that 
in the larger vein above. It has been prospected by t.he Great North­
ern Coal Company, but for only a few feet beneath the surface. This 
bed is inclined at an angle of about 10° in a direction between south 
and southeast. 

About one-third of a mile northeast of this locality, in the next gulch, 
two beds of coal appear. The upper bed is alJout 10 feet in thickness, 
but it is impure below and contains two sandstone partings. Farther 
down the same gulch is an 18-inch coal, and near it occur numerous 
fossils similar to those found in the same bed at the lower drift of the 
Great Northern Coal Company. They resemble the fossils which· occur 
close to the coal in section 34. 

Analyses 4, 5, and fi, iu the table given later, are of the coal on the 
East .Pork of Pebble Creek. The coals contain an unusually large per­
centage of ash and sulphur. Fearing that there was some mistake, these 
determinations were made again, with practically the same result. 

The position of the strata on Pebble Creek and the East Fork of 
Pebble Creek suggests that the coal in section 34 is probably continu­
ous with that in section ?.3 .. If so, it should crop out in the ravines in 
section 27 and the adjacent corners of sections 22 and 26. 'fhis view 
is supported by the fact that the Eocene fossils at the two localities 
are clearly related, and yet the striking differences in chemical com­
position tend to show that the beds are distinct. 

The thickness of the beds is sufficient to suggest considerable lateral 
extension, and for this reason the same coal might be expected to 
appear upon the East .Fork of the Nehalem River. In fact, two coal 
beds have been discovered upon one of the forks of that stream. Mr. A. 
H. Powell has prospected them in see. 27, T. 5 N., R. 3 W. At this point 
tl1e general elevation of the peneplain is about 2,200 feet, a.nd the can­
yon is over 400 feet deep. The coal is about 5 feet in thickness, and 
lies between horizontal beds of sandstone. It is shaly, and, judging 
from its looks alone, appears to be inferior in quality to that of the East 
Fork of Pebble Creek. · 

Mr. Powell reports a bed of coal farther down the ravine, about 80 
feet below the one jU:st noted, and smaller bed:-; farther up, but on 
account of landslides, the luxuriant undergrowth, and a large amount 
of fallen timber we.were unable to :fi11d them. 

Mr. Anderson collected a number of fossil shells near the coal, and 
it was then thought probable that the Hame bed continues from sec. 34, 
T. 4N., R. 4 W. to sec. 27, T. 5 N., R. 3 W., a distance of nearly 10 miles. 
According to Dr. Dall, the fossils do not support this view, for in sec­
tion 37 the shells are apparently of Miocene age, while these of sections 
34 and 23 are unquestionably Eocene. So far as the writer is aware, 

• 
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no coal has yet been found 011 the main stream of the East Fork of the 
Nehalem, where it ought to be exposed if continuous, as suggested 
above. In that locality it would be more conveniently located for 
shipment to the main valley of the Nehalem and the coast. 

Fragments of coal have been found on the Clatskauie, showiug that 
the coal beds occur within its drainage. It is most probable that they 
outcrop near the head of the stream, where it is nearest the coal on the 
East Fork of the Nehalem. 

The upper Nehalem coal field, while it bas a length of over 10 miles, 
is, as far as yet known, not over 2 miles in width, so that the whole 
area of the field is less than 20 square miles. Nevertheless, with two 
beds of coal, one 6 and the other 9 feet in thickness, it ought to yield 
a quantity of coal of eommercial importance, if upon practical tests 
the coal is proved to be good enough to create a demand for it, and if 
facilities are provided for cheap trausportation. .At present the best 
outcrops are not reached by even a poor road . 

.About a ton of coal from the East Fork of Pebble Creek was packed 
out and sent to Portland, where it is said to have burned well in 
stoves, but, so far as the writer knows, its steam producing power has 
never been measured. 

LOWER NEHALENI: COAL FIELD. 

The Lower Nehalem coal field is situated north of the Nehalem, near 
the county line between Clatsop aud Tillamook. 

In sec. Hi, T. 3 N., R. 10 W ., occurs an 18-inch bed of coal lying 
between beds of clay. It is near the south foot of Ne ah.kah nie 
Mountain, and is inclined at au angle of 30° southwestward. .A short 
distance farther dowu the slope is another exposure of coal. It can be 
traced for 50 feet along the strike and ranges from 5 inches to 14 
inches in thickness. It dips at an angle of 30° to the northwest, 
nearly at right angles to that iu the other exposure. There may be 
two beds of coal here, but considering the softness of the associated 
strata and the difference in position of the coal outcrops, it is not 
improbable that the lower exposure is only a slide from the upper. The 
analysis of coal from this loea.lity is No. 11 in the list. 

On another branch of Hodge Creek, about 250 yanh; to the eastward 
from the locality just noted, two tunnels· have been driven by 1Vlr .. J. G. 
Gcrritze for Mr. S. F. Pearson. In one of them a 2-foot poekct of 
brilliant, homogenous, fine-looking- coal was found, which yielded the 
analysis No. 12 in the table. 

On Coal Creek, in sec. 2, T. 3 N., H. 10 W., is an 18 inch bed of coal 
which lies between shales and strikes northeast and southwest, dip­
ping to the northwest at an angle of 50o. The eoa 1 resembles that 
from section 16, of which it may be i~ continuation., for a coal of the 
same character, 22 inches in thickness, is reported by Mr. Frank Stein­
hauer from sectim1 10, whieh lies between, and a similar if not identical 
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lustrous, black 10-inch coal occurs in section 36 of the next township 
to the north. It lies between sandstone (above) and shale. Analysis 
No. 13 shows its composition. ' 

·No fossils were found in immediate connection with the coal, so that 
its age is not definitely known, but it appears to be beneath the Ter­
tiary shales exposed near Crawford on the North Fork of the Nehalem. 

Sections 16, 10, 2, and 36 are all in a line extending northeast and 
southwest, and the coal exposed in them may all belong to the same 
bed. The coal field, so far as known, has a length of about 5 miles. 
The quality of the coal is good, but its thickness, so far as yet known, 
nowhere exceeds 22 inches. It occurs in ·strata so soft as to render 
timbering generally necessary, and is inclined at a considerable angle. 
In view of these facts, notwithstanding its good quality and nearness 
to tide water, above which it rises only a few hundred feet, it ean not 
be regarded as promising commercial importance. 

THE YAQUINA UOAL FIELD. 

This field is in Lincoln County, north of the Yaquina Hiver, and 
6 miles from the coast. It borders Depot Slough upon the west, and 
has its greatest extent north and south. 

A few miles west of Toledo, in sec. 13, T. 11 S., R 11 )V., coal has 
been found in a number of gulches. At one place the coal is exposed 
in a tunnel nearly 200 feet in length. It is greatly fissured, and the 
cracks contain a yellowish coating that makes the coal look muddy. 
'Ihe bed .at the end of the tunnel is about 20 inches in thickness. It 
becomes thinner to the northwest, as the bottom rises in that direction, 
and it lies between soft sandstones, the top one of which contains 
marine she1ls. The inclination of tbe strata was not accurately meas­
ured, but it has been estimated at 20 degrees. Analysis No. 14 is of 
coal from this locality. 

Dr. J. H. Bryant, who systematically prospected this field with a 
diamond drill, bored a bole a short distance southeast of the tunnel, 
but I llave not yet been informed what be found. In this same neigh­
borhood there are other exposures of coal, but so far as yet known they 
are small and of no value. In places the sandstones contain many 
~mall films or lenses of coal, and there are all grades in size from this 
to beds 20 inches in thickness and a mile or more in lateral extent. 
The character of the deposits everywhere, not only in this field, but in 
others, is such as to indicate that they are very local and in most cases 
not of commercial importance. 

In sections 36 and 30 of the next two townships to the north several 
outcrops of coal have recently been prospected with the diamond drill 
by Dr. J. H. Bryant. One bed having a thin parting of sand is reported 
to average 3 feet of coal. A sample from this bed was given me by 
Mr. P. T. Johnson. Its composition is numbered 15 in thf5 list of 
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analyses. The extent of this coal is not yet known, but it is not believed 
to be great. 

Farther northwarll traees of coal have been found near the head of 
Depot Slough, and also on the Siletz River, but the outcrops are less 
promising than those already noted. 

The Yaquina coal field has a length from north to south of about 5 
miles and a breadth of not over a mile. It contains, apparently, sev­
eral beds of coal which belong to nearly the same horizon. Although 
not very far from marine transportation, it does not promise to be of 
great commercial importance.' 

'l'HE COOS BAY COAL FIELD. 

The Coos Bay coal field is the most important one in the State, aud 
when thoroughly mapped will be a subject for later report. Thus far 
only a general reconnaissance has been made for this preliminary 
report and comparison with the other fields. 

It is situated in Coos County, upon the borders of Coos Bay, with a 
length northeast and southwest of at least 20 miles and a breadth of 5 
miles, so that its area is not less than 100 square miles. It is probable 
that future investigations may show this :field to be considerably 
larger, but at present no promising outcrop is known to the writer 
sonth of the latitude of Bandon or north of Haynes Slough. 

At the southwestern end of the :field, near Riverton, a 3z-foot bed of 
coal has been opened by 'L'. H. Timon. The writer's information con­
cerning this coal has been derived from Mr. Timon, and from Mr. E. C. 
Barnard, of the United States Geological Survey, who examined the 
mine. A tunnel is driven in the coal for several hundred feet.· l\lr. 
Timon estimated the output for 1895 at 4,000 1ons. It is said to be 
good steam coal. 1'he bed is only about 100 feet above the tide water, 
one-fourth of a mile away, and dips to the northeast at an angle of 
about 18°. The coal is overlain by sandstone, has a small parting of 
the same material, and rests upon shale. The compact character of the 
coal permittS it to be mined in large fragments. lts analysis, from a 
sample furnished by Mr. Timon, is No.17 in the table. The good quality 
of the coal and the economy with which it can be mined and shipped, 
combine to render this a promising portion of the :field. The shallow 
bar at the mouth of the Coquille is, however, a serious impediment to 
commerce. Mr. Timon says that there are a number of persons pros­
pecting for coal in that region, and that several other veins will be 
worked when the entrance to the Coquille is improved sufficiently to 
afford better freight rates. 

Messrs. Fred. F. Sharpless and Horace V. Winchell examined the 

1 Mr. John Ray, of Corvallis, has Jlrospectcd for coal and collected numerous fossils h1 11enton 
Connty, and he has published two small papers, entitled "Bints on coal-bearing formations in Denton 
County" and "The older Coast Hange." I desiro to express my indebtedness to Mr. Ray for much 
Yaluable information concerning that region, especia.l1y ns to the'occurrencc of fossils. 
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auriferous black sands and coal deposit in part of the country lying 
immediately north of the Coquille River. They report a bed of coal 
near Riverton with an average thickness of 33 inches. 1 ts outcrop is 
about 100 feet above the river, and the dip of the bed is 8° to the 
northwest. It has been developed by an open pit and a tunnel about 
20 feet in length. Sharpless and Winchell have made three analyses 
of this coal, and the results are numbered 18, 19, and 20 in the list. 

The dip of the strata on the Coquille near I1ampers Landing is Iiorth­
ward at an augle of 45°. They are full of fossils like those near Marsh­
field, and suggest that the coal of Iowa Slough, which overlies them, 
may be of the same horizon as that of the Newport miue. 

Sharpless and Winchell report an important bed of coal about 4 
miles northwest of Riverton, in sec. 23, T. 27 S., R. 11 W. Their report 
has not yet been published, but I have been permitted to read it, and 
make the following and other extracts: 

At this point a tunnel is found running into a hill for 150 feet on the strike of a 
coal seam. Tltis coal bed bas a thickness of at least 7 feet, and perhaps 9 or 10. 
Four feet of coal lies above a parting which is 4 inches thick, and 3 feet of it below 
this main parting. There is another shaly parting of 2 inches 3 feet above the main 
parting. The dip of this coal is east 25°, which would rapidly lead to a considerable 
depth in mining conditions. The hill rises about 100 feet above the tunnel, and 
conhl be easily drained for 50 or 75 feet below it. Other coal seams are said to occur 
in the same hill, but were not examined. 

The analyses of this coal, furnished by Sharpless arid Winchell, are 
numbered 21, 22, and 23 in the table. 

Six miles north of Riverton and about 3z miles northeast of the 
occurrence last described is the Beaver Hill mine, opened within a 
year, and now actively operated by R. A. Graham, with J, L. Parker as 
superintendent, and a large force of men. A branch of railroad li 
miles in length has been built to it from the main line of the Coos 
Bay, Roseburg and Eastern Railroad near Coalton. 

The bed is somewhat variable in thickness, and contains two thin 
partings of sandstone. The associated sandstones between which 
the coal appears are sometimes fosRiliferous and comparatively soft, 
although in many places firm enough to stand without timbering. 

The coal is brilliant black, with homogeneous structure, and has the 
composition given under No. 24 of the table. The large force of men is 
employed chiefly in ueveloping, and the mine has not yet entered fully 
upon its career as a producer. During 18!)5, 12,000 tons were shipped. 

The strike of the bed varies considerably, but generally it is in a 
northeasterly-southwesterly direction, with a variable dip to the south­
ea:-;t at an angle of about 40°. The strata here are much distp.rbed, 
and the high angle at which they incline greatly increases the cost of 
mining the coal. Upon. the surface the Beaver Hill bed has been 
traced along the strike for 8 or 10 miles. 

The only coal mine of Oregon which has been continuously operated 
for a consider·able time is the Newport. It has been worked for over 

17' GEOL, l'T I--32 
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forty years, and it owes its success not so much to the quality of the 
coal as to economical mining and management. lt is now operated by 
Goodall, Perkins & Co., of San Francisco, with Mr. William Campbell 
as superintendent. The writer' personally examined only one tunnel of 
the mine. All his information with reference to other port~ons of the 
mine and to the Newport basin was kindly furnished by Mr. Campbell. 
The location is in sec. 9, T. 26 S., R. 13 W., where a ravine has cut into 
the middle of the shallow basin containing the coal at an elevation of 
about 100 feet above sea level. The bed of c·.oal is about 5 feet 8 inches 
in thickness, and has two small sandstone partings of 6 inches each, 
leaving 4 feet 8 inches of solid coal. The total thickness v~ries greatly 
fi·om place to place, especially about the islawls which the coal encircles 
within the basin. The coal appears to be contained in a shallow, boat­
shaped fold, which, according to Mr. Campbell, is about 4 miles long 
and 1:} miles broad. The coal is said to outcrop upon the surface 
around the edge of this synclinal basin (the Newport Basin), and to­
ward its center the coal is covered by 100 feet of sandstone. The open­
ing of the mine is in a gulch near the center of the basin. The coal 
appears to dip gently toward this point from all directions. .A station­
ary engine upon the outcropping edge of the bed pulls the empty cars 
into the mine, and the loaded cars run from all parts of the mine to 
the opening by gravity. The slopes of the ravine in which the mine 
opens afford a convenient means fi)r utilizing gravity as an aid in-sift. 
ing, sorting, weighing, and loading the coal on the cars, which carry it 
by a comparatively gentle grade down Coal Slough to large bunkers 
on Coos Bay near Marshfield, where it is easily transferred to vessels. 
The position of the coal bed and its situation with reference to the sea 
are very important factors in the cheap production of coal from the 
Newport mii1e. 

The coal of this mine is brilliant black, breaking into smaJl cubical 
blocks. In some places it is homogeneous, and at others it is irregu­
larly streaked parallel to the bedding plane. The character of the 
vegetation from which the coal originated is shown by the occurrence 
of logs, which are sometimes completely changed to coal, and yet the 
woody structure is fully preserved. An analysis of a piece of coal in 
which the woody structure is distinct is No. 25 of the table. A com­
parison of this analysis with the one numbered 26, which was made of 
coal selected by Mr. Campbell as a representative sample of the New­
port mine, will show how completely the wood has been changed to 
coal. A eomparison of these analyses with those numbered 27 and 28 
shows an improvement in the quality of the coal. What is now mined 
contains considerably less moisture and sulphur than that analyzed by 
Mr. Price. 

The bottom upon which the coal rests is chiefly sandstone, and it is 
occasionally quite irregular, sometimes rising into thP. coal and cutting 
it off completely. The coal encircles several small areas; these were 
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small islands in the swamp in which the vegetation accumulated to 
form the coal. One of these islands is shown at the mouth of the 
mine near the center of the basin, where the coal runs out completely 
and the limiting sandstolll'ls come together with only dark tracings 
to mark the boundaries. 

The outcropping coal about the edge of the Newport Basin shows 
that the swamp in which the coal originated was of greater extent 
than the b:"'sin. The swamp may have extended more or less continu­
ously throughout the whole coal field from the Coquille to North 
Slough. The rocks at that time were lying horizontally. The New­
port basin originated at the time the rocks were folded. The upward 
folds, or anticlines, were largely washed away, but the downward folds, 
the synclines or basins containing the coal, have been preserved. That 
the Newport coal is in a shallow syncline there seems to be no doubt 
from the testimony of the mine itself, for the coal is reported to have 

·been sufficiently prospected or removed to expose the form of the fold. 
The structure of the remainder of the coal field has not yet been 
wrought out. The dips of 18° on the Coquille and 45° at the Beaver 
Hill mine show greater disturbance than at the Newport mine. 

During the summer of 1895 there were only three mines in active oper­
ation, the Newport, the Beaver Hill, and the Timon. Others have been 
operated in the past, and some continued several years. The Eastport 
mine, immediately north of the Newport, according to Mr. W . .A.. Good­
year/ was active in 1876 and produced considerable coal. He reports 
as follows: 

The aggregate thickness of the coal mined ranges from 4 to 5 feet, averaging about 
4t, in two benches of nearly equal thickness with a stratum of soft shale between 
them whose average thickness is about 6 inches, though it ranges in different parts 
of the mine from '1 to 10. Above the upper one of these two henches comes a stratum 
of shale, generally about 1 foot in thickness, and immediately over this again about 
1 foot of coal 2 

The ~ ewport mine is evidently on the same bed of coal as that form­
erly workerl in the Eastport mine. 

lVlr. Goodyear reports a new mine in 1877, immediately south of the 
Newport mine. .A. tunnel was driven some 500 or 600 feet upon the 
coal bed. 

At a point where the tunnel was commenced there was no visible outcrop what­
ever of the coal at the surface of the ground, but a few feet beneath tho surface a. 
dark colored streak began to show itself, which grew rapidly thicker and pm;er until 
within 100 feet from the mouth of the tunnel it hacl developed into a bed of good 
coal about 4 feet thick. Beyond that point, as far as the tunnel has yet extended, 
this bed will furnish from 4 to 4t feet of clean, hard coal, of a quality as good as the 
best. hitherto furnished by the Coos Bay mines. The strike of the bed is about 
N. 18° E. true course, ancl its dip .is about 8t0 to the east. It has in the middle of it 
a streak an inch or two in thickness of soft clay "mining;" but the remaincler of the 
bed is good, clean coal, which separates easily from the roof and floor, and as, fur­
thermore, both roof and floor conoist of good, solid sandstone, the coal can be mined 
from this bed for a little less cost than it can at either of the other mines, where the . 
-- ... ------------------------

1 The Coal Mines of the Western Coast of tho United States, 1877. 
2 Loc. cit., p. 87. 
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roof is not so good. So far as can be judged from surface indteations also, there is 
every probability that the mine will prove an extensive one, and that the quantity 
of the coal which can be cheaply extracted from it will be largA. 1 

This mine closed some years ago for reasons unknown to the writer. 
Five miles directly north of Marshfield and between North Slough 

and Jordan Point, or Kentuck Slough, is the ~lasgow mine, which has 
been operated, and much money has been devoted to prospecting and 
developing it. The mine is not open now, but Mr. William Sharp 
informs me that there arc two beds of coal, one 180 feet above the 
other, reached by separate tunnels. The upper bed has about 5 feet of 
coal, with two partings; while the lower bed has ahout 9 feet of coal, 
with four small partings. Mr. Goodyear examined this locality in 
1872, when the Hardy mine was in operation. Tlw strike of the bed of 
coal exposed in the long gangway was north and south, with a dip of 
1()0 to 180 to the westward. Although the coal outcropping at the­
surface appears to be of fair quality, in the gangway below it was 
found to be soft, and cr-umbled very badly on exposure. 

Tbe bed itself is, in all probability, identical with the one in the Bastport and 
Newport mines, as it con~i~t~ of the same three layers of coal with streaks of clay­
rock between them, arranged in the same order, and preserving very nearly the same 
thickness, both relntively and absolutely, as at those mineR.' 

This bed, upon which the Hardy mine is located, is evidently the 
upper bed noted by Mr. Sharp. 

In sec. 23, T. 2() S., R. 13 W., a few miles from the head of Isthmus 
Slough, tlte Utter mine was operated about twen~y years ago, allll pro­
duced, according to Mr. Utter, about 10,000 tons of coal. The coal bed 
is said to have been () feet in thickness, with a small parting of shale 
near the middle. The lower half of the coal is soft and of little value, 
but the upper half is of much better quality. The strike of the bed is 
nearly east and west, with a dip of 17° southward. On account of the 
quality of the coal and the cost of production and transportation the 
mine has been closed for years. 

In the next section to the westward (22) the North Pacific Coal Com­
pany began operating apparentlyupon the same bed that occurs in the 
Utter mine, but with no better success. 

I•'arther north, but upon the east bank of the Isthmus Slough, near 
the line between sections 34 and 35, T. 25 S., R 13 W., a m"ine known as 
the Henryville mine was expensively opened and outfitted. The plant 
is now practically in ruins. An incline was driven for a distance of 
1,000 feet or more at an angle to the dip, upon a thick bed containing 
mUt\h carbonaceous material, but without finding coal sufficient to pay 
for mining. At this point the strike of the strata is north and south 
and the dip easterly. The angle of the dip is greater and the beds are 
more disturbed by faults than in the Newport mine. The <iisturbed 
strata are perhaps best exposed upon the surface and in a slope sunk in 

I The Coal Mines of the 'Vestern Coast of the Uniterl States, 1877, pp. 91-92. 
2L0c. cit., p. 94. 
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the southwest quarter of section 25, where an utterly fruitless attempt 
to find coal was malle by the same compauy. Large smns of money 
have been wasted in the Coos Bayregion upon expensive plants before 
the value of the coal was assured by thorough prospecting. In pros­
pecting any coal field the first step shouhl be to prospect thoroughly 
the surface outcrops, and if this does not completely settle the. com­
mercial value of the deposit, then consideration should be given to the 
ultimate cost of running an opening as compared with that of boring 
a hole with a diamond drill to determine what is beneath the surface. 
The diamond drql in certain cases is a valuable means of prospecting.' 

The operators of the Newport mine are boring a hole to determine 
tl1e composition of the strata underlying that region. The strata are 
but gently inclined and the conditions are especially favorable for such 
prospecting. Mr. Campbell, superintendent of the mine, informed me 
that the drill had passed through 300 feet of sandstone and 500 feet of 
shale.. The sandstone is on top, and the top of tp.e boring is about 10Q 
feet below the Newport coal bed. The intervening rock is sandstone, 
so that there is positive evidence, in the region of the Newport mine, 
that no valuable coal occurs within 900 feet below that bed. In the 
middle. portion of the Newport basin the coal is overlain by 100 feet of 
sandstone, making the measured section, beginning at the top: 100 feet 
of sands.tone, 5 feet of coal, 400 feet of sandstone, and 500 feet of shale. 
The sandstone core showed many fragments of fossil shells, so that it 
is known .that the rock beneath the coal is full of fossils. Fos&ils are 
also abundant in the beds immediately overlying the coal in the New­
port mine. In many places they were collected from the roof of the 
tunneL Among them Dr. Dall recognized Lutricola undc~ Conr., Ostrea, 
and Tellina, but none of the forms are sufficiently characteristic to 
determine the age of the beds. The position of the fossiliferous strata 
at Marshfield and Jordan Point suggests that the coal beds are of 
Eocene age, but their gentle inclinations, especially in the Newport 
basin, and the occurrence of similar rock rich in Miocene fossils to the 
westward near South Slough, leave their exact geological horizon in 
doubt. 

Coal has been discovered a few miles south of Empire, and also at 
other points within the Coos Bay region; but a thorough study of this 
field can not be made until the surveys now in progress shall have been 
completed. 

'.rhere is, however, one locality that should be mentioned on account 
of its geological rather than its economic importance. On the coast, 
about three-fourths of a mile east of Cape Arago, is a thin bell of coal, 
from which a number of tons were obtained for nse at the Arago light­
house. It is interstratified with a highly tilted series of shales and 
thin-bedded sandstones which contain numerons.characteristic Eocene 
fossils, and it is evidently of the same age. 
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O'l'HER OUTCROPS OF OOAL. 

Besides the exposures of coal within the fields already noted, there 
ar~ numerous other outcrops of greater or less importance within the 
State. They are usually isolated occurrences, aild except in a few cases 
can not be grouped together ... 

Mr. William Sharp, who has prospected· much for coal in Coos County, , 
has informed ine that a bed of coal occurs near the bead of Big Creek, 
in T. 2!) S., R. 10 W., and that it crops out on the Middle Fork of the 
Coquille a short distance west.of the mouth of Sandy, Creek. 

Coal bas been reported from Camas ]\fountain, 'l'. 29.S., R. 8 W., in 
Douglas County. An analysis of this coal is numbered 31 in the table 
of ana1yses.1 The ·bed of coal represented by the sample analyzed. is 
reported to be 3 feet thick. It yields red ash and does not coke. 

Coal bas been found on Smith River in Douglas County, and on 
several streams which flow into the sea in Lane and Benton counties. 

Two years ago Mr. G. J. Callahan opened a seam of coal in sec.l5, 
T. 27 S., R. 7 \V., at the eastern foot of the Coast J{ange in Douglas 
County, and obtained from it about 9 tons. Some of the coal was used 
in a small engine and for blackRmithing, and it ito; said to have worked 
w~ll. The seam is !) inches thick and lies between layers of shale. Its 
analysis is No. 32 in the list. A calcareous bed overlying the shale a 
few feet contains numerous Eocene fossils, among which· an oyster is 
quite common. 

Of the localities for coal in Douglas County, those on the North Fork 
of the Umpqua, about 20 miles northeast of Roseburg, are perhaps more 
widely known than any others. This was made known as early as 1872 
by Hugh Small, in his pamphlet on Oregon and Her Resources. ' The 
best oi.ttcrops are said to be from 2 to 4 miles above Hughes Ferry, and 
were not visited by the writer. Close to the Ferry and at several points 
on the East Fork, or Little River, as it is sometimes called, traces of 
coal are found, but there are no beds of economic importance. At one 
point on Cavitts Creek, half a mile above its mouth, two small beds of 
impure coal occur, one 14 inches and the other 3 inches thick. This 
outcrop was leased for several years to a blacksmith of Myrtle Creek, 
who is said to have mined several tons for use in his smithy. Analysis 
No. 3:3 shows the composition of the coal at this locality. 

Good blacksmithing coal has been reported about the headwaters 
of the Coos River, and in the Coast Range of Yamhill County, as 
well as at many other points upon both sides of the Willamette Valley. 
A 4-foot bed, in horizontal sandstone containing leaf impressions, 
has been noted in Clackamas County, near Wilhoit Springs. Similar 
outcrops occur at many places along the western foot of the Cascade 
Range. 

In the John Day Valley of eastern Oregon coking coal has been 

I Tenth Census, Yol. XV, lHHO, pp. 788-789. 
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found whil\11 yielded the analysis No. 34 of the table. Coal is said to 
occur also at Pendleton, but t>.O far as yet known the great majority 
of the outcrops east of the Coast Range, excepting perhaps those of 
the upper Nehalem basin, are of little commercial importance. 

Concerning the age of the coal-bearing strata of western Oregon, it 
may be stated that at Pebble Creek (Columbia County), Cape Ara.go 
(Coos County), Callahans, and North Fork of the Umpqua (Douglas 
County) they are definitely known to be of Eocene age; in the Lower 
Nehalem (Clatsop County) and Yaquina (Lincoln County) coal fields 
they underlie a considerable thickness of fossiliferous Miocene strata 
and may be Eocene; at Coos Bay they are so related to both Miocene 
and Eocen_e strata that it is not possible without further examination to 
tell definitely to which they belong, but tl1e tendency of the evidence 
suggests that they are Eo(~ene. 

Chemical analyses of Oregon coals. 

r----1 N--~ Mois- \Volatile/ Fixed ~- Ash; I Sui- Physical properties 
o. ture. matter. earbon. phur. of coke. 

-----------------

·---:::.:-1 
1 2.56 46.29 48.49 

2 11.16 42.82 41.64 

3 10.83 41.05 43.17 

2.74 
1 4.38 
1 4. 95 

( ') 
4. 32 Sooty,incoherent. Peter Fireman. 

2.-17 Partly l•rilliant Do. 

aiHl coherent. 

4 10.03 43.40 29.98 '16. 59 3. 69 Sooty, noncoher- Do. 

ent. 

5 12.23 42.47 34.29 1 11.01 
' 

3.1!1 ..•.. do----·----· Do. 

6 10.07 44.52 32.18 1 13.23 3.97 ..... do.......... Do. 

7 

8 

9. 75 32.25 

9. 53 42.73 

9 9. 00 37.83 

10 19. 75 33. 20 

11 8. 08 41.26 

12 8. 86 40. Ofi 

50.50 

42.29 

7.50 

5.45 

45.17 8. 00 

42.59 4. 73 

4G. 81 1 il. 85 

4-G. 79 . 1 4. 29 

1. 30 Partly l1 dlliau t 

and coherent. 

1. 31 Partly brilliant 

and coherent. 

J. H. Fisk and 

IV.H.Ilampton. 

Do. 

Peter Fir~man. 

Do. 

13 8.91 4-1.54 47.:23 1 2.32 0.38 Sooty, slightly Do. 

coherent. 

14 8.11 4-1.15 :~3.59 1 17.15 0.95 Sooty,uoncohcr- Do. 

ent. 

15 8. 53 39.95 45.79 '5. 73 2. 00 Part-ly urilliaut Do. 

16 15.50 31.40 139.80 

17 9.12 43.86 42.73 

~ 9.77 4R20 M.22 

1 Red. 

13.30 

'4.29 

12.81 

0.46 

2.32 

and coherent. 

Sharpless and 

Winchell. 

Slightly coherent Peter Firem:]n. 
.................. Sharpless and 

Winchell. 
__ __._ _____ --------

2J~rown. 3Jjght brown. 
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Chemical analyses of Oregon coa.ls-Continued. 

1::1 Mois- Volatile! Fixed .A. h Sui· 1-1--tu_r_e. __ matter. cn.rb~~--·-~ 11hur._ 
Physical properties 

of coke. 

19 10.81 46.52 

20 12.26 43.16 

21 4.97 42.13 

22 5.33 48.31 

23 4.05 46.51 

34.26 

33.93 
44.91 

38.78 
38.15 

8.41 

10.65 
7.99 
9.58 

11.29 

1. 22 0 0 0 0 00 •••••• 00 ·-· 0 

A""'"~ 
Sharpless and 

Winchell. 

Do. 

Do. 

Do. 

Do. 

24 10.42 42.21 

fl. 78142.57 

43.18 1 4.19 0. 69 Sooty,veryslight- Peter Fireman. 

ly coherent. 

25 44.19 '3. 46 0. 91 Sooty, partly co- J. H. Fisk and 

herent. W.H.Hampton. 

26 11.94 41.48 37.85 '8. 73 1. 32 Sooty, noncoher- Do. 

cnt. 

27 15.45 41.55 34.95 8.05 2.55 \Viii not coke.... Thomas Price, 

28 
29 

30 
31 
32 

17.27 
11.00 

20.09 
1. 53 

1. 9.6 

4.66 
1. 08 

44.15 

41.00 

32.59 
42.82 
43.68 

38.54 
24.40 

32.40 6.18 
44.50 3.00 

41.98 5.34 
44.94 10.71 

51.11 "il· 25 I 
39.00 J '17. 80 
34.71 39.81 

1. 37 
00 ••• do 0000 ·---·· 

0.45 

~ ----- - ------------------
1 4.49 Does not coke ... 

1. 66 Partly brilliant 

and coherent. 
0.44 , __ ,do oooo .... 00 

0. 91 I \Vorthless. ___ 00. 

Do. 

.J. A. Fisk and 

W.H.Hampton. 

Do. 

F. A. Gooch. 

Peter Firm}'\au. 

Do. . I 
P.A.Goo~ 

. I Light brown. 2 Red. 3 Rrown. 4 Light yellow . 

Localities of coals given in foregoing table of analyses. 

1. Astoria. Mineral Resources of the United States, 1882, p. 94. 
Upper Nehalem coal fie.ld, Columbia County: 

2. Pebble Creek. See. 34, '1'. 4 N., R. 4 W. 
3. Pebble Creek. See. 34, T. 4 N., R. ,1 W. 
4. East Fork of Pebble Creek. Face at interior end of tunnel of Great Northern 

Coal Company. 
5. East }'ork of Pebble Creek. S. W. t sec. 23, T. 4 N., R. 4 W. At bottom of 

canyon. 
6. East Fork of Pebble Creek. NW. t sec. 23, T. 'l N., R. 4 W. At bottom of 

side ravine. 
7. East }'ork of Pebble Creek. Face of tunnel of Great Northern Coal Company's 

mine. Published by the company. 
8. East Fork of Pebble Creek. Face of tunnel of Great Northern Coal Company's 

mine. Published by the company. 
fl. Nehalem No.1. Locationf Published by Great Northern Coal Company. 
10. Nehalem No. 2. Location f Published by Groat ·Northern Coal Company. 

Lower Nehalem coal field, Clatsop County: 
11. Hodge Creek. Sec. 16, T. 3 N., R. 10 W. 
12. Hodge Creek. Sec. 16, '1'. 3 N., R. 10 W. 
13. Coal Creek. SW. t sec. 36, T. 4 N., R. 10 W 
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Yaquina coal field, Lincoln County: 
14. Shaw Place, 1t miles west of Toledo. Sec. 13, T. 11 S., R. 11 W. 
15. Four miles northwest of Toledo. See. 30, T. 10 S., R. 10 ,V, 
16. Yaquiua Bay. Noted by Sharpless an•l Winchell. 

Coos coal field, Coos County: 
17. Riverton coal (Timon's mine). 
18. Kight's mine, near Riverton; top. 
19. Kight's mine, near Riverton; mid•lle. 
20. Kight's mine, ncar Riverton; bottom. 
·21. Coquille. Sec. 23, T. 27 S., R. H ,V,; average. 
22. Coquille. Sec. 23, T. 27 S., R. 14 W.; above parting. 
23. Coquille. Sec. 23, T. 27 S., R H W.; below parting. 
24. Beaver Hill mine. Sec. 17, T. 27 S., R. 13 "·· 
25. Newport mine. Sec. 9, T. 26 S., R. 12 ,V, Shows distinct woody structure; 

thrown out by picker. 
26. Newport mine. Sec. !J, T. 26 S., R. 12 ,V, Selected by superintendent. 
27. ~ewport mine, Upper Beach. Sec. 9, 1'. 26 S., R. 12 W. Mineral Resources 

of the United States·, 1887, p. 289. 
28. Newport mine, Lower Beach. Sec. 9, T. 26 S., R. 12 W. Mineral Resources 

of the United States, 1887, p. 289. 
29. Durham. Published by Great Northern Coal Company, of Portland. 
30. Coos Bay. Exact location not known. Published by Great Northem Coal 

Company, of Portland. 
31. Camas Mountain, Douglas County. Tenth Census, Vol. XV, p. 788. 
32. Callahans, 11 miles west of Roseburg, Douglas County. 
33. Near month of Cavitts Creek, Douglas County. 
34. Blue Mountains. Tenth Census, Vol. XV, p. 788. 

HINDRANCES '1'0 THE DEVELOPMEN'r OF 'l'HE COAL FIELDS OF 
OREGON .. 

The coal fields of the Coast Range are covered by a growth of vege­
tation so dense as to greatly interfere with the coal prospector. A 
luxuriant undergrowth of vines and shrubs amid large numbers of 
fallen trees in the forests, especially in the ravines, where abundant 
moisture lingers th.J;oughout the summer, completely covers the slopes. 
The soft sandstone and shales readily crumble to soil, ftnd thus con­
tribute to the more complete covering of the underlying strata. The 
coal-bearing strata are all soft, like the coal itself, and crop out at 
the surface only along the lines of most rapid erosion-that is, along 
streams. In the gulches and ravines of small streams, where the force 
of the water in floods is not sufficient to sweep away the mass of logs and 
other rubbish, the outcrops are very few and prospecting is especiaily 
tedious; but along the la1'ger streams, as, for example, the Nehalem, 
which, during freshets sweeps its bed, the rocks are well exposed. 

The longer axes of the coal fields are more or less nearly parallel 
with the trend of the Coast Range, upon whose flanks they occur, and 
it would be expected that the streams descending from the range across 
the fields would give fine exposures, but the streams are generally so 
small that they afford meager outcrops. 

While the dense floral covering, by obscuring out~rops, hinders the 
prospecting of the coal fields, after· the mines are once opened the 
presence of abundant timuer is an advantage in supplying the demands 
of the .work. 



506 GEOLOGY OF NORTHWESTERN OREGON. [DILLER. 

The greatest hindrance to the development of the Oregon coal fields 
is the lack of transportation. All the navigable rivers and bays of the 
Oregon coast are obstructed by bars, which greatly interfere with nav­
igation. Formerly the depth of low water on the bar in front of Coos 
Bay varied in different seasons, with the shifting bar, from 9 to 13 or 14 
feet. Since the jetties have been built, the channel has been improved. 
In the four years 1881-1885 the number of vessels crossing the bar was 
1,118, of which 98 drew more than 13 feet of water. The entrance to 
Coos Bay is regard.ed as one of the best along the Oregon coast, the 
obstacles interposed to navigation by hars at other unimproved places 
being great. 

In the case of the Upper Nehalem coal field, however, development is 
not hindered by marine obstruction, but by lack of proper facilities 
for land transportation. Although the coal field is less than 30 miles 
from Portland, there is a divide between, which, taken in connection 
with the stream canyons and dense forest, presents considerable diffi­
culty in the way of railroad construction; anrl until railroad facilities 
are provided the Upper Nehalem coal fieldmust remain undeveloped. 

THE COAL INDUSTRY OF OREGON. 

Historicd note8.-The only coal of Oregon noted by Prof. James D. 
Dana in 1841 1 was thin seams in the shale near Astoria. He refers to 
the coal in the Cowlitz, and reports that "coal is 
coast north of Oregon and on Vaneouver Island." 
Prof. J. S. Newberry wrote: 2 

said to occur on the 
Fourteen years later 

Although tho fact has been frequently announced in the journals, no true coal had 
been found in California· or Oregon at the date of our arrival in San Francisco [May 
30, 1855]. About tho time of our arrival in San Francisco, however, the carbona­
ceous deposits on the shores of Coos· Bay began to attract the attention of the 
public, and it was confidently believed that there had at last been found beds of 
bituminous coal equal in quality to that importlld from the E.astern States; . 

Professor Newberry did not visit Coos Bay, but l1e saw several car­
goes of coal at San Francisco and Portland, and from the information 
furnished by others he reports as follows: 

This r.oal is interstratified with sandstones aiHl shales, which form·a series several 
hundred feet in thickness, the strata being very much disturberl by intrusion of 
trap rock, some of them being inclined at an anglo of 4fi0 • The beds of coal are 
found in the upper part of the series, being most fully developed on the shores of 
the bay, where the ~trata are much less disturbed than nearer Cape Arago. " ~ " 
Several of the strata associated with the coal are highly fossiliferous, most of the 
fossils being marine molusca. 

From the above statement by Professor Newberry, it is evident that 
coal was mined at Coos Bay and reached 'San Francisco as early as 
1855. From that time to the present there bas been at least one mine 
in continuous opt·ration. It is interesting to note that in the early 
report of Professor Newberry the highly inclined beds of Cape Amgo 

I U. S. Exploring Expedition under Commodore Wilkes. Geology, by J.D. Dana, Vol. X, p, 658. 
2 Reports of Explorations and Surveys for a Railroa~l from tbe Mississippi River t.o the Pacific, 

Vol. VI, Part II, p. 62. 



COAL. 507 

were distinguished from the more gently inclined- beds on the borders 
of Coos Bay. 

More detailed information concerning the coal is furnished by R. W. 
Raymond, who, in 1870, wrote 1 as follows: 

The Coos Bay coal deposit was examined during the year lJy Mr. William Ash­
burner, of San Francisco. It is composed of three seams, inclosed in sandstone, dip­
ping toward the northwest at an angle of about 15°. The two principal and lowest 
seams are each 2 feet 3 inches in thickness, of uniform quality, and separated by an 
intercalated stratum of sandstone 4 inches thick. The upper seam of coal, being of 
inferior quality and only 1 foot thick, is not removed hy the miners. 

Mr. Hugh Small, in 1872, claimed 2 tbat the Coos Bay mines gave 
"employment to a regular fleet of schooners that trade to San Fran­
cisco and other ports, 60,000 tons being shipped from ber mines last 
year." This large amount indicates considerable activity, and about 
that time there was great impetus given to coal prospecting in that 
region; but in 1876, according to Mr. Goodyear,3 the Eastport andN ew­
port mines were the only ones that had been successfully worked in the 
Coos Bay region, and of these only the Newport mine has survived. 

The following table shows the annual production from 1880 to 1895. 
These figures are compiled from the volumes of Mineral Resom;ces of 
the United States, published annually by the United States Geological 
Survey. 

Coal induBtry in Oregon from 1880 to 1895. 

~:r. Num- Total prod-
her of net in 
min~s. short tons. 

Average Numbe~ \Number I 
Value. price of days of men 

per ton. active. employed. 
--

1880 .... ---- ------ . 30,000 

1881. - -- - - - - ------ 30,000 -:::::::::: ~:·::::: ::::::::1:::::::~ 
1882 .... -· -- ------ 30,000 

1883 .... ---- ------ 50,000 

1884..-- - ---- ------ 50,000 

1885 ...... -- 44,643 

1886 ... - --- .c:::: 45,000 $112,500 --------
1887---- ---· 2 31,696 70,000 $2.75 

1888- .. _ - - .. - 2 75,000 225,000 3.00 

1889 ...... -- 2 64,359 163,650 2.60 

1890. -·----- 1 61,514 177,875 2.89 

1891. ..... -- 1 51,826 155,478 3.00 

1892.----. -- 1 34,661 148,546 4.29 

1893 .. - - - - - - 1 41,683 164,500 3.57 

1894 ...... -- 1 <17,521 183,914 

1895 ........ 4 73,685 247,901 3.36 

L-----·---- -----'----'--

•Mining Statistics West of tbe Rocky Mountains for 1870, p. 219. 
2 Oregon and Her Resources, 1872. 
•Coal Mines of the Western Coast, 1877. 

-------- --------
210 105 

245 160 

160 

208 

120 90 

192 110 

243 88 

I 69 4 414 

J 

4 Tbe apparently large number of men employed and small average working time is due to the large 
force of men employml in developiug tbe Beaver Hill mine, which was producing coal for shipment 
during ouly 20 days inl895. The average time made at the Newport mine was over 200 days per man. 
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I 

It has been stated 1 that the Coos Bay coal commands .a better price 
in San Francisco than any other found on the Pacific Coast, and on the 
other hand,2 that it" sells in San Francisco about $2 less per ton than 
Puget Sound coal of corresponding grade." There is also difference of 
opinion as to the use for which the coal is best adapted, whether for· 
domestic or for· steam-producing purposes. Mr. J. W. Harrison, of 
San Francisco, informs me by letter, dated December 20,1895, that the 
Coos.Bay coal is sold "entirely for house uses; being a lignite, it is not 
sooty, hence is preferred by housekeepers on account of its cleanliness. 
It is sold in San Francisco at fully 75 cents to $1 per ton less than Aus­
tralian coal, at $1.25 to $1.50 per ton less than British Columbian coal, 
and 50 cents per ton less than Seattle coal." 

IRON ORES. 

The most interesting deposit of iron ore yet discovered in the State, 
and the only one that has been worked to a considerable extent, is that 
formerly operated by the Oregon Iron and Steel Company, near Oswego, 
and about 8 miles south of Portland. The ore is limonite, and lies 
between sheets of basalt dipping northwest at an angle varying from 
200 to 30o. The following section (fig. 17) illustrates the. mode· of its 
occurrence. For many of the facts revealed along the drifts and tun­
nels of this mine I am indebted to Mr. William A. Pomeroy, who 
resides at the mine. The quotations are from a letter dated February 
19, 1896: 

The deposit is in the form of a b!ld, about 1 mile long and half a mile wide. The 
strike (nearly parallel with the greatest extent of' the ore) is about E. 15° N., and 
the dip a little west of north, From the surface down the slope for 200 to 400 feet 
the dip is· about 20° to 30°, but diminishes to an average of 8° to 10°. The ore is 
low-grade limonite or bog ore. It varies somewhat in hardness, color, and coillposi­
tion, owing to the varying amounts of silica and organic• matter. The range of 
analyses is ahont as follows: 

Composition of iron ore from near Oswego, Oreg. 

~ . ··-·····---

Metallic iron .................................. . 

Silica.... . . . . . . . . . . . . . . .. .................... .. 

P~oooC I 

30 _ 40 I 
7 - 15 

Magnesia.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 - 3 

Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 - 8 

I~ime...... .... ...... ...... ...... .... ...... .... . 2 ·- 4 

sphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. ~7- :_J· 67 . 
phur.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 3 - 1 

-- -------
•Statistics of the State of Oregon, by A. J. Dnfurs, 1869, p.lOl. 
•Resources of the State of Oregon, collected and prepared by the State Board of Agriculture. Min­

erals, by Herbert Long, p. 22. 
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From the southwest part of the outcrop down the dip 800 feet, the ore averages 38 
to 45 per cent of metallic iron, contains more alumina, less silica, and is soft and 
friable. Going east on the outcrop about 1,500 feet, a hard, blackish, flinty, highly 

·siliceous ore is fonnd. lt continues down on the dip about 200 feet and is 200 to 300 
feet in length. Altliough there is always more or less of it through ·the bed in 
streaks, in some places the whole becomes almost oolitic in appearance, and in those 
places it is richest. · Tl10 ore 
ranges in thickness from 2 to 
20 feet, averaging 5 or 6 feet, 
with tho irregul~r depressions 
and elevations of the lava sur­
face on which it was deposited . 

. As seen by the writer, 
the bed along th.e surface 
ranges from 2 to 8 feet 
in thickness, and it was 
traced for about a mile 
along the strike. The ore seen was generally brown, but varied from 
black to red. In some cases the red was associated with very siliceous 
material, reminding one very much of the red jasper found with some of 
the Lake Superior ores. The followiug analyses, published in the report 
of the· Tenth Census (Vol. XV, p. 4!.!7), shows a somewhat higher per­
centage of iron than that reported by Mr. Pomeroy: 

Percentages of iron and phosph(wus in ore from near Oswego, Oreg. 

Specimen 1165 was taken 
stock house at the furnace. 
the crystallized ore. 

from a pile of 150 tons . of ore from the 
Specimen 1167 was selected chippings of 

The underlying lava, on whose irregular surface the ore was depos­
ited, is dark-gray basalt, and usually very vesicular, showing that at 
the time of its extrusion it flowed out upon the surface. It is consid­
erably decomr>osed in plaees, and by the process of decomposition oxide 
of iron is liberated. This faet points to the adjacent lava slopes that 
snrrounded the small lake or swamp in which the ore was deposited as 
the original sonree of the iron. By ;mrface streams or chalybeate 
springs the iron was brought to the lake or swamp, where, under the 
influence of organic, eheruical, or mechanical agents, it was precipitated 
and accumulated to forn1 the bed of ore. 

At some points in the upper part of the ore bed logs are found, 
but they are most abuuuaut in the sand rock in places immediately 
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overlying the ore. Mr. Pomeroy collected some fossil leaves for me. 
He writes: 

So fnr fossils have been found only in the roof, none occurring in the bottom of 
the bed. At this western part of the bed there is 8 to 14 inches of loose sand rock 
between the ore body and tho hanging. This is found at the <iutcrop and continues 
for several hundred feet. The fossils are mostly in this saud rock, which is soft 
and easily friable, and presents more or le~s cleavage, sorr.e few isolated pieces 
of wood being found in the ore body itself, but always more or less completely 
silicified, and near tho top. The trees in place ha1'e their roots in the sand rock, 
which· is in some places 2 and 3 feet thick. The fallen trees, those in horizontal 
position, are found with a part of the trunk in tlle ore and sand rocic and part in the 
hanging. Some of these trees are almost perfect, showing bark and apparently no 
decay. These trees vary all th.e way from 5 and 6 inches to 3, 4, 5, and even 6 feet 
in diameter. They are riot found uulil you go down on the· dip about 700 feet, and 
then they become quite thick, and can be traced east and west almost in a straight 
line for some distance, evitlent~y showing an old water line. 

The fossil leaves in the dark, hard rock came from this locality; thoso in the 
lighter, softer rock came from farther np the slope, about 300 to 450 feet from the 
mouth of tunnel. 

After the ore was deposited with the locally overlying bed of sand, 
and the great forest trees, requiring perhaps centuries for their growth, 
had developed, the whole accumulation was covered up by another 
deluge of lava. ·The lava from this eruption is much more ~ompact 
and its contact surface much more even than that of the lava below 
the ore. In type, however, the two rocks are the same, but the erup­
tions must have been separated by a considerable interval, during 
which the bed of ore was formed. At that time tbe upper surface of 
the ore deposit must have been horizontal, and after the eruption of 
the lava that covers the deposit, or perhaps in connection with it, the 
beds were so disturbed as to be tilted at an angle of 20° to 30°. The 
date of this disturbance has not been fixed, but it certainly belongs to 
a late geological period. Professor Pumpelly regarded it as probably 
Tertiary, and states that "simila1· ores are forming to-day in the great 
marshes, from the chalybeate waters drained from the decomposing 
basalts of the Cascade Range." 

In order to determine, if possible, the age of the deposit, the fossil 
leaves collected by Mr. Pomeroy were submitted to Mr. F. H. Knowl­
ton, of the National Museum, for determination. In the small collec­
tion he could recognize only a few leaves, which, he says-
appear to represent a single species of narrow, thick-lcaYed oak. This is almost the 
same as Q·uercus elmnoides Lx., but differs in having a rounded insteacl of an obscure 
acuminate apex. The determination of the age on such imperfect data is obviously 
unsafe. The specimen of Quercus montionOll above is from the Miocene of Cali­
fornia, and the Prosser mine specimens are so close t.o it, if not indeed identical 
with it, that it is at most an indication that they may also belong to the Miocene. 
But more and better material will btl necessary before thi8 can be settled definitely. 

The ore of the Prosser mine was used in 1865 1 by the Oregon Iron 
Company in a furnace at Oswego, about 2-2- miles from that mine. The 

1 :Mr.J.Ross Browne (Report to the Secretary of the Treasury on the Mineral Resources ofthe 
States and Territories west of the Rocky Mountains, 1868), in considering the mineral resourues of 
Oregon, f[UOtes largely from the Oregonian, whose files afford so full a record of the development of 
the various industries within tho State. 
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mine consists in general of three slightly converging inclines, running 
down the slope of the bed for nearly a thousand feet, and some of the 
ore has bem~ taken out upon both sides. · The capacity of the mine in 
1880 was estimated at 20,000 tons a year. During that year it worked 
ouly three and two-thirds months, and yielded 6,225 tons. In June, 
1895, the mine was not in operation. 

1\'Ir. Pomeroy says: 
On the south sille, all(l near the east end of Tualitin Lake, is a deposit of iron ore 

almost identical with the Prosser oro bed, known as the Patton bed, the dip, strike, 
foot, and banging, and ore being almost the same, but it is quite· limited iu extent. 
In an air line the two deposits are from 1t to 2 miles apart, the deep, narrow lake 
and swamps intervening. 

There is a third, though very small quantity, about 50 feet or more lower in eleva­
tion and just east oftbe Prosser bed, about one-half mile from its east end, where it 
terminates abruptly against a basaltic ridge or cliff 100 to 150 feet in height. This 
bed bas tho same strike, but dips sout-h toward the lake. The oro is very similar to 
the Prosser ore. 

An analysis of ore from one of these localities, taken from the Tenth 
Census, is given in the last table, column 1167. 

Limonite is a widely distributed ore of iron in western Oregon, and 
is generally associated more or less directly with igneous rocks, The 
soil of basalts nearly everywhere is full of small, earthy, shot-like con­
cretions, composed of limonite, and their presence in the soil may 
always be taken as evidence of its derivation from a rock rich in iron. 

On the North Fork of the Scappoose, about 2.5 miles northwest of 
Portland, a deposit of limonite occurs at the Raffety and Payne mine, 
from which about 400 tons of ore is said to have been removed. Its 
outcrop is upon a sharp spur in a short turn of the stream, at an ele­
vation of about 450 feet above the sea, and nearly 300 feet above the 
stream. There has been no underground work, and the deposit is not 
well exposed 'at the opening. It lies between very much decomposed 
eruptive rocks. Near by, the eruptives are less altered and retain.the 
vesicular character and crystalline structure which clearly indicate 
their igneous origin. The ore is said to have been traced along a very 
steep bluff upstream for nearly one-half mile. .M:r. Herbert J~ang 
reports 1 the following analysis of the ore at this locality: 

Analy8is of ·i1·o11 ore from the Ba.ffety and Payne mine, on the North Fork of the Scappoose. 

~--

I

. Silica ____________________________________________ __ 

Alumina __________________________________ , _______ _ 

Sulphuric acid .. __________________________________ __ 

! ~::t~:.~~~~~ _a_c_i~~ :::::: :: :::: ::: ::: :::: :::::::::: _::: 

l'er cent. 

1. 25 

5.27 

3.22 
0.34 

15.54 

Ses<iuioxide of iron _____________________ - ________ --_-_---------'--- 74 46

8 

I 
TotaL . __ . ___________________________________ _ 

------~ --

1 Tho Itesource8 of the State of Oregon, compiltltl aml preparetl Uy the State Board of Agriculture, 
1892, Jl· 2G. 
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We were informed of an iron mine near Mr. West's, on tbe road from 
Greenville to Manni11g, but upon examination found only a ditch with 
a slimll quantity of limonite close to a rotten igneous rock. The rock 
is in general so thoroughly decomposed as to be recognized with diffi­
culty, although in some places its original vesicular structure is still 
pres~rved. Mr. West said that some of the ore had been taken to 
Oregon City and pronounced good. This may well be, but the quantity 
of ore present appears to be small. · 

I<'arther up the West Fork of Dairy Creek, near Manning's, limonite 
occurs at several localities. At sec. Hi, T. 2 N., R. 4 W., a short dis­
tance west of Mr. l\'lanning's, there is considerable limonite, like tbat 
at Scappoose and Oswego. It is not so clearly associated with erup­
tive rocks as at Oswego, although basalts, both fresh and altered, 
occur·in that vicinity. Only small pits have been dug in prospecting 
for the ore. While it is evident that the body of the ore present at 
this place is not large, it is equally apparent that ~nder favorable cir­
cumstances, which do not now exist in that region, it would be worthy 
of attention. Similar masses of bog ore occur in a swampy tract a 
short distance southeast of Manning's, and at many points tllrough 
the country, wherever circumstances were favorable, the oxide of iron 
resulting from the decomposition of the eruptive rocks accumulated to 
form deposits of limonite. Fine samples of limonite were seen at the 
hotel in Vernonia, ami several miles southeast of that town is a fer­
ntginous sandstone; but these were not seen in place. Such ore 
occurs at a number of points in the Coast Range, but all the localities 
at which it has ever been mined, as far as known to the writer, have 
been mentioned. 

An entirely different class of iron ore oecurs among t1le older rocks 
of the Klamath Mountains, in the southern part of the State. Mr. 
Uorning, of Corvallis, gave me a fine specimen of magnetite, from 
Josephine County, in tbe southern part of the State. Its composition 
has not been determined. If this ore occurs in abundance at tbe 
locality indicated, it will doubtless be of importance some day as a 
source of iron ore. 

Oregon produced a small amount of pig iron in 18D4, but reported no 
iron ore mined. 

In 1880 Oregon was seventeenth among 23 iron-producing States. 
In 1889 Oregon was nineteenth among 28 iron-producing States. 
In 1893 Oregon was twentieth among 25 iron-producing States. 

SANDSTONE. 

The rocks of tbe Coast Hauge of Oregon are chiefly sandstones, shales, 
and basalts. Although widely distributed, they are not all of economic 
importance. The shales are of but little usc. The caleareous nodules 
they contain, in some plaees abundantly, have been burned to lime, but 
tbe amount is very limited. 
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The sandstones are quarried in many places for buildiug purposes. 
Those near the coast are generally soft, and are used chiefly in the con­
struction of jetties. At Tillamook Bay and Coos Bay they are quarried 
for this purpose within easy reach of tide water. 

The principal sands.tone quarry of western Oregon is the one at 
Pioneer, on the Yaquina River, in Liucoln County. At that place the 
sandstone oeeurs in massive beds and affords an excellent building 
stone. Being soft, it is easily shaped, and yet is durable, with a good, 
gray color. The heavy beds allow it to be quarried in large pieces, in 
some cases 10 feet thick. It is carried by railroad from the quarry to 
tide water, and then towed on barges down the bay~ The rock dips 
gently, and a great mass of it is exposed, so that it will furnish mate­
rial for some time to come. During 1895 there were many tons of rock 
shipped from this quarry, and nearly all of it went to San Francisco. 

About 5 miles south of Forest Grove, in vVashington County, at 
Boose's quarry, a"' solid dark-gray samlstone is quarried for building 
purposes, and is quite extensively used in the surrounding country. 
The rock contains numerous Miocene fossils. 

At several points a few miles south of Corvallis, and at Monroe, still 
farther south, in Benton County, consicierable sandstone has been 
quarried, but for local use only. 

About 2 miles from Jefferson, Marion Coimty, a sandstone bas been 
quarried and used by Mr. F. Wood, of Albany, in the construction of 
monuments. It is of dark-gray color, easily cut, and occasionally 
shows upon a fresh fracture irregular areas of bright reflections from 
the calcareous cement which holds the sand together. The rock, being 
fine-grained, receives delicate carvings, and was used for the ornamental 
mem·orial stone from Oregon in the Washington Monumt'nt at the 
national capital. Small cubes of this sandstone are said to have been 
tested, and found not only to have a high crushing strength, but to 
stand fire well. This would be expected from the nature of the sand, 
which is made up largely of volcanic material. Characteristic fossils 
occur in this region as well as near Corvallis, showing that the sand­
stone belongs to the Bocene formation, and may be older than the 
sandstone at Pioneer and the Coast Range farther northward. 

Sandstones are especially abundant in the Coast Range south of the 
latitude of Eugene City, and are well exposed along the Umpqua and 
Coos rivers and the forks of the Coquille. A great bluff of sandstone 
forms the eastern escarpment of the range from 'l'yee Mountain and 
Coles Valley to Camas. The same rock continues farther southward, 
lapping over the older strata, but in places it gets coarser grained, and, 
rising higher in the mountains, is less available. Along the coast, 
however, it is much more easily reached. Near Port Orford, and per­
haps at other p,oints south of the district embraced in this rcconnais-

... sance, the sandstones have been quarried for the San Francisco market. 
17 GEOL, P'l' 1--33 
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LIMESTONE AND MARBLE. 

It is well known from the publications of Mr. Herbert Lang that lime­
stone, sometimes in the form of marble, occurs in a number of places in 
the Klamath Mountains of southwestern Oregon, as, for example, near 
Rocky Point, in Jackson County; and on Williams Creek, in Josephine 
County. Farther northward, on the borders of the Willamette Valley, 
in lVIarion and Polk counties, shell limestone is said to occur. 

There is also an interesting occurrence of marble in Douglas County, 
less than a dozen miles southeast of l!oseburg. The narrow belt in 
which the lenticular masses here and there crop out extend northf'ast 
from the Umpqua toward Peel for a distance of at least 20 miles. The 
outcrops best known are at Cooper's, Flint's, and Whitsett's, and at 
the quarry of the Variety Marble Company, of Roseburg. At the first 
two localities it has been burned for lime. At the last locality a mill 
was erected to saw the marble into slabs, and so'ine of it has been 
used in Roseburg. The mill was not running in the summer of 1895. 
The marble is one of remarkable beauty, being handsomely variegated 
with red, ,Y-ellow, gray, and white. Much of the rock is mottled gray, 
with a multitude of white veins, while other portions are brecciated 
with brilliant shades of red and yellow, veined with white and irregular 
areas of gray. The marble, when well polished, is one of the most 
beautiful variegated marbles of this country. It appears, however, that 
different portions of the mass vary considerably in hardness, rendering 
it somewhat difficult to work. Furthermore, the quantity exposed at 
the quarry is quite limited, although farther southward in the same 
belt larger lenticular masses are exposed . 

• 
BASALT. 

Under this head are included the modern lavas so extensively used 
for road metal at many places. At Portland they form a portion of the 
heights, and they occur at many points throughout western Oregon. 
This rock forms the falls of the Willamette at Oregon City, and many 
of the bills throughout the great valley, the fertility of which is largely 
due to the rich soil furnished by the alteration and disintegration of 
tl1e lavas. 

It is well known that this rock stands among the very best materials 
obtainable for road construction. In large cities it is sometimes used 
in the form of paving blocks, but also in the form of fine stones for 
macadamizing. It is thus employed quite extensively in Portland. 

One m.ile south of Dilley, in Washington County, in this sort of rock, 
is the county stone quarry for road metal. A crusher is located here, 
and the crushed stone is hauled a long way. The good roads of that 
region show the wisdom of such practice. 

Basalt is one of the most solid and enduring rocks, but its hardness 
and tenacity render it comparatively difficult to trim. On account of 
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its somber color it is little used for building, excepting for foundations, 
and for _this purpose it has a wide application. It frequently possesses 
a columnar jointing that cuts it up into pieces too small for building 
stone. Occasionally columns are sufficiently regular to be used for 
fence posts without further triniming. This is especially tl•e case .along 
the Rhine, in Germany. 

According to the official report 1 on the stone industry for 1894, gran. 
ite is quarried in Jackson and Columbia counties; diabase in Linn 
County; basalt in Clackamas and Linn counties, and andesite in 1\'Iult­
nomah County. The value of the granite quarried iu Oregon in 1890 
was $44,150; in 1891, $3,000; in 1892, $6,000; in 1893, $11,255; in 
1894, $4,993. The rocks classed above as granite, diabase, basalt, and 
andesite are all of ig·neous origin. In the trade, names of rocks are 
frequently used without careful discrimination, and they may have to 
be changed when the rocks are studied. 

GOLD. 

In recent years the gold-mining industry of western Oregon has been 
steadily growing in importance. According to the report of the 
Direetor of the 1\'Iint, the counties west of the Cascade Range ranked 
as follows in the production of gold in 1894: 

J os~pbine County ... __ .................... -- .. 
Coos Co11nty ................................. . 
Jackson County .............................. _ 
Douglas County .. __ ... __ ..... -. -- ......... -- .. 
Lane County .... _ .. _ .. _ ... __ ...... _. _ ... _ .... . 
Curry County .. __ ............ ---- ---: ---- .. -- . 
Linn County .... _ ............................ . 
Benton County. _____ ...... _ .................. . 
Marion County .......... -- ................... . 

$123,676.61 
109,353.77 
107,647.00 

70,879.38 
32,500.00 
8,800.00 
5,000.00 
2, 045.00 

985.00 

The profitable production of gold in western Oregon is confined 
almost exclusively to the areas of the older rocks, such as those of the 
Klamath Mountains. They are the same as those of the Sierra Nevada 
of California, which have long been celebrated for their metallic wealth. 
None of the producing quartz mines lie within the region of this recon­
naissance, although much was heard of them, and some fine specimens 
were seen from the mines in the southern part of Coos County and the 
eastern part of Lane County, where active mining operations are now 
being carried on. 

Although the greatest production is in the Klamath Mountains, there 
is at present considerable activity at various points along the western 
slope of the Cascade Hauge, as, for example, in the Bohemian -region, 
near tl1e boundary between Lane and Douglas counties, as ·well as on 
the McKenzie Fork and at Quartzville, in Marion County. 

In the northern portion of the Coast Hauge, near the borders of 
Clatsop and Columbia counties, there has been much prospecting, but 

I Sixteenth Ann. Rept. u. s. Geol. Survey, rt. IV, ·PP· 444 and 461. 
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no productive mines have yet been worked. The Rock Creek mines, 
which are most.easily reached from Vernonia, are located in.altered, 
igneous rocks, closely related to basalt. They are probably of Eocene 
age, and belong to the mass which forms the core of the Coast H.ange 
from .Saddle Mountain to Vineyard Hill, near Corvallis. They arc con­
siderably changed since their emption, and while it is possible that they 
may contain metalliferom; deposits of economic value, the presenGC of 
these is not yet certainly known. · 

On the North Fork of Myrtle Creek the placer mines are worked to a 
.very limited extent; These are said to have once been the most exten­
sive placer mines of souLhern Oregon, and are supposed to have pro­
duced upward of $80,000 annually. They lie within the area covered 
by the Roseburg sheet, and will soon be mapped in detail. 

Among the most interesting of the mineral resources of the region 
embraced within this reconnaissance i8 tlle auriferous black sand near 
tlle coast. This is found chiefly in Coos County. These sands were 
carefully studied, over part of the area, in the spring of 1895, by 
Messrs. Sharpless and Winchell; their report is not yet published, 
but the writer has been permitted to consult it and quote from it. 

Although the writer passed through the same region and visited 
some of the l..rtines, he rt>mained there only a short time, hoping to avail 
himself, as he now does, of the results obtained by the detailed observa­
tions of Messrs. Sharpless and Winchell. According to these observers, 
the auriferous black sands occur along the beach for some miles north 
of the mouth of the Coquille, and extend inlall!l about 2 miles, attain­
ing au altitude, along the eastern margin, of nearly 100 feet above 
the sea. · 

The deposits in question are beds of more or less stratified sand and gravel, in 
which are embedded many trunks and stumps of trees, some of great size, and spe­
cies, such as redwoofl, known to exist only in California. Tho sand consists mainly 
of grayish-colored silica and feldspar. It also contains garnets, rubies, magnetite, 
ilmenite, chromite, and metallic gold, platinum, and iridosminc. The washing and 
blowing of the sand on the beach tends to concentrate the gravel and bowlders into 
certain strata, and tho heavy minerals above-mentioned into others. It thus hap­
pens that the bowlders are mainly confined to tho lower portion of these sand deposits, 
while tho heavy sand, containing a relatively largo percentage of black saud and of 
the precious metals mentioned, lies just above, in bedH which vary in thickness from 
a few inches to 10 or 12 feet. On top of the black sand is a varying depth of gray 
saml; near the beach it will vary from 3 or 4 feet to 30 feet, while a mile away from 
the beach it will vary from 30 to 60 feet. 

Gravel streaks occur all through the sand at irregular intervals, but the pebbles in 
the upper strata are seldom larger than 1 inch in diameter. 

The bowlders are of many varieties, but siliceous rocks are most numerous, and 
those of petrified wood are frequent. It is worthy of note that many of these bowl­
ders of silicified wood are partly or wholly black, indicating that they were partially 
lignitized before boiug silicified. Bowlders of porphyry, of diabase, and of other 
ba~ic siliceous rocks are.present, as are also fine greenish conglomerates. 

The fine sand contaius beautifully perfect crystals of garnet, ruby, and the iron 
minerals, besides some green mineral not determined. 

The gold present in these sands is in the form of minute scales of native gold. 
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These yellow scales or flakes frequently assume tho shape of sin all cups or basins, and 
are thus easily moved hy flowing water or moving currents of air. Indeed, when 
exposed to the air and again immersed in water they will frequently float with per­
sistency on the surface of the liquid, on account of the minute <tir bubbles which 
collect upon them. In processes of cotwentration, whether natural or artificial, they 
are thus gathered together with the iron minerals of considerably less density, but 
more compact and rounded form. It is due to this fact that the larger part of the gold 
is found in the black streaks and layers, wl1ile the gray sand contains scarcely any. 

The· si:r,e of these gold flakes or ''colors" varies widely, some of them are so small 
as to be barely visible with the unaided eye, and others are mie-sixtecnth or even one­
eighth of an inch in diameter. Ou account of their extreme t:enuity the prospector 
is inclined to overestimate the value of the gohl in the sand which he is prospecting 
with a 1mn. Thus, when from 20 to 30 colors are found in a pan, it is usually con­
cluded that· that sand is well worth working, and ~ill run $2 or $3 to the cubic yard. 
This we founu to be a mi~taken estimate. As a matter of fact, the value of 600 
colors is but I cem, and if 200 shovelfuls of 10 pounds each should each yield 30 
colors, the value of the ton of sand thus treatetl wonlll amount to but 10 cents. In 
this fact lies one fruitful source of disappointed hopes and unsuccessful enterprises 
in the working of auriferous black sands. 

The pan is a convenient prospector's implement, but it gives merely a relative test, 
and should be checked by some absolute determinations, such as assaying or careful 
weighing of the colorH obtained. 

Messrs. Sharpless and Wiuehell. examined many samples of sand, 
both gray and blacb:, and tltey say: 

Taking together all of the gray sands, we have 7.2 cents per ton as about the aver­
age value. It will be seen from this table that the amount of gold in the gray sand 
is ext.remely small-with hut two possible exceptions, too small to treat the sands 
with llrofit for its recovery. The black sands, however, contain a sufficient quantity 
of gold to make their treatment a subject worthy of serious consideration. 

The average value of ten samples of black sand given in the table 
referred to above is 55 cents :per ton. Some of the samples were from 
the beach; others were from mines near the eastern limit of the black­
sand area. The samples from the beach were much the richest in gold. 

Of the valuable metals contained in the Oregon black sands, plntinum is one of 
some importance. All records go to show that it has been found in greater or less 
quantity wherever gold has been found on the Pacific Coast. Of the samples taken 
by ourselves not one of those assayed yielded more than a trace of platinum, but 
samples from adjoining properties submitted to ns for examination, samples that we 
have every reason to believe were honestly taken, yielded about two-tenths of an 
ounce per ton in the sand and 3.47 ounces per ton in the concentrates. 

Platinum was found at three }Joints by us when panning with the shovel, but, as 
noted above, only traces were found when the original samples were assayed. 

The concentrates which w~>re made while we were on the beach carriefl no plati­
num. Of several samples of concentrates made }Jrevious to our arrival, and later 
examined by us, only one carried au appreciable amount of platinum. 

vVe therefore come to the conclusion that the platinum is not distributed in any 
uniform ratio with th~ gold through the saud, and can therefore not be depended 
upon as a constituent of value; at least its presence can not be depended upon so 
that profit may be calculated' from it." 

We believe beyonfl doubt., however, that at some point in the district under con­
sideration the concentrates would show sufficient Illatinilm to pay for its extraction 
if mining operations were in progress. 

One sample of concentrates containing both gold and platinum was treated in 
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the following manner: The concentrates were allowed to stand under a weak solu­
tion of potash twenty-four hours. Mercury was then added, and 92 per cent of 
the gold was amalgamated; the residue was treated with the magnet to remove 
magnetic iron, and subsequently concentrated again. The last concentrate was 
resmelte<l. The results showed that. about 80 per cent of the platinum in tho 
original concentrates was sa\•ed, about 10 per cent was carried with the magnetic 
iron, and about 10 per cent was washed away by water in the reconcentration. 
\Vhile this method is accompanied by a loss of 20 per cent of the metal, it is so simple 
that a concentrate carrying twenty-frye one-hundredths of an ounce of platinum 
per ton can be treater! with profit. A more complete extraction would be obtained 
by direct smelting or by amalgamating in an acid solution, but the accompanying 
cost wonl<l prohibit the treatment of any material carrying less than 1 ounce 
per ton. 

Chemical examination of the black sands of California and Oregon has frequently 
shown the presence of small quantities of the metals iridium and osmium, in some 
cases occurring as iridosmium, and in others alloyed with platinum in Yarying ·pro­
portions. Our examination failed to show any appreciable quantity of these metals, 
so we do not think that their preseneo can be relied upon as a source of profit. A 
sample of concentrates snbmitte<l by Mr. Smith from all adjoining claim showed 
over an ounce of iri<losmium per ton. When working on an extensiYe scale, the 
concentrates would probably often show traces of these metals, and when present 
in Yery small q uantitios they would pay for extraction. 

Iridium is quoted at ahont $15 per ounce, anrl osmium at $60 per ounce. These 
metals would be recovered with and in the same manner as the platinum. 

Sharpless and Winchell considered the value of the ores of iron and 
chromite in the black sand, and also a possible use of t.he black sand 
in the manufacture of abrasives, but came to the conclusion that at 
present they are of little if any value to those working the black sands. 

'.rhe auriferous black sands along the coasts of Oregon aud California 
have been known for many years, a11d many attempts have been made 
to extract the gold, but it is so fine that nearly all efi"orts to save it 
haYe failed. Within the last few years a machine, known as the 11 Ross­
man concentratOI'," has been constructed and successfully used in the 
northern part of Curry Uom1ty. The same apparatus was tested by 
Sharpless and Wincllell with good results, and in their report they fully 
describe the macl1ine as affording the most promising method known 
at present of recovering the valuable contents of the black sand. 

In September, 1895, when the writer visited the Pioneer mine, on the 
road between Empire and Bandon, in Coos County, active preparations 
were being- made to use the Rossman concentrator. The mine used to 
be known as the Lane mine, and is now operated by C. F. Allen, J. A. 
Rupert, and several associates. It is located near the head of a ravine 
about a mile and a half from the ocean, at an elevation of less than 100 
feet. The layer of black sand is about 5 feet thick, and is usually 
richest near the bottom. An ordinary shovelful, panned upon the 
shovel itself, yielded about 40 colors. The sand at this' point is evenly 
stratified and looks as 1f regulady water-laid. At the base of the black 
sand are occasional logs, in which the wood is well preserved. Mr. F. 
H. Knowlton has examined a specimen of the wood from one of these 
logs and pronounces it redwood, which at the present time is not known 
to grow north of the California line. 
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Three sample8 of the black sand were taken from the black-sand 
layer; one near the bottom, another near the middle; and a third near 
the top. The 8amples w:ere small, and not intended for quantitative 
analyses, the chief aim heing to get a general idea of its mineralogical 
composition, leaving a more detailed investigation until the maps of 
the region are completed. Although the black sand is generally com­
posed of essentially the same minerals, they vary in relative abun­
dance from place to place .. It is remarkably beautiful when viewed 
und<'r a microscope, owing to the great variety and brilliancy of the 
colors. 

The sample from the basal portion of the layer in the Pioneer mine is 
composed chiefly of garnet, magnetite, ilmenite, and chromite, with a 
smaller amount of staurolite, zircon, epidote, and gold. In determin­
ing the mineralogical composition of the sand, it was first divided into 
two portions by means of a small hand magnet. Some of the magnetic 
material gave a strong reaction for titanium. so that ilmenite as well 
as magnetite is present. 

The nonmagnetic portion of the sand still contained a large number 
of lustrous coal-black grains intermingled with pale purple and clear 
red grains, and a smaller proportion of reddish-yellow and eolorless 
or pale yellowish and yellowish-green grains. Treated for a number 
of hours over a water bath with hydrofluoric and sulphuric acid, the 
purplish and clear red grains, as well as the yellowish-green ones, 
disappeared, but the others were not appreciably affected. 

Under the microscope the purplish and clear red grains are found to 
be completely isotropic, indicating that they are isometric, and probably 
garnet, of which they have the luster and hardness. The purplish 
grains are usually angular; but of the red variety, rounded grains and 
well-defined trapezohedral crystals are most common. They look like 
rubies, but are distinguished by their form and chemical reactions. 
When fused with carbonate of soda and treated with nitric acid they 
yield a pink solution, due to the presence of manganese, hardly deep 
enough in color, however, to indicate spessartite. The purplish grains 
treated in the same way did uot give a decided reaction for manganese. 

The greenish-yellow grains, when crushed, are found to be pleochroic, 
from colorless to light yellow, and yield brilliant colors between crossed 
nicols, suggesting that the grains are epidote. 

The acid reaction noted above _removes the ilmenite and magnetite, 
but leaves a dark mineral which crystallizes in regular octahedrons 
with truncated edges. When crushed it is found to be brown in trans­
mitted li~ht, and with salts of phosphorus gives a strong reaction for 
chromium, showing that it is either picotite or chromite. 

The eolorless to pale yellowish mineral is generally in wheat-shaped 
grains, thick in the middle and tapering both ways, with ends well 
rounded by attrition, but occasionally the crystal terminations are 
well preserved. The mineral is infusible and doubly refracting, with 
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parallel extinction. The crystals are generally in the form of square 
prisms with simple pyraznidal terminations like zircon, but occasion­
ally forms like that illustrated by Dana (Text-.book of Mineralogy, 1877, 
p. 283), from McDowell County, N. C., appear. 

The reddish-yellow grains are infusible, do not become magnetic, and 
have a specific gi·avity below 4. Between crossed nicols they yield bril­
liant colors, and are pleochroic, like staurolite, from honey to reddish 
yellow. 

It is probable t.hat there are other minerals in the sand, but in the 
small amount examined these were the only ones seen. 

Gold is much less abundant than any of the other minerals already 
mentioned, but yet so plenty that a small shovelful yielded 30 to 50 
minute colors. No platinum or iridosmine was seen. In searching for 
these minerals, 80 grams of saud was takeu and reduced by fusion with 
potassium bisulphate and potassium fluoride, but no certain trace of 
either metal was found. This is not to be wondered at, when we con­
sider the variability in the composition of the sand and the small 
amount treated. 

An assay was made of the same material, but only a trace of gold 
was found, and no platinum. 

The source of the black sand is to be found iu the crystalline rocks 
of the Klamath Mountains, which, like those of the Sierra Nevada of 
California, part of th·e west slope of the Cascade Range, _and the Blue 
Mountains of eastern Oregon, belong to the auriferous slate series. 
These rocks contain not only the gold, but the silver, nickel, platinum, 
and other rarer precious metals, besides a large portion of the iron 
ore, and on this account the Klamath Mountains and the Blue Moun­
tains must be regarded as the most important sources of metalliferous 
wealth in the State of Oregon. 
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l1 URTHER CONTRIBUTIONS TO THE GEOTJOGY OF THE 
SIERRA NEVADA. 

By HENRY W. 'l'URNlCR. 

C R A P 'l' E J~ I. 

GENEHAT~ REMARKS. 

The following notes on the rocks of tl1e Sierra Nevada may be con­
sidered as supplementary to a paper on the same snbje<~t published in 
the Fourteenth Ammal Report of the United States Geological Sur­
vey. As was noted in the first paper, the writer's iuYestigations cover 
two portions of the range, one portiou being a Rtrip 30 miles wide just 
south of the fortieth parallel, embracing the area eovered by tl~e Chico, 
Bidwell Bar, alHl Downieville_ atlas sheets, and thn other lying chiefly 
to the south of the Oosumnes River, or approximately of latitude 380 30' 
north. 'l'he accompanying diagram (PI. X VII) shows the disposition 
of the atlas sheets, under which headings the diRtriets will be described. 
The sheet8 represented on Pl. XVII have not all been topographically 
mapped. The Dardanelles sheet may be finished in the season of 1896, 
but for the completion of the topographic work in the following areas 
no definite date8 can be assigned, 11amely: Oakdale, BridgPport, Mount 
Dana, Merced, Mariposa, Mount Humphreys, Rishop Creek, and Inde­
pendence. The topographic mapping of the areas noted on Pl. X VII and 
not mentioned in this paragraph is finished and the maps are in print. 

Mr. vValdemar Lindgren has acquired a large amount, of inforwa1 ion 
concerning the district across the central part of the range from Sacra­
mento to Lake Tahoe, or between the two areas studied by the writer, 
and the geological maps of that Heetiou have been prepared by him or 
under his direction. His notes, when published, will add much to our 
knowledge of that portion of the range. 

The writer is indebted to Prof. I, V . .l'irsson and Prof .• J. P. Iddings 
for friendly criticisms, and to the chemical division of tl1e Geological 
Survey for accurate analyses, without which the petrographic part of 
this paper would have small value. All the photomicrographs illus­
trating the chapter on rock classification are from photographs taken 
by Prof. J. V. LewiR. 

529 
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THE SIERRA NEVADA AS A WHOLE. 

In a paper on the succession of the igneous rocks 1 the writer pub­
lished a small geological map of the Sierra Nevada, which is produced 
herewith with slight additions and in colors (Pl. XVIII). 

The Sierra Nevada as a topographic unit may be described, following 
Whitney,Z as the mountain area lying to the east of the gl'eat valley of 
California and to the west of the Great Basin, extending from near the 
Tejon Pass at the south eud of the Great Valley to Lassen Peak on the 
north. As thus defined, the range lies wholly in the State of Califor­
nia, except the high granite spur just cast of Lake Tahoe. Dillerl has 
suggested, however, on geological grounds, that the range be limited 
on the north by the lavas of the Lassen Peak region, in the neighbor­
hood of the North Fork of the Feather Hiver, for to the north of this 
line there existed during Oretaceom; time a great depression, which 
late in the Tertiary was filled in by the lava flows of Lassen Peak, 
which Diller considers as geologically related to tlw Oaseade range. 

A little to the west of the Tejon Pass, aceordiug to Whitney,4 "we 
pass at once from undisturbed Tertiary .to strata of the t,;ame age which 
are elevated at a high angle, and in so doing we leave the system of 
the Sierra and pass to that of the coast ranges." In a previous paper5 

the writer suggested that this line, separating little disturbed and 
highly disturbed beds, probably represented a liue of faulting, the con­
tinuation of which farther north is apparently followed by the San Joa­
quin and Sacramento rivers. As is well known, the upper Cretaeeous 
and Tertiary strata to the east of these rivers in the Sierra Nevada lie 
nearly horizontal, while to the west of it they are at nearly all points 
deformed. Adopting Diller's restriction of the range at its north end, 
the Sierra Nevada may be considered as terminating on the north a 
little to the north of the North Fork of the Feather River; on the east, 
at the west edge of the Great Basin; on the SQuth, at the MQjave Desert, 
and on the west at the hypothetical line of faulting above indicated, and 
in the Great Valley at the San joaquin and Sacramento rivers. The 
~astern part of the Tehachapi Mountains will thus fall in the Sierra 
Nevada system. The geologic map (Pl. XVIII) shows the range as 
thus restricted, the broken lines on the east and south being the line 
separating the Sierra Nevada from the Great Basin and the MQjave 
Desert. That portion of. this line between Owen and Mono lakes and 
the portion cast of Lake Tahoe coincide with a probable line of fault­
ing, along which the Sierra has been elevated or the Great Basin 
depressed (or perhaps movements in both directions have occurred) in 
Tertiary time. 

I Jour. of Geology, Vol. III, pp. 385-414. 
•Auriferous Gravels of the SiHrra Nevada, p. 7. 
a Eighth Ann. Re11t. U.S. Geol. Survey, p. 404, and Pl. XLV. 
•Geology of California, Vol. I, p. 167. 
• Am. Geologist, Vol. XIII, p. 248. 
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The Sierra N evacla, as thus outlined, appears to constitute a block of 
the earth's crust that has been quite rigid since middle Cretaceous 
time, although it has since, in common with most of California, experi­
enced a considerable elevation, and there has been displacement by 
normal faults within the mass, partieularly in Plumas County, at the 
north end of the range. 

In another respect also the Sierra may be considered a geological 
unit. The Tertiary lavas throughout the mass that have the widest 
distribution are very similar at distant points and unlike Tertiary lavas 
in other adjacent areas, especially as to the form of their occurrence 
and their relation in time. Thus the oldest flows of large extent were of 
rhyolite, succeeded by hornblende-pyroxene-andesite, chiefly in the form 
of tuff and .breceia. This relatiou does not appear to hold good in the 
Lassen. Peak region, aecOL'ding to Diller, or in the Great Basiu, accord­
ing to King and Iddings. The sediments of which the Sierra Nevada 
are in part comvoscd are presumed to have been derived chiefly from an 
Archea11 land mass lying west of the central part of the State of Nevada, 
although it is by no means impossible that an Archean land area once 
existed ou the site of the present coast ranges, and in that case part of 
the sediments may have been derived from the west. It is probable 
that there arc, within the Sierra Nevada, formations ranging in age from 
Archean or Algonkian to recent. Excepting, however, some Silurian 
fossils at the north end of the range, no evidence from fossils has thus 
far been found of rocks older than the Carboniferous, although in the 
north west extension of the Auriferous slate series of the Sierra Nevada 
in Siskiyou and Shasta counties, Diller and .Fairbanks have collected 
Devonian fossils. Ev:idence of the existenee of Archean gneisses will 
be given in this paper. On the geologic map (Pl. XVIII) only the older 
formations, constituting the Auriferous slate series, with the associated 
igneous rocks, are represented. On this nmp the Paleozoic corresponds 
with the Calaveras formation of the Gold Belt maps; the two narrow 
belts of J uratrias on the west slope of the range are the Mariposa beds; 
the Juratrias beds northwest of Lake Tahoe are the Sailor Canyon and 
Milton series, and the area in the southern part of the Sierra at Mineral 
King is probably Triassic in age. Under granite, which forms much the 
larger part of the range, are included the quartz-mica-diorite or grano­
diorite of Becker and Lindgren and the porphyritic granite described 
in the Fourteenth Annual Report, as well as other types of granite 
Nearly all the small areas noted on the map iHcloscd in schists or 
in basic igneous rocks are granodiorite, the porphyritic granite occur­
ring chiefly along the crest of the range, especially in its southern part. 
The magnesian series comprises serpentine, talc, and tremolite schists, 
with some other associated amphibolitic schists, the entire series being 
derived from basic igneous rocks. The porphyrites (old andesites) and 
amphibolitic rocks are chiefly altered forms of original surface lavas 
and tuffs corresponding to modern basalts and andesites . 

... 
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THE AGE AND FORMATION OF THE SIERRA NEVADA. 

Concerning the age and formation of the range, the author has 
practically nothing new to communicate, but for the sake of cleamess 
the following is inserted : 

The Sierra Nevada was formed at tlw cloKe of the Jurassic (after 
the Mariposa beds were deposited) as a great mountain range, by the 
folding of the Paleozoic and Juratrias rocks of which it is composed, 
accompanied by the intrusion of vast amounts of granitoid rocks. 
During the Cretaceous this Jurassic mountain range was greatly 
eroded, so that portions of the range formed au approximation to a 
peneplain. In Tertiary time the zone of normal faulting along the east 
base of the Sierra, previously referred to, appears to have been formed. 
According to Clarence King, faulting may have begun along this line 
in Eocene time, but it is certain that later displacements have increased 
the height of portions of the fault scarp. He has shown that these 
two periods of organic movement-one, the earlier, charactcri7:ed by 
folding, and another, later, by normal faulting-are to be recognized in 
the Great Basin. King writes:' 

The geological 11rovince of the Great Basin, therefore, is one which has suffered 
two different types of dynamic action-one, in which the chief factor evident,Iy was 
tangential compression, which resulted in contraction an<l plication, presumably in 
post-.Jurassic time; the other of strictly vertical action, presumably within the Ter­
tiary, in which there are few evidences or traces of tangential compression. 

The two grandest fault lines shown in the Great Basin are those which define its 
east nnd west wnlls. ~Whoever has followed the eastern slope of the Sierra Nevada 
from the region of Honey Lake to Owen's Valley can not have failed to ohserve with 
wonder the 300 miles of ahrupt wall which the Sierra Nevada turns to the east. 
That wall is no other than a great continuous fault by which the Nevada country 
has been dropped from 3,000 to 10,000 feet downwarrl. In this low trough east of 
the Sierra Nevafla and Cascade Range is laid down the thick series (amounting to 
4,000 feet, as already described) of M~ocene beds. It is therefore evident that this 
was a depression which was i!efine!l hefore the beginning of Miocene time. On the 
western base of the Sierra Nevada the marino Miocenes aro found far down abutting 
against the extreme foothills of the range~ As yet in the depre~sed ltt'ea east of the 
Sierra Nevada no Eocene beds have been discovered, from which it seems highly 
probable that the great fault occurred either within the Eocene or at the close of 
Eocene time, and was the direct cause of the subsidence whose :crea was immediately 
occupied by the Miocene Pah-Ute lake. 

Since the SierraN evafla along its crest aml eastern wall is chiefly form eel of gran­
itoid rocks, it is impossible to tletcrminc the amount of tho drop which the down­
ward movement has caused; for if, as is evident, the fault occurred before tbe 
Miocene, there has been the enormous erosion of all subsequent time to reduce the 
crest of the great range.~ 

In a recent paper Walcott 3 expresses similar views as to the structure 
of the ranges of southern Nevada, as follows: 

As seen from the western slope of the White Mountain range, the next range to 
the eastward, SilYer Peak, is apparently a monocline facing westward; but from 
the known structure of the Great Basin ranges, such as those of the Eureka district, 

1 Fortieth Parallel Survey, Systematic Geology, Vol. I, p. 744. 
2Somc of tho Miocene beds of King are said by Uusscll tn hn of later age. 
3.A.m. Jonr. Sci., Vol. XLIX) 1895, p.l74. 
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Nevada., the Of[uirr Range, Utah, and others illustrated by the geologists of the 
\Vbeeler survey, it appears that in the broa.ll Paleozoic area between the Sierra 
Nevada on the west and the early Paleozoic shore-line on the east (Colorado) a period 
of folding and thrust faulting was followe<l by a period of vertical faulting, which 
displaced the strata that had been folded and faulted in the preceding epoch. The 
extent and character of this disturbance can he determined only by a careful study 
of each of the mountain ranges for a distance of over 500 miles east and west and 
probably 1,000 miles north a nil south; and the great geologic 1)roblems will not be 
fully solved until the areal geology of the region between the one hundred and ninth 
and one .hundred and nineteenth meridians shall have been mapped. 

In 1889 Prof. Joseph Le Oonte 1 published a paper on tlte "Origin of 
normal faults," in which he graphically pictures the formation of the 
Basin ranges. One of his figures is repro1'luced here (fig.l8\, If taken 
in a general way, Professor LeConte's illustration and explanation seem 
to the writer to express a general truth. He writes: 

The whole region from the 'Vasatch to the Sierra inclusive was lifted by intn. 
mescent lava into a great ar"h, the abutments of which were the Sierra on the one 
side and the 'Vasatch on the other. ' The arch broke down and the broken 
pnrts readjusted themselves by gravity into the ridges and valleys of· the Basin 
region, lea\-ingthe t1butments overlooking the basin and towarclone another. It mnst 

SIE:RRA 
NE:VAOA 

BASIN RANGES 

~--~---------~------------.. .. __ WASATCH 

FIG. lB.--Diagram showing hypothetical mode of formation of the rauges of t.he Great Rasin and of the 
SierraN evacla a nil the \Y :umtch. 

not be snpposed, however, that this took place at once, hut gratlually, the lifting, the 
breaking <!own, and the reatljnstment going on together pari passn, each readjust­
ment probably giving rise to an narthqnake. 2 

Professor Le Uonte recognized, however; that the Sierra and the 
W asateh had existed as ranges prf)vious to Tertiary time, but supposes 
their heig-ht to have been iucreatSed at the time of the normal faulting. 
His rem.trks on the SierraN evada and Basin ranges contain practically 
nothing new, being based on the earlier publications of Whitney, King, 
Hilbert, Russell, and others. 

ARCHEAN GNEISS IN THE SIERRA: NEVADA. 

The geologists of the Fortieth Parallel Survey were of the opmwn 
that western Nevada is part of an Archean area which during Paleozoic. 
time forme1l a land mass. 'rhe following quotations from Clarence King:1 

are a condensed statement of the evidence: 
Considered as a whole, the Paleowic series thickens to its western limit on longi­

tude 17° [117°] 30'. \Vest of that meridian thet·e is a. sudden remarkable change in the 
whole geology. No more Paleozoic rocks are observed in Nevada, and in California 

IA.m.Jonr. Sci., Vol. XXXVIII, p. 262. 
~For furt,her notes in this connection, see LeConte's papers and }fohawk Lake Beds, Bull. Philos 

Son., Washington, 1891, which contains references to the literature. 
'Systematic Geology, 1878. p. 247. 
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only inconsiderable deposits of Carboniferous. Over the whole basin of Nevada tl1e 
oldest post-Archean rock is the Trias, which lies directly on the old Archean moun­
tain slope~, without interposition of Paleozoic beds. It is immediately evident that 
the Paleozoic never extenuefl over that region; in other words, that western N eva!la 
formed during Paleozoic time a continental mass which bounded the ocean in that 
direction, and where continued degradation furnished the greater part of the sedi­
ment that was spread out on the setL bottom. 

Fourteen years later Arnold Hague wrote: 1 

In all probability the Paleozoic ocean in Nevada presented an indente!l shore line 
with a general northeast and southwest treml. This ancient shore line bas 
never beeri traced, consequently its outlines arc most indefinitely determined. It is 
obscured by enormous quantities of erupted material in places literally mountain 
high, burying for long distances all traces of preexisting rocks. * • * 

Ranges situa,ted eastward of the supposed shore-line exposP above flows of rhyo­
lite"long ridges of quart7,ite which have been referrecl to the Paleozoic age. They 
are at all events quite unlike the rocks of the region to the west. • To the 
south tho shore-line probably ran out towarcl the California boundary. 
Along the shore tho conglomerate forms heavy masses of material, indicating littoral 
deposits, but to the east tho same formations gradually pass into fincr-graincLl sand­
stones, the beds iu general becoming more uniform in character. 

Roeks of Camurian age have been found at Eureka, Pioche, at tl1e 
south end of the Timpahute Range, at Silver Peak, and lately uy Wal­
cott2 in the "White Mountains of Inyo Connty.3 As Walcott's discov­
eries are of great importance to the student of the geology of the Sierra 
Nevada, the following extracts from his paper are presented: 

The only Lower Cambrian rocks of California known to me occur iu the White 
Mountain range of Inyo County, east of Owens Valley, with a single exception of 
one small mass west of Big Pine, which is in the foothills of SierraN evada. * * 
The entire section, briefly summarized from summit downward, is as follows: 

4. Upper arenaccou~ beds .. ____ ................ _. __ .. ___ ........... _ .... _ .. . 
3. Alternating limestones and shales . ____ .............................. . 
2. Siliceous slates and quartzites._. _____________ . _____ . ____ .. ______________ _ 
1. Siliceous limestones ................ __ ......................... _ . _ ....... _ 

Feet. 

200 
1,000 
2,000 
1,700 

Total .. -- . ---- ... - -- .... _ ............ _ ............................ __ .. 4. 900 

* ·• Ko fossils were found in the lower limestones (lj. Numerous anneli!l 
trails occur in the lower siliceous series (2), and in the slaty portion near tho summit 
heads of Olenellus were fonnd. In places tho lower portion of the upper limestone 
series is almost a solid bed of different forms of A1:chmocyathinw. Ethmophyllnm 
wMtneyi Meek is very :.bnndant, and the genera Protopharetra, Coscinocyathus, and 
probably ArchwocHathus occur. Ethmophyllnm ranges throughout the limestone 
series into the base of the shales in Tollgate Canyon, where it is associated with 
Cystidoan plates aml fragments of Olenellus. On the north siuc of Silver Canyon 
the Archmocyathinrn are so abundant in the limestone that it may practically be 
called a Lowar Cambrian coral reef. This reef was traced for nearly 30 miles, aucl 
the same types.are also known to occur in the Silver Peak Range, about 25 mile~ to 
the eastward. 

1 Mon. U.S. Geological Sur\·ey, Vol. XX, 1892, p.176. 
'Am. Jour. Sei., Vol. XLIX, 1895, p.141. 
8 Tho south end of this range is called the In yo Mountains, and as this is a very distinctive name 

it would sel'm better to call tho entire range tho Inyu Mountains and to retain the namo \Vhite 
Mountains only for tho particular Jmak which is now so called. 
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So far as known to me, this is the oldest of the Cam brian faunas in the .western 
portion of the United States. Just what Hs relation to the Olenellus fa.una of cen­
tral Nevada and British Columbia is, I am at present unable to state, except that I 
believe it to be ohler than tho Oleuellus fauna of central Nevada .. 

In another paper' Wftlcott describes the .Appalachian typeoftolding 
in these Cambrian rocks and gives several sections. He has made out 
that a syncline forms tile flanks of the Inyo or '\Vhite Mountains east 
of Bishop Creek and Big Pine. This had, however, as he states, been 
previously imlicated by Prof. G. K. Gilbert 2 for the region east of Big 
Pine. The oldest roek found, the lower limestone, is exposed in the 
lower foothills of the range just east of 'Owen~ Valley, an1l, in conse· 
quence of the northern pitch of the syneline, passes beneath the 
Pleistocene beds on the margin of the valley before reaching Silver 
Canyon, which is nearly east of the town of Bishop Creek. No fossils 
were found in the lower limestone, lmt Mr. ·w aleott was not able, from 
lack of time, to search carefully for them. Some of his general conclu­
sions are as follows: 

Viewing the ·white Mountain Hauge from the western slopes of the Sierra Nevada, 
north of Big Pine, it is evident that several transverse or oblique faults break the 
syncline that re8ts on the western slope of the range. Tho strata are displaced on 
thn south side of Black Canyon, and also about 5 miles to the north. 

It is thus evident that the most promising region to search for 
Algonkian or Archean rocks is in the neighborhood of Owens Valley, 
for if gneisses or other Azoic rocks are there found it may be practica­
bie to determine their position below the Cambrian, and thus obtain 
more positi\'e proof of tbeir age than has thus far been found, for 
nowhere in the Great Basin or in the Sierra Nevada have the Cam­
brian roeks been seen to rest directly upon older schists or gneisses. 

Professor Gilbert, however, states that near Deep Spring, in the 
Inyo Mountains, there ai·e gneissic rocks associated with the granite. 
Attention might here also be called to a granitoid rock coilected by 
Walcott near Deep Spring Valley. 'l'bis proved to be a hornblende­
syenite and is briefly described in Chapter VI of this paper and in 

·the American Geologist for -J nne, 1896. 
Prof. J. D. vVhitney has noted some gneissie areas in the southern 

Sierra Nevada which may prove to be part of the Archean Complex, 
and his description is herewith appended: 3 

From Tahichipi (Tehachapi) Valley down the creek of the same naine, to its junc­
tion with Cottonwood Creek, granite and gneiss are. the preuominating rocks, bnt 
some mica-slate was observed, especially near the mouth of the canyon, where it 
forms rounded hills bordered by the Tertiary of the Tulare plain. The strike of the 
gneiss, which makes up the larger portion of the formation, is nearly north· and 
south, aU<! it dips at a high anglu to the east, being much contorted an<l often cut 
by veins of milk-white quartz, which run at right angles to the strike of the inclos­
ing rock. Some of these quartz veins are of very large size. 

I .Am . .Tour. Sei., Vol. XLIX, 1895, p. 169. 
•u. S. Geol. Surveys West of t.he 100th Meridian, Vol. III, Geology, 1875, pp. 34 and 169. 
• Geology of California, Vol. I, p. 218. 
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From Cottonwood Creek, our party crossed over to \Valker's Basin, "the park" of 
the Pacific Railro:td Reports. The trail led up Cottonwood Creek an<l Pass Creek, 
a branch of the first named, an<l then '?ver a sharp antl steep riuge, the rocks being 
exclusively gneiss and mica-slate, the former predominating. There is a consiuera· 
ble soil on the ridge ancl a pretty good growth of timber. In the canyon of Pass 
Creek are many bowlders of limestone, indicating a considernhle mass of this rock 
somew hero to the oust. 

Walker's Basin, or Valley, is a triangular area snrronn<lecl on all sides, except a 
Jlortion of the southeast., by high mountains, the highest peaks cast anu west being 
fully 7,000 feet in altituuc. Canyon Mountain, on the west, has very large exposures 
of bare rock, consisting of granite and gneiss, beautifully and distinctly bellded or 
stratified, with a strike of N. 75° E., and a nearly vertical dip. The high mountain 
lying northeast of the valley is of the same character, with rather more granite, 
having a north-northwest strike and northeast dip. 

A low divide, perhn.ps 1,000 feet above the general level of Walkers Basin, sepa­
rates it from the valley of Kern River. In t.he ridge arc mica-slate and gneiss, 
trending about N. 60° \V., and dipping at a high ttngle, sometimes north an<l some­
times to the so nth. These rocks continne along the trail nearly to Kern River, antl 
some granite is associated wit.h them. 

Prof. \V. P. l3lake 1 refers to some gneissic rocks in the Tehachapi 
Mountains at Cafiada de las Uvas, and the mica aud hornblende slates 
noted as occurring in tlte '1'{\jon Pass may be also of the same series. 

About 1888 Dr. G. F. Becker made a small but interesting collection 
of gneisses and granites in the Cafiada de las Uvas, and kindly placed 
these at the writer's disposal. Only a cursory examination bas been 
made of these rocks, but it is certain that they contain true gneisses, 
which are cut by dikes of quartz-mica-diorite and granulite. Quartz, 
plagioclase, hornblende, biotite, green monoclinic pyroxene, titanite, 
and garnet are the chief components of the gneisses so far as examined. 
Dr. Becker states that they are well banded and sometimes plicated. 

lt is evident that if western Nevada formed an Archean laml mass in 
Paleozoic time, the western border of this laud mass formed the eastern 
shore of the sea in which the Paleozoic sediments of the Sierra Nevada 
were laid down .. On account of the intrusio~, about the close of the 
Juratrias, of large masses of granitic rocks in the Sierra Nevada and 
the folding and crushing that occurred at that time, tltis hypothetical 
western shore line was greatly obscured, and l1as not thus far been 
indicated with certainty at a single point. 

In 1891 the writer found in the canyon of the north fork of the 
Mokelumne River, to the east of Devils Nose in the Rig Trees area, a 
series of foliated crystalline rocks, and later published 2 a short state­
ment concerning them. 

In 1895 the writer again visited the region and made a more careful 
study of these gneisses and associated granites. His collection was 
examined by Prof. C. R. Van Ilise, who was impressed with their 
resemblance to the rocks of the fundamental complex (the Archean) of 
the Lake Superior region. A comparison of the granite which forms a 
part of the gneiss series with the so-called Archean granites of tile West 
Humboldt Mountains in the collection of the Fortieth Parallel Survey 
shows that they are strikingly similar. 

1 Pacifie Railroad Reports, Vol. V, 1857, p. 209. 
2 Am. Geologist, Vol. Xlll,l894, p. 229. 
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'J'he gneisses of the Big Trees area are chiefly pyroxene-biotite­
plagioclase-gneiss, hornblende-biotite-plagioclase-gneiss, and quartz­
hornblende-biotite-plagioclase-gneiss. A more careful description of 
them is given in the chapter on the Big Trees area. The gneisses of 
the Mokelumne Canyon arc not, however, represented by a precisely 
similar series in the West Humboldt Mountaius, so far as could be 
determined by a cursory examination of the specimens in the Fortieth 
Parallel Survey collection, most of the Archean rocks of which are 
various kinds of knotted schists, and if the biotite-granite called 
Archean is intrusive iu these schists its age may be Algonkian or later, 
and not Archean, aud this would likewise be true of the similar granite 
found folded in with the Mokelumne gneisses. 

THE MODE OF FORMATION OF THE ANDESITE BRECCIA AND 
TUFF . 

. The most abundant lava of the Terti[try volcanic period was ande­
site, which occurs chiefly in a fragmental form. 

Fragmental volca11ic ro<~ks are usually supposed to lmve been formed 
by explosive action, the material being thrown out as fragments and 
ashes, which, falling on the surrounding land or in bodies of water, 
would in the former case assume a roughly and in tbe latter case a 
definitely strati lied shape. But this does not appear to form an adequ_ate 
picture of tlle Pliocene eruptions of the Sierra. The fragmental lava 
appears to have been mixed with water, perhaps deriyed from melting 
snow at or very near the sources of the eruption. But howt'ver these 
mud flows were formed, on their course down tlle slopes of the range 
they caught up much foreign material. 

Silicified trunks of both deciduous and co11iferous trees, bowlders of 
granite, some of them tons in weight, and pebbles and fragments of 
nearly all the older rocks of wllicll the Sierra Nevada is composed~ are 
found embedded in the all(lesitic material. 

.Along the east side of the Great Valley of California these andesite 
tuffs grade into well-stratified material co11taining abundant rolled 
sand grains, and such beds may be regarded as water deposits. A 
most remarkable fact has been noted by the writer in regard to these 
tuft' areas, namely, that wherever the original top layer of the beds has 
been preserved this is, so far as observed, a distinct breccia, composed 
chiefly of angular fragments and blocks cemented by ashes, while 
below are layers of fine tuff and volcanic conglomerate, with some 
layers, especially in the foothills, in which pebbles of pre-Cretaceous 
rocks are abundant. 

As forming a possible representation of the way these andesitic frag­
mental lavas attained their present position, two quot.ations are 
here given from descriptions of eruptions of volcanoes in Japan and 
in Java within the historic period. The eruption of the Japanese vol­
cano (Bandai-san) should be rather called au explosion, a very large 
portion of the upper part of the mountain being blown off, and there 
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being no new volcanie material formed. 'l'be account of the eruption 
of the Javanese volcano was written after an extended examination of 
it in 1843 by Mr. Junghuhn, and is based on this examination and on a 
more or less unreliable account written at the time of the eruption by 
J. M. Mohr, the preacher at Batavia, which is about 100 miles distant. 
'l'his account appears to have been based on the reports of natives, and 
was not considered accurate by Mr. Jnnghuhn. Only so much of this 
account is given as seems necessary to show the resemblance between 
the Javanese and the Japanese volcanoes. Iu the. case of the former 
volcano there appears to have been fire emitted. 

In comparing these eruptions with those that took place in Tertiary 
times in the Sierra Nevada, this difference should be borne in mind, 
that while the material in the Javanese and Japanese volcanoes 
traveled but a few miles and down a comparatively steep grade, there 
is excellent evidence that most of the sources of eruption in the Sierra 
Nevada were along the crest of the ridge, and that the fragmental 
material was transported from these sources to the border of the Sacra· 
meuto Valley, a distance of about 50 miles, on a comparatively gentle 
slope. Volcanoes may have existed, however, at some points in the 
foot,hills; Jackson Butte, for example, may be an old volcanic core. 

THE ERUPTION OF RANDAl-SAN, IN JAPAN. 

By S. SEKiYA an<l Y. KIKUCHI. I 

Tho most striking feature in the whole of this erupt-ion was the deluge of rock 
and earth. Notwithstanding the violence of tho phenomena, and the completeness 
with which tho mountain was destroye!l, the nature of the eruption wus compara­
tively simple. The destructive agency was merely the sudden expansion of impris­
oned steam, unaccompanied by lava flows or pumice ejection. ·when the explosion 
took place, a considerable amount of rocks and earth was projected into the air, and a 
part diffused in the form of dust, but by far the greater part of tho bulk of Kobandai 
was just split into mighty fragments, which were thrown down mu~h after the 
manner of a landslip. Descending tho mountain sides with ever-accelerating 
velocity, the components of these aval:tnches were clashe!l against obstacles in their 
way and against each other, and were thus rapidly reunced to confnse!l masses of 
earth and rocks. The loose an!l friable debris thus produced ultimately lost its 
adhesive power, and might be compared, with a little exaggeration, to sand. If we 
suppose a mass of some 1.21 cubic kilometers, or 1,587,000,000 cubic yards (which 
was the actual volume of the monn tain destroyetl), of sand to l1e suddenly precipitated 
from a lofty summit, it would flow down the sides in a torrent not very unlike that 
of water. That the earth and rock debris U.id flow down in this way wo were con­
vinced by examining- the actual state of things on the spot, and more particularly 
by witnessing afterwar!ls with our own eyes a very similar phenomenon, though on a 
vastly smaller scale. * * * 

The descending matter must have moved with great velocity. By some survivors 
it wns described as having reached their vicinity almost instantly after the ernption. 
From several calculations, made by comparing the time of the explosion with the 
time at which the streams of debris arrived at different points, we roughly estimated 
the average speed to have been 77 kilometers, or 48 miles, per hour. On its course 
the mud stream must have swelled into great waves, as in a. surging current. This 

'Trans. Seismological Soc. of Japan, Vol. XIU, pp. 139-222. The eruption occurred on July Hi. 1888. 
The authors arrivml at tlte yolcano on J nly 19 antl rcmainctl tHl October 8. The writer is indebtctl to 
Mr. G. K. Gilbert for calling his attention to these papers. 
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is attested by eyewitnesses. The wave-like traces left on the sides of the hill Hhow 
how t.he torrent surged upward when it met any obstacle either obliquely or at 
right angles. In one case ncar Kawakami, the earth reached a height of at least 40 
meter~ abovo the general level on a hill facing the direction of flow, and at other 
places a spur of the hill which the current struck obliquely caused an nprnsh of 
from 30 to (i0 meters. The general appearance of the present surface is one of extra­
ordinary havoc and confusion, irregular lumps of earth being mixed up with torn-off 
trunks and branches of trees, fragments of timber, and stray bowlders of hnge size. 
In some places the matter has been largely admixed with water, and is treacherous 
to walk on. * 

In describing the phenomemt of the earth and rock debris, the wor<l ''mud" has 
been frequently used by several observers, who speak of "mud stream," "mnd 
field," etc. \Ve have used the teriU above, but it must be explained, to avoid miscon­
.ceptiou, that we have done so for convenience only. Some commentators, indeed, 
have erroneously classed the phenomena with those of the" mud volcanoes," of which 
we read in geological text-books that, while some have been known to throw up 
mud to a g~eat height, in others liqni<l earth only oozes out quietly, and gradually 
forms an earth ring around the crater. Such outlmrsts, however, are no more than 
moderate manifestations of suhterranean energy, and are almost insignificant in 
comparison with the tremendous forces that destroyed Kobandai-san. Moreover, as 
far aH our prolonged examinations went, there was no evidence of any discharge of 
mud from beneath. It is true that in the Nagase Valley and other places there are 
now immense quantities of I\llld, but these became mud only after the eruption. 
During its descent, for example, a part of the debris, mingling with the wators of 
ponds and lakes in its course, doubtless acquired a muddy character and was thus 
assisted in its flow; and, ag:iin, that which reache<l the stream of the Nagase-ga,,-a, 
becaiUe admixed with sufficient water to thin it to the consistency of a paste. Hut 
by far the greater volume was in a comparatively dry state, being moistened only 
by condensing steam, and must have derived its fluid or semifluid properties from a 
rapid process of pulverization after the mannl!r already described. · 

On reaching the outposts of the mud field, no one conl<l help being struck by the 
singular way in which the advancing stream of rock and earth seemed to have sud­
denly stopped, showing a vArtical or nearly vert.ical face, a few meters high. It is 
apparent that the debris of rock and earth, in their swift descent, behaved like a 
fluid, but on nearing to the plain below they gradually lost speefl and were ultimately 
brought to rest; the m,1terials that followed, on account of their great friction and 
adhesion, coul<l not pass the limit set l1y their predecessors, and were piled layer.on 
layer, thus forming a steep edge. 

It is manifest that the immediate cause of the eruption was the sudden expansion 
of steam pent up within the mountain. Of lava or pumice there is no trace. The 
gray-colored ashes, which form a chief product of the explosion, are evidently the, 
powder of preexisting rocks decomposed by the action of fumaroles, and have not 
been derived from fused magma. 

THE ERUP'.riON OF GUNUNG PEP.A.NDAJAN, IN JAVA • 

.By FRANZ JUNGHUHN. 1 

Exactly such streams of lava debris as present theiUselves here at tho Gunnng 
Pepandajan as the products of the eruption of 1772 were ejected by the Gnnnng 
Gelnnggung in 1822. Only this difference seeq1s to exist between the two eruptions, 
that the volcanic ashes in the last-mentioned eruption were mixed·with the water of 
a reservoir, probably existing in the crater, into mml or slime, aml that the debris 
m:.tss was rolled down together with this mass of mud or buried in it, while in the 

·eruption of the Gnnung Pepanllajan, whose crater did not inclose a water reservoir, 
the debris Jlrubably consisted of dry material. 

tJava, seine Gestalt., Pflanzcndecke und inncre Bauart, Leipzig, 1854, Vol. II, p. 104. The tran:iJ.a.. 
tion is hy ltobf'rt Stein. 



CHAPTEH II. 

THE CHICO AREA. 

SUPERJACENT SERIES (CRETACEOUS AND LATER). 

'l'HE 'l'USCAN 'l'UFF. 

The first elevations that the traveler meets with in Butte County, in 
goiug eastward from tlle alluvial plains of the Sacramento Valley at 
Chico, are level-topped ridges which plainly show at numerous points a 
bedded character. They can nowhere be better seen than in the 
canyons of Butte and Chico creeks. A more careful examination of 
these stratified beds shows them to be made up largely of volcanic 
material. In the Chieo sheet area they are, in fact, ehiefiy basaltic 
tuft's, and have been designated the 'ruscan formation by Diller in his 
description of the geology of the Lassen Peak region. 1 These tuffs 
resemble iii a general way the andesitic tuffs and breccias of the region 
to the south of the North Fork of the Feather Hiver, but numerous 
examinations made by the writer in tile area of the Chico sheet show 
that the material is chiefly basaltic, and without doubt came originally 
from the velits of the Lassen Peak volcanic area. The Tuscan forma­
tion is probably in large part younger than the andesitic tuff series, for 
tlte coarse doleritic basalts which form the main material t!·om which 
the tuff's are derived are unquestiouably later than the andesitic lavas 
of the region.2 

The Tuscan tuff covers a very considerable part of the central and 
northern portions of the area of the Chico sheet. None of it is known 
in the Bidwell Bar sheet area. It overlies the sandstones of the Chico 
formation in the neighborhood of Pentz, and iu the canyon of Butte 
Creek near Oente. ville, and along Chico Creek about 7 or Smiles north­
east of Chico. Here is also a flow of the older basalt, like that of the 
Oroville Table l.Ylountain, resting on the Chico sandstone and overlain 
by the Tuscan tuff, which at this poiut is 400 feet or more in thickness, 
as estimated from the contours of the map. 

General Bid well, of Chico, called the attention of the writer to cer­
tain tube-like holes in the tuff along Chico Canyon. These holes have a 
diameter varying from oue-half inch to 22- inches. They may have been 

--------
t T..~assen Peak folio, Geologic Atlas of the United States, folio No. 15. See also Fourteenth Ann. 

Rept. U.S. Geol. Survey, pp. 412 an<l 428. 
2Fourteenth Ann. Rept. U.S. G!Jol. Survey, pp. 492,493. 
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occupied by branches of trees now rotted out. The stratified nature of 
the tuff is finely seen in the canyon of Butte Creek by the road to 
Magalia, where it forms bluff's, in places weathering into shapes resem­
bling castles. 

The Tuscan tuff coutains, however, much material that is not basaltic. 
Bowlders, fragments, pebbles, and fine detritus of andesitic lavas and 
of the older igneous and sedimeutary rocks occur in it, as would be 
expected from its mode of formation. In tlte neighborhood of Pentz 
much of the lower portion of tlte tuft' appears to be of andesitic origin. 

This was noted in 1885 in a little butte about a mile west of 'the hotel 
at Pentz, where arc also found, included in the tuft', pebbles of the older 
lava (basalt) of the Oroville Table Mountain. 1'he same relatiOn is 

· shown at Welch's hydraulic gravel mine, 1~ miles north of Pentz. This 
was examiued with some care by Diller, who has kindly plaeed his notes 
at the writer's disposal. It was also examined and specimens colleeted 
in1S95 by the writer. 

The hydraulic mine is plainly to be seen from Peutz. It is at the 
south point of a spur of tlte table of tuff that eontinues tltence north 
to Magalia and beyond. Resting on slates of Paleozoic age is a layer 
of 'coarse angular gravel of local origin, composed chiefly of the older 
igneous and metamorphic rocks. This is from 10 to 15 feet thick and 
presumably contained most of the gold. Overlying this is about 70 feet 
of fine sediment of a black color and further discolored by iron sul­
phate. All of this material appears to have been washed by hydraulic 
method. 

The next layer is made up of msty sediments about 10 feet in thick­
ness, and contains waterworn pebbles of quartz and siliceous metamor­
phic rocks, and is especially remarkable as containing abundant frag­
ments of the black fine-grained basalt (No. 900 S. N.) of the. Oroville 
Table Mountain, which is only 2 miles distant. These fragments, many 
of wltich are from 3 to 6 inches in major diameter, are not noticeably 
waterworn. Tins layer appears to g1ve evidence that the Table Moun­
tain bad been uplifted and was undergoing erosion at the time the layer 
wat> being formed. Overlying the layer with the basaltic fragments 
is about 50 feet of soft, ligltt-colored, and very fine-grained sediment 
or tuff in which are some coarser but still fine grained brownish layers 
(No. 901 S. N.), a microscopic examination of which shows the brown 
friable material to be a true tuft', made up of microlitic fragments and of 
broken crystals of plagioclase (in part labradorite), augite, hypersthene, 
and brown hornblende, all of which are almndantly represented. As 
the basalts of the region carry little if any brown hornblende, it is very 
probable that much of tltis tuft' is of andesitic origin. No olivine was 
noticed in the thin sections examined. Overlying this fine sediment is 
a barder 4-foot layer of a dark color, which was first observed from our 
ca.mp at Pentz. This (No. 902 S. N.) is a basaltic tuff.~ It is coanser 
than 901, and is made up of microlitic fragments of black, red, and 
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other colors, with some·fragmeuts of feldspar, augite, hypersthene, and 
brown hornblende. Several of the microlitic fragments contain olivine. 
From this layer to the top of the table, a vertical distance of about 150 
feet, all is tuff with more or less gravel and angular fragments of lava, 
much of which is basaltic. One layer about 10 feet thick in this mass 
of tuff is composed of well-rounded lava pebbles, and the top is a heavy 
bed of dark brecCia. The succession made out above may be tabulated 
as follows: 

Section at fVelch's hydraulic gravel mine, 1.5 ntiles north of Pentz. 

1. Base. Paleozoic slates dipping at a, !ugh angle. Feet. 
2. Angular gravel.-..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
3. Sand and gravel...... . . . . . . . . ..... ____ . ___ .... _ ... _ .... _ ................. _ 70 
4. Sand, quartz pebbles, fragments of the older basalt .... _.................... 10 
5. Very fine tuff of andesitic detritus ........................ ____ . . . . . . . . . . . . . . 50 
6. Tuff, conglomerate, and brecCia; largely basaltic ..•........................ 150 

Total thickness about ............ , .......... ·········'·· ............... 290 

All of the above distances were mer,ely estimated, and not measured. 
There are also iutercalated iu the tuffs fiows of massive basalt at 

various points. One of these flows is well exposed along a ditch in the 
west side of Shake Havine, 5 miles' northeast of Magalia. This flow 
(No. 922 S. N.), about 20 feet in thickness so far as exposed, rests on 
the Tuscan tuff. 'l'he exposure is interesting as showing the begin­
ning of the formation of spheroidal blocks by exfoliation due to decom­
position. The corners of the blocks are being plainly rounded, and 
concentric lines of decomposition surround each of the originally 
approximately rectangular blocks. At one time these blocks, which 
are superimposed in a very regular manner, almost as if laid by the 
hand of man, were undoubtedly parts of one massive flow, the inter­
secting cracks along whieh decomposition has proceeded being pro­
duced at a later date, perhaps as a result of cooling. 

Another massive flow (No. !lOU S. N.) of scoriaceous lava, 12 to 15 feet 
in thickness, is exposed along a ditch on the west side of the West 
Branch of the North Fork of the Feather Uiver, about 9 miles northeast 
from Magalia, to the north of where the Kimshew road crosses the West 
Branch. This is an olivine-rich basalt and is near the base of the Tus­
can tuff formation, which at this point forms the ridge to the west, 
having a thickness of 400 feet or more. At the south end of this lava 
flow may be seen some distinctly sedimentary material, but, as the Tus­
can tuff forms the banks of the river above the bridge of the Kimshew 
road, it probably underlies both the distinctly sedimentary material and 
the lava flow. Between the bridge and the mouth of Fish Creek, 12-
miles to the north, where not covered by Pleistocene gravel, the tuff 
forms both banks of the stream. The tuff along here, at most exposures 
seen, is rather fine grained, but there arc also extensive layers of gravel 

1All distances in this 11aper are in an air liue.. 
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in which are embedded blocks of lava 3 feet in diameter. The large 
bowlders occur more abundantly higher up in the ridge. The strati:fi. 
cation of the tuff along the West Branch is sensibly horizontal. In 
addition to the volcanic gravel it contains well-worn pebbles of quartz. 
diorite, which here underlies the tuff formation. 

ANDESITIC TUFF SERIES. 

This series, so extensively developed in the central Sierra Nevada, 
may be seen in the southeast corner of the Cllico sheet area, to the east 
of Oroville. As before estimated, it is thought to be older than at 
least the greater part of the Tuscan tuff formation. As already noted, 
the lower portion of that formation near Pentz is made up of andesitic 
detritus. 

THE OLDER llASAL'l'. 

It has been shown in previous papers that this black fine grained 
basalt is older than the hornblende-pyroxeue andesite. However, it 
is quite certain that some andesitic eruptions took place before the 
older basalt flows, since pebbles occur under the Oroville Table Moun­
tain basalt. To the west of Table Mountain are a number of little 
buttes which are regarded as detached outliers of the main flow, and 
presumed to have been connected with it. The· flow is supposed to 
have originated higher up in the mountains. The. highest point of 
Table Mountain is near Cherokee, where the altitude is more than 
1,600 feet, thence sloping gently to the southwest, some of the outliers 
to the west of South Table ~lountain, which do not appear to have 
been displaced, having au altitude of less than 500 feet above sea level. 
In one of these buttes a shaft is said to have been sunk 200 feet in 
sand and gravel without reaching bed rock. A number of small 
masses near these outlying buttes, with an altitude of 300 feet or less, 
have probably been displaced by the erosion of the softer lone forma­
tion underneath. 'fhe slope of the table suggests that its source 
should be looked for to the northeast of Cherokee. Nevertheless there 
is no similar basalt in that direction nearer than the Walker Plains, a 
distance of 17 miles. The small area of basalt-like lava (No. 150 
Butte) on the southwestern spur of Big Bend Mountain, differs in 
habitus from the older basalt, and may be a dike. It may be sup­
posed tLat the lone beds underlying the flow were elevated above 
water before the flow took place, for so far as noted the lower layer 
next to these beds is not scoriaeeous, as would presumably be the ca:se 
with lava flowing over a water-covered surface. At two points dike­
like masses of the basalt appeared to cut the lone beds. One of these 
points is by the road just southwest of the west end of South Table 
Mountain (PI. XIX), the same point where andesite pebbles were noted. 
Here the basalt (No. 188 Butte) contains porphyritic feldspars, but is 
otherwise quite like that of the Table Mountain. The other point is 
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about a mile west of Wick's ranch. This dike ( ~) extends westerly 
across the adjoining stream bed. The rock seemed in place at both of 
these points, and a more careful examination may show that these are 
dikes, though it is eonceivable that they may represent cracks in the 
soft lone beds, filled in fwm above, or simply displaced masses. .An 
analysis of the basalt of the Oroville Table Mountain (No. 18 S. N.) 
will be found in the table of analyses of basalts. 

'L'he basalt fiow (Butte Co. No.1) exposed in Chico Creek rests on 
Cretaceous sandstones, to be described later. The narrow gorge formed 
by the creek cut "ng through the black basalt, which is here about 200 
feet in thickness, is known locally as Iron Canyon. For some hundreds 
of feet both north and south of this gorge the overlying Tuscan tuff 
has been eroded, leaving the upper surfaee of the fiow exposed. 

AURIFEROUS NEOCENE SHORE GRAVEL. 

Of late years certain gravels underlying the Tuscan tuff have been 
largely mined for gold. Their exact age is not certain, and difl"erent 
deposits may differ considerably in age. It is probable, however, that 
they all belong to the Neocene (Miocene and Pliocene) period. They 
are found chiefly on the ridge west of the West Branch of the North 
Fork of the Feather River. These gravels have been and arc being 
mined at a number of points, and have sometimes proved highly anrif 
erous. One of these mines visited by the writer in 1 89.1) is on the Little 
West Branch of the North Fork of the Feather, 2 miles nortLeast of 
Magalia, the opening of the incline being about 12 feet above the bed 
of the stream. On the cast side of the stream the bed 1·ock, here ser­
pentine, rises 400 feet at a steep angle, forming a spur between the 
Little West Brauelt and the main West Branch. The ridge to the·west 
of the Little West Branch is here made up, from base to summit, of the 
Tuscan tuff. The mine is known as the .Alki or Parry mine, and was 
also visited by Mr. Diller, and by :M:r. J . .A. Miner 1 of the State mining 
bureau. The information gathered from the mau in charge at the time 
of my visit indicates that the incline followed down the bed rock in a 
westerly direction, sometimes cutting through it, for a distance of about 
900 feet, at an average angle of about 22°, so that tLe incline at its 
lower end was 350 feet vertically below the month. The gravel on the 
bed mek for the first 100 feet was auriferous; then came a streteh of 
some hundreds of feet where the lava (Tuscan tuff) aud the bed rock 
came together, after which the incline bas a smaller dip, and gravel on 
the bed rock was again found. The information obtained by Diller in 
1893 differs only in details from that given above, and he came to the 
conclusion that the gravels were of shore origin. He states tLat the 
lower gravel is waterworn. 

TLe Lucretia or Perschbecker mine on Little Butte Creek about 2 

'Tenth Ann. Rept. State Mineralogist California, 1890, p.l41. See also Eleventh and Twelfth Repts. 
State Mineralogist. 
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miles nearly due north from Magalia, which has prodnced1 more than 
$1,000,000 in gold, appears to be also in shore gravels. This mine was 
very extensively advertised in the San Francisco papers in 1894. 

The gravels at the Magalia Consolidated or Mineral Slide mine 2 rest 
parily on slates and partly on Cretaceous sandstones. The tuft" over­
lying the gravel has a thickness of about 575 feet. The sandstone 150 
feet below the gravel contains Cretaceous (Chico group) fossils. Mr. 
Moody, the superintendent, thought thegra.vel (4 to 10 feet thick) to be 
a bed or sheet and not a stream deposit. Mr. Moody is also authority 
for the statement that a mastodon jawbone was found at Mineral Slide 
some years ago, and was represented in San Francisco as coming from 
Mexico. The soft Cretaceous sandstone is here called the bed rock. 
The buildings are on slate, against which the Chico beds abut. The .. 
slate does not extend farther up the creek. On the west side of Little 
Butte Creek, opposite Mineral Slide, is the Eureka mine, working on 
the same gravel bed. 

Two miles and a half north of Pentz, on Dry Creek, the Corey Bros. 
have run a tunnel west and found some gold. On the east side at the 
same place a tunnel has been run east for 600 (~)feet on slate bed rock. 
The gravel is coarse and subangnlar and about 25 feet thick. Over it 
is clay, sand, etc. In 1885 the writer visited the Heel Gravel hydraulic 
mine. This is on the south side of Butte Creek Canyon opposite Cen• 
terville. The gravel attains a thickness of 75 feet and rests directly 
on Cretaceous sandstone containing fossils of the Chico group. This 
gravel deposit was supposed to extend under the tuft', which begins a 
few rods to the south. Among the pebbles were some of pre-Tertiary 
quartz-diorite-porphyry and diorite-porphyry (Butte Co. Nos. 9 and 
10) and of a Tertiary-looking olivine basalt (No. 11 ). On the north 
side of the canyon, near Helltown, several hundred feet above the 
creek and likewise resting directly on the Cretaceous sandstone, is a 
deposit of gravel which was well exposed in a tunnel rml in for mining 
the gravel. Capping the deposit is the Tuscan tuff series, the lower 
layer of which is a volcanie conglomerate containing pebbles of hyper­
sthene-basalt (No. 13). Among the pebbles of this deposit were some 
of the older basalt (No.15) like that of Oroville Table Mountain; and 
as this basalt h; obviously younger than the lone formation which it 
covers, it follows that this gravel bed is alRo of younger age than the 
lone formation. 

There are many other points where these shore gravels under the 
Tuscan tuff have been mined. So far as known to the writer, at no 
point has a well-defined channel with definite banks been shown to 
exist. It is more than probable, however, that some of these gravel 
deposits occupy swales in the uneven surface of the underlying bed­
rock, and may therefore, for short distances, simulate a river channel. 

1Eightb Ann. Rept. Stat.e Mineralogist California, p.119. 
2 Twelfth Ann. Rept. State Mineralogist, p. 96. The notes about this mine, as well as those about 

the Eureka and the Corey Bros., are chielly by Mr. Diller. 
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A clear idea of the nature of these gravels is of great importance to 
the miner, and if Diller and the writer are correct in regarding them 
as shore gravels, it follows that the miner must not expect to find con­
tinuous beds, but that they will occur in au intermittent manner. and 
at various elevations, and can not therefore be continuously followed 
for long distances, as has been done with the old river channels, espe­
cially in Yuba, Nevada, and Placer counties. 

The extreme unevenness of the underlying surface of the bed rock 
along the old shore line is remarkable. It seems explicable only on the 
supposition of a considerable depression of the land before the period 
(late Pliocene~) when the Tuscan tuff was deposited. The tuff, as pre­
viously noted, forms the bed of the West Branch above the Kimshew 
bridge, the ridge to the west being composed from base to summit of 
the tuff, but the ridge on the east side below the bridge is composed 
entirely of the older rocks and rises 1,500 feet in the horizontal space 
of 1 mile and 2,500 feet in 2 miles above the level of the river, or, in 
other words, above the bed-rock surface on which the tuff was deposited. 
The steepness of the former shore line may be seen again near the 
mouth of the Little West Branch, at the Alki gravel mine, as before 
noted. The tuff here is at the level of the stream bed, and the ridge 
to the west is entirely made up of tuff, but the ridge to the east is 
entirely of serpeutine and other rocks of the pre-Cretaceous series, and 
this shore bottom rises 300 feet verticai.ly in about one-fourth of a mile. 

THE lONE FORMATION. 

This is most extensively developed, so far as known to the writer, 
chiefly about tbe Oroville Table Mountain, where it attains a thickness 
of about 500 feet. As has already been noted/ these beds are in places 
auriferous, and it is by no means improbable that the gravels at some 
of the mines described above belong to this formation. Indeed, this is 
the view held by Diller,2 though the writer understands that except at 
the Oroville Table Mountain no fossil leaves or other evidence of age 
has been obtained in the Chico sheet area. That portion of the area, 
however, to the north and west of Chico Creek has not been explored 
by the writer. 

The Miocene hydraulic mine is at the east edge of South Table 
Mountain. 'fhe deposit is larg·ely sand· and white clay, containing fos­
sil leaves, with gravelly layers made up chiefly of white quartz pebbles. 
Professor Knowlton identified one of these leaves as Juglans califor­
nica Lx. The bed rock is a greenstone breccia, representing an original 
augitic surface lava, probably an andesite. The sedimentary beds are 
perhaps 300 feet in thickness, capped with a basalt sheet about 100 feet 
thick. 

1J. S. Diner, .l<'ourteenth Ann. Rept. U.S. Geol. Survey, p. 418. H. '\V. Turner, Text of the Jackson 
Geologic Atlas, folio No. 11. 

•Idem., p. 417. 
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In Morris Ravine there has been much mining done. The material 
is similar to that at Cherokee and at the Miocene mine. In addition 
to the white quartz pebbles, there are also pebbles of the various mem­
bers of the auriferous slate series, and of andesites apparently of Ter­
tiary age. Pebbles of hornblende-andesite were also seen where the 
road from Oroville to Pentz crosses a low.ridge of the Ione formation 
which extends westerly from the west end of the South Table Moun­
tain and in Beatson Hollow. In all of these cases, so far as the writer's 
observations go, these pebbles form a layer directly under the basalt 
and on top of the lone formation. 

ThP- Spring Valley mine at Cherokee, where hydraulic mining is said 
to have been invented, has produced more gold than any of the other 
mines mentioned. It has already been thoroughly described by Whit­
ney and Diller.! Petrified wood occurs in this deposit, and bones and 
teeth of mastodons are said to have been found there.2 

UPPER CRETACEOUS SANDSTONE. 

Cretaceous sandstone~;> of the Chico group undoubtedly underlie much 
of the volcanic area in the lower foothills from Oroville Table Mountain 
to the north limit of the sheet. They are extensively exposed in the 
neighborhood of Pentz, near Mineral Slide on Little Butte Creek, near 
Centerville on Big Butte Creek, in the canyon of Chico Creek, and 
doubtless along the creeks farther north. They are everywhere quite 
unaltered, and are very nearly horizontal, the gentle dip being west­
erly. The beds in the canyon of Chico were visited in 1885. Fossils 
were found abundant at a point 7 ~ (?) miles in an air line from the 
town of Chico, in a hard, bluish, calcareous layer by a salt lick on the 
north side of the canyon at the mouth of a ravine draining into Chieo 
Creek from the north. A little farther up the creek on the same side 
is a better exposure of the fossiliferous beds. It is just at the latter 
point that the flume of the Sierra Flume & Lumber Company crosses 
the creek. 

On Big Butte Creek, below Helltown, the Chico sandstones have a 
thickness of perhaps 500 feet, the lower portion containing a large 
amount of gravel, which is said not to carry a workable quantity of 
gold. · 

Lists of the fossils collected in the Chico beds may be found in the 
writer's previous report.3 

1 See \Vhituey, Auriferous Gravels of the Sierra Nevada, p. 480; Diller, Fourteenth Ann. Rept. 
U. S. Geol. Survey, p. 418; and the report• of the State Mineralogist of California. 

2 P~ymond, ~fincrall~esuurces, 1874, 1).133. 
•Fourteenth Ann. Rept. U.S. GeoL Survey, Part II, 1894, pp. 458-4Gl. 
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SUBJACENT SERIES (PRE-CRETACEOUS). 

JURA.'l.'RIAS BEDS (MONTE DE ORO FORMATION.) 

In 1886 the writer noted a streak of clay-slate containing some con­
glomerate by the road to Oregon Gulch, south of Monte de Oro, whicb 
forms the south point of the main Table Mountain. The slates looked 
so little altered that they were examined for fossils, but only a few 
plant impressions were found. The conglomerate was seen to be made 
up in part of pebbles (No. 14!} Butte Co.) of old andesites (porpbyrites). 
In 1R94 Mr. T. W. Stanton visited the locality, and discovered and 
collected some very good plant remains near the Banner gold quartz 
mine. Professor Ward examined these plant remains, and expressed 
the opinion that they are of middle Mesozoic age, and then referred 
them to Professor Fontaine, whose report is herewith appended: 

[Extract frotn letter of Prof. Williatn M. Fontaine to Prof. Lester F. Ward, dated 
April 22, 1895.] 

I have examined carefully the plants from near Oroville, Cal., collected by Stanton 
and Oliver, with the following results: 

1. Perhaps the most common form is a Tamiopteris, which I cannot distinguish 
from 1: stenoneura, Schenk, found in the Grenzschicbten and in the lower Rhetic of 
France. 

2. Not uncommon is a narrow form which is most probably Tamiopteris tenuinervis 
of the same beds, and which is still more characteristic of the Rhetic. 

These narrow Tamiopteris forms are the most abundant imprints among the Cali­
fornia fossils. This type goes up, it is true, as far as the Oolite, but in species not 
seen among these fossils. Macrotmniopteris, if present, must be much rarer than 
Tamiopteris. I am not sure that any of this type is Jlresent. There. is one large 
fragment, poorly preserved, that looks much like a 1\.iacrotamiopteris, which resembles 
M. rnagnifolia. There is a ribbed imprint, an imprint of the inner wall of either an 
Equisetum or Schizoneura. It looks more like the imprint Schenk calls Calamites 
Gumbeli of the Grensch, which Schimper makes EqnisetunL Gum.beli. There is a very 
fine plant of Ctenophyllurn gr·andifoliunL of the Hichmonu coal field, and several frag~ 
ments of the same plant. This is of great value in fixing the age of the strata, as 
'this type of plant is unuJistakable, and is not known except in the uppermost Trias 
and Rhetic. ·Schenk's Pterophyllurn carnallia.num is probably a small variety of it. 
I may sa~" here that a few years ago some Mexican brought a few fossil plants from 
Mexico, and they were submitted to me. A.mong them were fine specimens of this 
Ctenophyllum, and from them I felt sure that uppermost Trias and Rhetic extend 
into Mexico. 

There are several good imprints of a Podozamites which I can not distinguish from 
P. E-mmonsi of theN. C. uppermost Trias. Possibly it may be P. lanceolatus. If so, 
it is the Rhetic rather than the .Jurassic type of this widely-extended and persistent 
form of Porlozamites. It is now so much expanded by species-makers that it is rather 
a group-type than a species, like J>ecopteris Whitbiensis. 

There are a number of scattered leaves like Schenk's Zatnites angustifolius or more 
probably Podozarniles tenuistrictus of the Richmond coal. 

There is an imperfectly preserved imprint of a very large Danmopeis, probably 
Danwopsis mar-antacea, another Rhetic plant. It shows the nervation and basal por­
tion of several pinnules attached to the rachis. 

There are probably three different ferns, but they are so few and in such small 



TURNEit.] CARBONIFEROUS BEDB. 549 

fragments of the terminal portions of ultimate pinnrn, that nothing of their true 
nature can be made ont. It is impossible to say if they are Triassic or Jurassic. 
They have rather·rnore of a Jurassic than a Triassic facies. 

Taking all the evidence, I think it can be positi ,·ely said that this flom is not older 
than the uppermost T1·ias, and 11ot yonngm· than the Oolite. I feel pretty sure that it is 
true Rhetic, somewhat younger than the Los Bronces flora of Newberry, amt the 
Virginia Mesozoic coal str:1ta. It is much like the Rhetic Jlora of France, made 
known by Saporta. At any rate, this is a new !Jrouping of ]Jlants that certainly .· 
deserves to be carefully collected. I do not think the fossils now in hand suffice to fix 
nm·1·owly the age, ~uhich n~ay be lowe1· Jurassic. 

In 1895 Professor Ward visited this locality and made a much larger 
collection, although not at precisely the ,;arne point where Mr. Stanton 
collected. This second collection has not yet been studied. 'fhe slates 
of the area are very similar to those of the Mariposa formation, from 
known areas of which they are, however, widely separated. This plant· 
bearing series may be called the Monte de Oro formation, from tl:te point 
so named that lies just north. 

CARBONIFEROUS BEDS (CALAVERAS FORMATION). 

The limestone carrying Carboniferous fossils east of the road to 
J'VIagalia and about 2 miles northeast of Pentz was noted in the previ­
ous report. This locality was first discovered by the Whitney survey. 

In1894 Mr. T. W. Stanton found a loose piece of sandstone near the 
Welch hydraulic mine, about 1~ miles east of north from Pentz, in 
which were impressions of fossil shells. This was referred to Mr. 
Charles Schuchert, who reported that the fossils were not sufficient for 
determining the age, but that one of them seemed to be a Meekella, 
which is known only in the upper Carboniferous. 

Just east of the schoolhouse by the road from Pentz to Cherokee is 
exposed a series of clay-slates with layers of greenstone, which contin­
ues to the West Branch of the North Fork, following the road along 
Cherokee Creek. South of the West Branch are a number of blue 
limestone croppings, some of which were examined by Mr. Stanton, who 
found rounded crinoid stems in the limestone just west of the mouth 
of Cherokee Creek. The localities near the Magalia road northeast 
of Pentz, without much doubt, are in the clay-slate belt above referred 
to. At the mouth of Cherokee Creek these slates strike N. 2so W., 
and dip NE. 70°, but farther southwest the strike is more nearly east 
and west. 

There is some blue limestone ou Big Butte Creek above Helltown, 
and Mr. Diller 1 reports some on Chico Creek 16~ miles northeast of the 
town of Chico, in which he found crinoidal columns. · 

The supposed Carboniferous conglomerate noted by the writer in an 
article in the American Geologist (Vol. XIII, p. 244), to the south of 
the Monte de Oro, is part of the clay-slate belt containing Juratrias 
plant remains described previously, and is therefore of Juratrias age. 

1 Bull. U.S. Geol. Survey No. 33, p.ll. 
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GRANITE AND QUAR'l'Z-DIORITE. 

A rock of the granite series forms a considerable area about the 
Spring Valley reservoir at Concow. 

The walls of the canyon of the ·west Branch of the North Fork of 
the Feather below the bridge of the road to Kimshew, in the northeast 
part of the Chico sheet area, are made up of a coarse-grained granitoid 
rock which the microscope shows to be a quartz-diorite. In general 
both the feldspar and the green hornblende show an idiomorphic tend­
ency, the quartz being interstitial and the last element to crystallize. 

The quartz-diorite is variable in appearance and texture, some of it 
being quite dark and fine grained, and this portion, so far as examined, 
contains little quartz. This finer-grained diorite may be the older and 
may occur as inclusions in the coarse quartz-diorite, but at some points 
there seemed to be a gradation between the two rocks. That the rock 
has undergone compression may be seen at many points, the abundant 
fractures and slickensided surfaces along seams being evidence in th1s 
direction, and the microscope shows the rock to have been much crushed, 
a part of the quartz being broken up into a mosaic. .About one-fourth 
of a mile below the bridge of the Kimshew road the diorite contains 
abundant minute veins, some of quartz, others appearing to be made 
up of epidote, quartz, and feldspar. These veinlets are more or less 
roughly parallel, forming two or more systems, but some are irregular 
and referable to no distinct system. The croppiugs viewed as a whole 
are full of partings, one set having a strike about west of north, and 
another nearly horizontal, while other fissures cut these systems at 
varying angles, resulting in the rock being broken up into polyhedrons 
of varying shape and size. No portion of this diorite area was seen in 
which there was not some evidence of fracturing. The area extends 
south to near Flea Valley, in the area of the Bidwell Bar sheet. 

SODA-GRANULI'l'E OR APLITE. 

On the road from Cherokee Creek, about 2 miles south of Yankee 
Hill, by the pipe of the Spring Valley ditch, is a dike of a coarse 
greenish-white granitoid rock (No. 774), apparently made up wholly of 
quartz, white feldspar, and greenish grains. The feldspar in the speci­
men collected is too decomposed to determine satisfactorily, but from 
the close resemblance of this dike to certain dikes in serpentine in 
Plumas County the feldspar is thought to be albite. The greenish 
grains are seen under the microscope to be chlorite. 

SERPENTINE. 

There are considerable masses of this rock to the east of Magalia, 
along the West Branch of the North Fork and on the ridg-e east of Saw 
Mill Peak. There is also some west of Yankee Hill and at Nelson Bar. 
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Four miles northeast of Oregon City, just east of an old dry reservoir, 
is a dike of serpentine, a thin section of which (No. 540 S. N.) shows 
abundant remains of monoclinic pyroxene, giving evidence that the 
original rock belonged to the peridotite family. 

GREENSTONE SCHIST SERIES. 

These rocks are chiefly exposed in the southeast portion of the 
area. .As before noted, the occurrence to the south of Oroville Table 
Mountain of slates (.ly.[onte de Oro formation) contaming plant remains 
of Juratrias age interbedded in these tuffs shows that part of them 
are of that age, while the same relation of the greenstone tuffs along 
Cherokee Creek to the Carboniferous beds there indicates a Paleozoic 
age for part of them. The greenstone schists of the Chico sheet area 
are quite the same in appearance and composition as those described 
in the Smarts ville and other folios of the foothill region. .An exam ina· 
tion of a number of thin sections shows the rocks to have been largely 
andesitic tuffs, with some layers that may represent massive flows of 
andesite and basalt. Epidote, uralite, chlorite, and secondary feldspar 
are usually present in these altered rocks, and the original constituents 
in many cases can not be determined specifically. .Augite is as often 
left unaltered as is the feldspar. .A considerable part of the greenstone 
shows its fragmental character, plainly containing angular and rounded 
fragments of augitic lavas. The general schistose character of the 
greenstoneschists and the bent and fractured feldspars, seen in thin 
sections, give evidence that these rocks owe their altered condition in 
part to dynamometamorphism. 

Nearly all the rocks of this greenstone series belong to the group of 
augite-porphyrites of Rosenbusch. They may also be called schistose 
apo-andesites and apo-basalts. 

GOLD-QUARTZ MINES. 

In the black clay slate of J nratrias age, south of Monte de Oro, is 
the Banner gold-quartz mine. · 

In the greenstone schists to the east of Table Mountain quartz veins 
occur at several points and have been mined with varying success. 
There are also some quartz veins that have been worked for gold farther 
north, near Magalia and Inskip. 



CHAPTER III. 

THE BlD1VET_. T~ BAH AREA. 

This district extends from the foothills in tlte soiltltwest corner, with 
an elevation in the canyon of the Feather River of only 200 feet, to the 
considerable ridges of the north portion of the area, one point, Bucks 
Mountain, having an elevation of 7,231 feet.· The region is well wooded, 
and much of it is covered with thick brush, making exploration difficult. 
The river canyons are in general very rugged and deep, and in places 
impassable. There are few grauder canyons iu the SierraN evada than 
that of the North li'ork of the Feather just west of Bucks Mountain, 
where it is about 5,200 feet deep, as measured from the top of the moun­
tain, and about 4,300 feet deep as measured from the top of the high 
plateau to the west of the canyon, along the fortieth parallel. Some 
of the scenery is very pieturesque, and there are a number of waterfalls, 
not exceeded in beauty by any others in the State. One of these is on 
Camp Creek, shortly before it joins the North Fork of the Feather, and 
about 2 miles above Big Bar. 

A portion of the canyon of the Middle Fork of the Feather, where it 
is bounded by bare granite walls, is known as Bald Rock Canyon, and 
about 2 miles dowustream from the point called Bald Rock, a stream 
known as Fall River joins the Middle Fork. About 1 mile above its 
mouth this stream leaps over a cliff perhaps 450 feet in height, forming 
a beautiful fall, below which is a series of cascades. 

The grauite of the amphitheater about the· base of the falls is much 
shattered, many of the fissures formed being nearly vertical, and this 
zone of fracturing has probably been the primary cause of the forma­
tion of the cliff over which the water pours. These falls are well worth 
a visit, but are at present difficult of access. 

There are also some picturesque cascades on Powell Creek, a branch 
of the South Fork of the Feather, and a small fall of considerable 
beauty on another brauch of the South Fork near the road from Lump­
kin to Little Grass Valley. The water here falls over a bluff of the 
older basalt. The point is about 7~ miles northeast of Lumpkin. 

The region as a whole is characterized by the great predominance of 
igneous rocks of v.arious ages, from Paleozoic to Tertiary. About one­
half of the area of the sheet is occupied by granitic roeks, more than 
one-fourth by basic igneous rocks and schists derived therefrom, and 
about one-sixteenth by the Tertiary igneous rocks, leaving only about 
three-sixteenths of the area for the sedimentary terranes, and tlleRe con­
tain at some points abundant igueous dikes. 

552 
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FAULTING AND LANDSLIDES. 

On the steep slopes of the canyons one may often note benches, which 
appear to have been formed by laudslides. They may be seen along 
the new lower road to Forbestown from Robinson Mill, where there are 
slight depressious in the benches, which after rains contain water. 

A considerable landslide or fault appears to have occurred on the 
northwest slope of Bloomer Hill. Tbere is a lligh northwest spur with 
gentle top slope extendii1g more thau a mile from the summit of the 
hill, and on the north side of the northwest end of tbis spur is a pre­
cipitous face perhaps 400 feet lligh, the dropped-down area to the north 
forming au irregular series of fiats, on which the old road to Island Bar 
runs. 

A still better example of a post-Tertiary displacement may be seen 
to the west of the head of Dogwood Creek. This fault scarp is shown 
in Pl. XX. The wooded flat lyi11g below and to the east of this scarp 
appears to represent a downthrown area, and tl1e probability of this is 
heightened by the occurrence of Tertiary river gravels and lavas on 
tbis area and tlleir recurrence on the top of tbe ridge to the west of 
the fault scarp. 

Meadow Valley seems likewise to represent a depressed area, with a 
zo;1c of faulting along tbc cast side of the Spanish Peak ridge. The 
Tertiat·y andesitic tuffs to the north and south of Meadow Valley con­
tinue down to the level of the valley; and similar tuffs overlying river 
gravel cap the Spanish Peak ridge, 3,000 feet vertically above the 
valley. This displacement appears to have taken place after the last 
andesitic eruptions, either at the end of the Tertiary or early in the 
Pleistocene, for the valley was the bed of a lake during a part of Pleis­
tocene time. The broad plateau 7 miles southeast of Spanish Peak 
likewise may be regarded as a downthrown block, and the steep slope 
west of Bear Creek a zone of faulting. There are river gravels on this 
plateau, which is mainly covered by andesitic tuffs. That the under­
lying surface of the older rocks is likewise nearly level may be seen 
from the level line of contact between this old surface and the overlying 
volcanic material, as shown on the geologic map. The displacement of 
this plateau is thougbt to be comparatively slight. There is evidence 
of faulting along the Diadem lode at Edmanton, 21 miles southeast of 
Spanish Peak, and this is in the same general fault zone as that along 
Dogwood and Bear creeks and the east slope of Spanish Peak. 

There is a body of gravel directly overlying the Diadem lode. Pro­
fessor Pettee 1 writes concerning this locality: 

Since the deposition of this gravel there has been a fault or slip in the bed rock 
amounting to at least 6 feet. The fault is traced up through the gravel by means 
of clayey slickensides, the surface of which is smooth, and striated with parallel 
lines. That this really marks the place of a creyice in the gravel is further shown 

J Auriferous Gravels of the Sierra NeYada, p. 477. 
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by the presence of rootlets of trees to a depth. of 25 feet below the surface of the 
ground, a depth several times greater than that to which these rootlets make their 
way in the nndistnrhed gravel. i'he strike of the fault or slope corresponds very 
closely with that of the bed rock. 

In 1894 the writer visited the Diadem lode, which bas been much 
exploited since the visit of Professor Pettee in 1879, and was informed 
by Mr. Edman that some of the gravel was carried down 40 feet by a 
fault, and was found in running a drift. He also said that at a point 
on the opposite side of the ravine there is some similar gravel 120 feet 
higher than that above referred to. He thinks that there has been a 
series of faults at this place. 

In the bed of the Middle J;'ork of the Feather River, just above the 
mouth of Onion Valley Creek, the Paleozoic clay-slates are cut by 
numerous dikes. One of these was noted which had been faulted, the 
displacement amounting to about 15 inches. Careful observations will 
probably show that similar small faults are to be found at many points. 
The same sort of evidence may be noted under the microseope in thin 
sections. The faulting is particularly well shown in crushed rocks in 
which there are triclinic feldspars showing lamellar twinning. 

Along the Feather River above the mouth of Onion Valley Creek 
may also be noted a joint system which divides the slates into blocks of 
rhombohedral shape. This system of fissures appears to have formed 
subsequent to the slaty cleavage, aud is dearly explained by Dr. G. 
F. Becker in his paper "On the structure of a portion of the Sierra 
Nevada." 1 

Professor Pettee also notes faults in the bed rock of the Brandy City 2 

gravel deposit, and at Gopher Hill. 3 

SCHISTOSITY AND BEDDING. 

The sedimentaryrocks in the Bidwell Bar area are chiefly argillite, 
mica.-schist, and quartzite, with limestone lenses, and the original bed­
ding, where it can be often determined, coincides roughly with the planes 
of schistosity developed later. However, a careful study of the area 
would probably show minor discordances abundantly. The hornblende 
schists are chietly altered augitic tuffs, but considerable streaks of the 
talc schists were without doubt formed from basic massive igneous 
rocks of the peridotite group, in which pyroxene is a prominent 
constituent. 

A very interesting phenomenon of structure is shown in fig. 19. The 
schistosity represented by the brolien lines is nearly everywhere paral· 
lel to the granite contact. In this respect the region represents a 
striking similarity to the Rainy Lake district described by Lawson,4 

and which is particularly well brought out on the geological map that 
accompanies his monograph. 

I Bull. Geol. Soc . .America, Vol. II, pp.49-74. 
• A uriferoua Gravels, p. 461. 
s Idem, l'· 473. 
• The geology of the Rainy Lake regioq: Ann. Rept. Canadl~n Geol. Survey, 1887, Part F. 
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Professor J_,awson writes (p. 142): 
An important discovery has l•cen made in the mapping of the relative distribu­

tion of the upper and lower Archean, whereby it appears that the latter, consisting 
of Laurentian gneiss and granite, occurs in large isolated central areas more or less 
completely surrounded by the schists of the upper Archean (now called Algonkian), 
the encircling belts anastomosing and forming a continuous meshwork. 

FIG. 19.-Diagrawmatic map of the massive and ~chistose rocks of t.he Bidwell Bar area, showing the 
manner in which the lines of schistosity are, as a 1nle. parallel to tho contact of the massive granite 
areas, whi~b are represented in white without ba.chures. 

Van Rise 1 writes in regard to this phenomenon: 
These relations are taken to mean that the snrro}lnding schistose rocks represent 

sedimentary beds which have been thrust aside by the entering granite. Along_the 
contacts of the Laurentian (Archean) and the Coutchiching (Algonkian) are found 
such minerals as andalusite, staurolite, and garnet.~ 

I Bull. U.S. Geol. Survey No. 86, p. 67. 2!ndicating contact metamorphism.-H. \V. '1'. 
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The similarity of the two districts goes further than the structure, 
for in addition to the granite there are considerable serpentine masses, 
and belts of hornblende schists, with minor amounts of true sediments. 
Though diftering widely in age, some of the sediments of the Bidwell 
Bar area being certainly Carboniferous, in both areas more or less siru­
ilar igneous rocks form the bulk of the districts. 

There is also some similarity as to structure with certain areas in the 
Black Hills, as described by Professor Van Hise.I Surrounding cen­
tral granite masses there are in the Black Hills concentr!c layers of 
schists. These appear to have been formed as a re;mlt of pressure 
which at any given point appears to have been normal to the periphery 
of the granite, which is int.rnsive in and later tltan the scltist series 
(Algonkian), so that the planes of schistosity are parallel to the gran­
ite contact, and frequently at right angles to a previously developed 
slaty cleavage. 

Schists formed in this way as a result of pressure acting normal to 
the contact of the intrusive masses, are believed to exist in the Bidwell 
Bar area in minor amount only. ln general the cleavage of the schistose 
rocks appears to antedate the period, known to be in part late Jurassic 
or early Cretaceous, of the intrusion of the most abundant granitoid 
rocks (quartz-mica diorites and gabbros). The most marked effect 
of ·these .Turatrias intrusions is the formation of pronounced zones of 
contact metamorphism. 

THE SUPERJACENT (TERTIARY AND PLEISTOCENE) SEDIMEN­
TARY FORMATIONS. 

PLEISTOCENE RIVER GRAVELS. 

The old river gravels found above high-water level, chiefly at the 
bends of the streams, are referred to the Pleh;tocene period. Such are 
the deposits at Bidwell Bar and those along the South Fork of the 
Feather near Stringtown, at Island Bar, Hamilton Bar, and Big Bae 
on the North Fork, and at Bartman Bar and Butte Bar on the l\iiddle 
Fork. In fact, there is scareely a stream of any size in the area along 
which such bars may not be fonud. Some of them are still being 
mined for gold. 

Just east of the ~nouth of a branch of the North Fork of the Yuba, 
called Slate Creek, is a nearly level-bottomed ravine, separated from 
the creek by a hill. This ravine is called the Raee Track, and investi­
gation showed it to be a bit of a former bed of the creek. The gravel 
of this former channel is still being mined for gold. 

PLEISTOCENE LAKE GRAVELS. 

The gravel beds about Me,adow Valley, as may be seen by referring 
to the geologic map, underlie the valley and form terraces about it, 
some of which attain an altitude of more than 4,000 feet, the lowest 

I Bull. Geol. Soc . .America, Vol. I, pp. 203-244. 
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part of the valley having an altitude of about 3, 700 feet. 1 A.s has 
been before intimated, this valley appears to have been formed by oro­
graphic causes, probably in early Pleistocene time. The gravel beds 
that form the terraces about it plainly show that it was occupied for a 
long time by a body of water, and a glance at the topography shows 
that this lake must have drained easterly-that is, into the American 
Valley, itself an old lake bed, although apparently a shallow one. 

The Meadow Valley gmvels have been mined very extensively by 
the hydraulic method at Gopher Hill, 1! miles east of Spanish l~anch. 
The banks now exposed show the character of the material finely. 
The exposure ou the south side of the flume shows a vertical bank 
about 150 high iu which are two layers of a light-buff color from 1 to 5 
feet in thickness. The lower layer is perhaps from 40 to 60 feet above 
the bed rock, aiHl the upper layer 50 feet higher. The same material 
is exposed iu a bank north of the flume, and a specimen was taken 
there. Microscopic examination shows this to be composed of isotropic, 
translucent grains, often reddish by discoloration, and doubly refract­
ing grains and ailgular partieles, some of which are probably quart?:. 
The isotropic material is probably volcanic glass. A. partial chemical 
analysis of the speeimen (No. 711 S. N.), by Dr. H. N. Stokes, is given 
herewith: 

Analysis of r·olcanic layer f>·orn G-opher Hill !J1'U1Yels. 

~~------

1 

Silica ................................. _ ....... . 

L::~:s~~-: : ~ ~ : ~ : : ~ ~ : : : : : : : : :: : ::: ::: : : ~ : : ~:: : :: : : I 
Perce~ 

4.1. 8•1 

.32 

.2~ 

This analysis does not appear to suggest a volcanie origin more 
than any other, but the presence of the glass particles shows that these 
layers may represent in part voleanie ashes, perhaps from the Lassen 
Peak Yolcanic vents. 'fhe material is very light and friable. 

The general color of the Gopher Hill gravel is reddish, a dark red 
near the surface. The pebbles are usually small, from 1 to 4 inches in 
diameter, and by far the greater number of them are flattened. Decom­
posed lava pebbles were noted, but the pebbles are mostly composed of 
rocks of the pre-Tertiary formations, quartzite, greenstone, and sili­
ceous argillite being represented. Pebbles of white quartz occur, but 
are not abundant. There is a large am.ount of silt and sand, perhaps 
one-half of the entire material. Lying about over the area that had 
been washed by the hydraulie method were noted many well-worn peb­
bles about a foot in diameter, but there were very few of these to be 
seen in place in the banks. 

'.A.m. Geologist, Vol. XIII, p. 243. 
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A large surface of the lower gravel beds at Grub Flat and vicinity 
has been mined over. Underlying the well-rouuded gravel to the 
northwest of Grub Flat is some decomposed "cement" gravel, made 
up largely of small round red, brown, and white particles between 
which there has been an opaque white secondary substance deposited 
in concentric layers (No. 709 S. N.). Under the microscope this is seen 
to be a distinct tuff, but decomposed. It is made up of microlitic and 
glassy fragments in which the outlines of the feldspars are still to be 
seen. Some fragments contain fresh augite and hornblende grains, 
and there are also grains of serpentine present. Some of the particles 
are thoroughly rounded. 

Along Wanpansie (spelled also Waponseh) Creek some of the lake 
gravel is subangular. Three and a half miles east of Meadow Valley 
post-office, on a branch of Slate Creek, at an altitude of over 4,000 feet, 
is some gravel, with angular blocks of the late doleritic basalt like that 
capping Clermont Hill. Four miles southeast of Meadow Valley post­
office, on the ridge west of Deer Creek, is some Pleistocene gravel reach­
ing an altitude of 4, 700 feet, and a gravel area west of the South I<'ork 
of Hock Creek attains an altitude of 4,.500 feet. There are also gravel 
beds that have teen mined ty the hydraulic method on the ridges east 
and west of Whitlock Havine. These gravels are like those at Gopher 
Hill. There is little doubt that all of these isolated gravel patches 
were originally connected with the large Meadow Valley area of lake 
gravel, although some of them may have been formed ty Pleistoceue 
streams draining into the lake, and some of them may have attained 
their present altitude by displacement subsequent to the lake period. 
The rocky barrier between Meadow Valley and the American Valley 
baH teen cut through by Spanish Creek in late Pleistocene time, and 
thus the lake was drained. 

That the gravel beds about Meadow Valley are a lake deposit was 
first stated, so far as known to the writer, in an interesting report on 
this district in 1867 by J. A. Edman/ from which the following extracts 
are taken: 

On the flats near Meadow Valley the surface gravel rests on tufa-beds of undoubted 
volcanic origin (andesitic tuff), being of an ashy gray color and containing mnch 
pumice. These characteristics generally pertain to that portion of the basin south 
of Meadow Valley Creek. 

The evidence of the geology and present topography points to the IJrobability that 
the Meadow Valley basin contains a lacustrine deposit, principally made by a large 
stream entering the basin from the northwest; and having its outlet at some point 
to the southwest, near upper Rock Creek or Sla.te Creek. * • • 

I naymon<l, Mineral Resources, lg76, PP- 120-121, 123. 
'The gravels that were regarrlcd by Mr. Edman as evidence of a stream entering from the north­

west are in part the white quartz gravels, and are undoubtedly ol<lcr than the lake beds, but in the 
main Mr. Edman's report may be regarded as a very remarkable one, considering how little the geology 
of the Sierra Nevada was understood at the time of its publication. On his geologieal map of tbe 
underlying formations (the bed-rock series) he clearly perceived the difference between the green· 
stone schists, the day slates, and the seq1entine, and his areas correspond roughly with those outlined 
nearly t.hirtyycars later, with all the advantage of goou maps and the increase of geologic information 
since that time. ' 
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Two basins among the hills, known as Snake Lake and Smiths Lake, show recent 
alluvial depooits on the site of former lakes where but small ponds now remain. 
The level surface of the former, about 200 acres in extent, consists of pure vegetable 
mold to some depth, resting on sandy clays and beds of loose gravel. 

That Mr. Edman perceived the late age of the Meadow Valley depos­
its may be seen in tlw first quotation, and Professor Pettee found other 
evidence in tlic same direction in 1879~1 The reader should refer to 
their reports for full information. As may be seen by exr~mination of 
the geologic map, the writer regards the Smith Lake deposit as part. 
of the Pleistocene Meadow Valley gravel. 

EVIDENCES OF GLACIAL ACTION. 

It is again to the report of Mr. Edman that we turn for the first pub­
lished evidence of the former existence of glaciers in the Bidwellllar 
area. Mr. Edman points out (p. 111) that there are evidences of gla­
cial action on the slopes of Spanish Peak ridge, although the accumu­
lations are much smaller than at other localities. These moraines are 
uoted on the geologic map. Between these deposits and the steep 
north slope of the granite ridge are several small but picturesque 
lakes. On the north slope of Bucks Mountain ridge are moraines and 
morainal lakes, and at a point about 2 miles southeast of the summit 
is a little lake or pond that has been formed by a terminal moraine. 
The mOL'aines to the west of Haskells Valley are on the north slope of 
the serpentine ridge of which Grizzly Hill is the highest point.· The 
road from the Buckeye House to Spanish Ranch passes over some of 
this glacial debris. 

Polish was noted on the rock of this north slope, and some scratched 
bowlders were found iu the morainal material. Some granitic bowl­
ders were Hcen here on the serpentine in very perplexing situations if 
•regarded as transported by ice, ::;ince there is no granite about the 
neve region of this former glacier. On close examination, however, 
this granite was found to contain muscovite and ~o be unlike that of 
any of the large granite areas of the district. A more careful search 
showed that these granitic bowlders had weathered out from dikes in 
the serpentine, and are not far from in place. These dikes are in fact 
soda-granulites or aplites, and are briefly described under that head. 

The elevation of the serpentine ridge just south of this morainal area 
is only about 6,000 feet, and this is remarkable as being the lowest 
elevation in the Sierra Nevada, so far as the writer's observations go, 
that sheltered a glacier during the Glacial epoch. The extremely steep 
north slope of this ridge is evidently the explanation of the former 
accumulation of ice at this point. 

On the east slope of the Dogwood Peak ridge, about l,Z miles south­
east of the peak, is a small bank of loose material, apparently a terminal 
moraine. It lies about 500 feet below the top of the ridge. .At the 
head of the ravine which contains this moraine there was a bank of 

1 Auriferous Gravels, pp. 472-4i8. 
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snow iu August, 1894. The rocks below the snow bank were smoothed, 
but no strim were noted. The elevation of the ridge top is more than 
6,000 feet. As a general rule, it may be saitl that in tlJC SierraN evada 
·all those slopes which shelter snow banks duriug the entire season 
nourished glaciers during the <Jlacial period. 

On the high plateau of the northwest seetion of the district to the 
west of the North Fork of the Feather River is another glaciated region. 
There is more or less mor:~inal material scattered over nearly the whole 
of this plateau, and definite moraines are to be seen at the head of 
Chambers Creelr, near the mouth of North Valley Creek, and about 
Crane Valley. 'J'he granite of the drainage above (north of) Crane 
Valley is.frnely polished and grooved in places. 

There are also extensive moraines south of Table Mountain at the 
head of IM.tle Kimshew Creek. These materials, which contain water­
worn pebbles, have been mined for many years for the gold they coll­
tain, The camp was formerly known as Little Kimshew. Snow's mine, 
1~ miles south of Table Mountain, is still being operated. This mine 
is further referred to under the heading "Biver gravels." Morainal 
deposits were fm:merly extensively washed for gold at Big Kimshew, 
2-it miles southwest of Table Mountain, aud at a point east of Rock 
Creek, by the trail fi·om North Valley to Lotts Diggings. Some morainal 
material was also being mined for gold at the time of my visit (1894) at 
a point 4~ miles dne east of Table Mountain. 

At :North Valley, and at several points to the southwest of the valley, 
by the trail, are patches of well-worn gravel. These deposits may have 
been formerly continuous, and may have been formed by the damming of 
the waters of N 01 th Creek by a moraine, which it has since cut through. 
Pebbles of granitoid rocks, pyroxenite ( ?), and of amphibolite were 
noted in these deposits, and in addition rounded fragments of the Ter­
tiary olivine basalt and porphyritic basalt of the ridge to the nortlt. 
The amphibolite pebbles presumably came from near the Uarnpbell 
Lakes. 

NEOUENE RIVER GRAVELS. 

It is safe to assert that in Neocene time, as now, an extensive system 
of rivers existed in tltis area. The great subsequent erosion, however, 
has removed the greater part of the gravels formed by them, and the 
preservation of man:r of the remnants of these old chaunels is due to 
their being capped with volcanic material, which flooded the river val­
leys during and at the close of the Tertiary period. As may be seen 
by referring to a paper by Boss E. Browne on "The ancient river beds 
of the Forest Hill divide," 1 and others by Mr. vV. Lindgren and the 
writer, 2 the Neoceue Auriferous gravels of the Sierra Nevada can be 

1 Tenth Aun. Rcpt. State .Mineralogist of California, pp. 435-465. Browne's third period includes the 
Plmstoceue gravels. 

2 \-V. Lindgren, Two Neocenc rivers of California; Bull. Gcol. Soc. America, Vul.lV. H. W. Turner 
Fourteenth Ann. Rept. U.S. Geol. Survey, p. 465, and Am. Geologist, Vol. XV, 1895, p. 371. 
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divided into two main groups, those of the first period, composed 
chiefly of white quartz pebbles and light-colored clays and sands, with 
minor lava flows of rhyolite; and those of the second period, called by 
Browne the period of the "volcanic cement" (andesite-tuff) flows. The 
former gravels are fre·e from volcanic pebbles; the latter often contain 
them in abundance. The larger part of the auriferous gravels belong 
to the first period. The writer has also suggested the recognition of 
an intermediate period. The pebbles of the gravel deposits of this 
period are chiefly of the pre-Cretaceous sedimentary and igneous rocks, 
and are usually dark in color; such gravel is frequently called "bull or 
bastard gravel" by the miners, and it is often less auriferous than the 
white quartz gravel and is not always of economic importauce. A.n 
attempt will be made to group the occurrences under these three 
periods. 

THE OLDF,R WHITE QUARTZ GHAVELS. 

The great channel from Scales, Sierra County, is preRerved at Union 
Hill, at Council Hill, and at Brandy City, in the soutlJeast corner of 
the Bidwell Bar area, and has been found to be rich in gold at most 
points mined. For full details as to this old chann'el, which has been 
traced into Yuba County, the reader is referred to the report by Pro­
fessor Pettee in Whitney's Auriferous Gravels. The Brandy City 
channel is capped with andesitic tuffs and breccias. There is white 
quartz gravel also at the American IIouse, on the road from Strawberry 
Valley to Laporte. This is not covered with lava, although there is an 
area of basalt immediatelyto the east. The abundance of white quartz 
veins near the gravel suggests a local origin for a portion of this quartz 
gravel. 

A.t the head of Dogwood Creek, to the east of the fault scarp before 
noted, is some river gravel eapped by the ·older black basalt. The 
camp was known as the Sweet Oil Diggings, according to a resident of 
Plumas County. Some of the gravel from a shaft sunk through the 
basalt was examined. Most of the pebbles are of white quartz, but 
there are also some of q uartzit.e, siliceous argillite, and a variegated 
breccia (No. 94 S. N.) which bas been noted by the writer in many 
gravel deposits in Plumas Comity. These breccia pebbles may have 
come from some Juratrias beds called the Milton formation, 1 and may 
be of use in tracing out the former course of the channels of Plumas 
County, as they occur in many of the deposits. 

Three and o11e-half miles southwest of Franklin Hill is a remnant of 
a graveJ channel· that has been mined by the hydraulic method. The 
writer's notes contain no description of the kind of pebbles here. It 
lies at the edge of an area of the older basalt. Some white quartz 
gravel has been exposed iu sl1allow shafts about 1~ miles southwest of 
Franklin Hill, near the road. These two deposits on Franklin Hill 

' Am. Geologist, Vol. XIII, p. 233. 

17 GEOL, P'l' 1-'-36 
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ridge may easily have been connected at one time with the Sweet Oil 
Channel if, as has been suggested, there is a fault at the head of Dog­
wood Creek, but it is also not unlikely that the Sweet Oil Channel rep­
resents a part of the same Neocene river as the white quartz gravels 
underlying Little Grass Valley. At Davis Point, by a ravine draining 
into Fall River from the south, about 12- miles southeast of Cammel 
Peak, there is gravel composed mostly of white quartz pebbles, but 
with some volcanic pebbles also. The bed rock is hornblende-schist. 
The place was visited by Pettee.1 This gravel was hydraulicked. 

XEOCENB lUVRR GRAVELS 01<' THE INTERMEDIATE PERIOD. 

The Dodson gravel mine lies about 3! miles northwesterly from 
Strawberry Valley, at the south border of the basalt flow that caps the 
Mooreville Ridge. The gravel is from 30 to 100 feet tltick and is largely 
coarse, but there is fine material in places. Ti1e pebbles are of granite, 
andesite, basalt, quartz, and metamorphic rocks. They vary in size 
from small pebbles to large bowlders, all well waterworu. A consider­
able amount of finely preserved silicified wood is found here. Professor 
Knowlton determined this as being coniferous wood (Araucarioxylon). 
The basalt capping the mine is from 15 to 30 feet thick, and shows a 
columnar structure in places. Some of the basalt pebbles contain 
crystals of chabazite in cavities. The bed rock is granite. Ludlam's 
hydraulic mine is, without much doubt, on the same cllannel as the 
Dodson. It lies on the north edge of the basalt of the Mooreville Ridge, 
about 4 miles a little west of north from Strawberry VallPy. It differs 
in no essential particulars from tile Dodson mine. The bed rock is 
granite. The gravel attains a thickness of about 90 feet, and the basalt 
capping a thickness of about 150 feet. The lower gravel is chiefly made 
up of the older sedimentary and associated igneous rocks of the Aurif­
erous slate series, and the upper part of Tertiary lavas. Fine silici­
fied wood occurs here also. There is gravel on the 1\'looreville Ridge 
2 miles northeast of Ludlam's mine. Under the basalt of Kanaka Peak 
there are well-rounded pebbles of the kind noted at the Dodson mine. 
At Walker Plain there are gravel beds under the basalt. The gravel 
of this channel at the Buckeye House is much like that at Kanaka Peak 
and the Dodson mine, so far as examined. While it is not probable 
that all of the gravel deposits under the older basalt belong to the same 
period, most of them are similar in containing some pebbles of Tertiary 
voleanic rocks and of the older rocks of the Auriferous slate series and 
without doubt were formed by rivers of later age than tho.se of the white 
quartz gravel period. 

The area of ''bastard" gravel about three-fourths of a mile north of 
Lexington Hill, by the road to Little Grass Valley, appears to rest in 
part on andesitic tuff. Greenstone schists occur immediately to the 
soutl1, but to the north there is nothing but andesitic ash. A shaft 20 

1 Aurifcrouti Gravels, p. 469. 
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feet or more deep, sunk just north of the gravel, penetrated only the 
andesite. The andesitic ash area continues down the slope 400 feet 
vertically to TAttle Grass Valley. This gravel may therefore be sup­
posed to belong to Browne's volcanic period, although the case is not a 
clear one and the gravel is similar to that of the intermediate period. 
Pebbles of quartzite, siliceous argillite, quartz porphyry, a few of vein 
quartz, and one soft white pebble of a Tertiary-looking rock (No. 656) 
were observed in this gravel. The white pebble contains a good deal 
of infiltrated silica~ both chalcedonic and crystallized. A microscopic 
examination shows it to be fragmental, and to eontain untwinned feld­
spars that strongly resemble sanidine .. It appears to be an altered 
rhyolite-tuff. 

On the east slope of Cammel Peak there is a little gravel. 'J'he same 
variegated breccia before noted at other gravel deposits is represented 
among the pebbles. 

On the summit of the ridge south of the Middle Fork of the Feather 
River, at a point about 2 miles north of Lava Cap, is a small area of 
river gravel. This was at one time covered with the older basalt, 
a remnant of which still remains (No. 50 Plumas). There is a consid­
erable variety of pebbles, two kinds of whieh have been determined 
by the use of the microscope. These (No. 78 and 79 Plumas) are 
hypersthene-andesite and apo-hornblende-dacite. Pebbles of quartz­
porphyry, granite, and various metamorphic rocks were also noted. 

The Spanish Peak gravel channel has been described by Profes::;or 
Whitney,1 in part from data furnished by Mr. Edman. Mr. Diller 
visited the Monte Cri~:>to mine, at the south end of the deposit, and 
obtained there some leaves of fossil plants, a list of which is given in the 
writer's former report. Mr. Diller also obtained a small fossil fish ti·om 
Mr. J. G. Pllelps, who found it in the Monte Cristo mine. This was 
examined by Dr. W. H. Dall,2 who reported that'' the opinion may be 
expressed with some confidence that the fish was not marine and that 
it was related to Uranidea." Later the writer collected a few leaves 
whieh were referred to Professor Knowlton,3 who reports as follows: 
"These leaves all belong to a single species, Laurus sctliC'ijoUa Lx. 
·This species was originally described from Corral Hollow, and has 
not before been detected at the Monte Cristo mine so far as I know." 
The lower gravel at the Monte Cristo mine contains a variety of peb­
bles, with fragments of the older basalt, but no waterworn pebbles of 
this rock were noterl. Among the well-rounded pebbles were some of 
the variegated breccia of the Milton formation (467 Plumas), noted as 
occurring at the head of Dogwood Creek. Pebbles of pyroxene­
andesite (469 Plumas) also were found. Scattered over the level top · 
of Spanish Peak itself are abundant waterworn pebbles, including 
many of white quartz. The Spanish Peak ridge deposit is also exposed 

I Auriferous Gra\Tels, p. 216. 
2 Eighth .Ann. Rcpt. U.S. Gco!. Survey,!'· 41R, footnote. 
• .Am. Geologist, Vol. XV, p. 377. 



564 GEOLOGY OF THE SIERRA NEVADA. 

1~ miles west of Spanish Peak, and pebbles of metamorphic and igne­
ous rocks were noted at numerous places in the andesitic agglomerate 
and breccia that caps the channel. 

Two miles south of the Monte Cristo mine, on the ridge south of Bucks 
Creek, is a mass of gravel associated with andesitic tuff. There is also 
a little of the older basalt in place here. The gravels are in general 
like those at Monte Cristo mine. Pebbles of siliceous metamorphic 
rocks, of greenstone, of the variegated breccia, and of andesite were 
noted~ There were also fragments of the older basalt, and bowlders 
and fragments of andesite. At one point a shaft had been sunk through 
andesitic tuff and struck fine white quartz gravel, some of which lay on 
the dump. The pebbles of the gravel flat 6 miles southeast of Spanish 
Peak, on the plateau east of the head of Bear Creek, are mostly of 
qmirtzitc and other siliceous rocks. Overlying this is andesite-breccia. 

About 3 miles south of Grizzly Hill, and north of the point called 
Gravel Range on the topographic map, well-worn pebbles were noted 
scattered along the ridge, testifying to the former existence of a river 
deposit there. Another similar occurrence is at Mullen's farm, on the 
Big Bend mountain ridge about 1 mile north of the abandoned camp of 
Big Bend. Pebbles are said to be scattered along the ridge for three­
fourths of a mile east of the farm. Those seen by the writer had bt>en 
picked up on the farm by Mr. Mullen. They were well waterworn and 
composed of quartz-diorite and greenstone and were from 3 to 6 inches 
in maximum diameter. Some were flattened and others oblong. Two 
of these pebbles had grooves on one side, like stoues used by Indians 
in making arrows, according to Mr. Mullen. The possibil~ty sngge.>ts 
itself, therefore, that all of the.pebbles may have been brought here by 
the Indians. A piece of a stone mortar was also seen. 

At the point called Clipper Mill, on the road to Strawberry Valley, 
is a long streak of Neocene river gravel about 600 feet wide. The 
pebbles arc r-hietly of the older siliceous rocks. There is no volcanic 
material associated with this area. At the west end of the andesite­
breccia area, or about 1~ miles east of Clipper Mill, is a small deposit 
of gravel, known as the Pratt drift mine. About 12 miles north of 
Clipper Mill is the Gentle Anna drift gravel mine. The tunnel ha<l 
evidently cnt the olivine basalt that caps the deposit before it struck 
the gravel, which is halt' rounded and does not appear to represelit a 
large channel. 

The high plateau of the northwest corner of the district, about Table 
Mountain and the Campbell Lakes, is known locally as Gravel Range, 
from the occurrence of gravel at numerous points. Some of the so-

. called gravel is merely morainal material and has been noted under the 
heading, Evidence of glacial action. The white quartz gravel at Lotts 
Diggings, just to the north of the fortieth parallel, is undoubtedly a 
remnant of the oldest river system of tllis plateau. Like the gravel at 
Lotts Diggings the other river gravels are at nearly all points capped 
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by the olivine basalt,· which appears to be part of the same extensive 
flow forming the bluffs on the north side of Chipps Creek (Lassen Peak 
folio). The Butte King and Butte Queeu mines belong to this series, 
but they are. north of the area of the Bidwell Bar sheet. 

The Heese & Jones drift gravel mine is under a spur of olivine basalt 
1~ miles northwest of Table Mountain. The gravel appears to be a 
part of a thin sheet spread over the ground at the time the basalt flow ' 
took place. Some of the gravel is well rounded, but there is also a good 
deal of subangular material of local origin. Rather abundant are peb-. 
bles of hematite, and of chromic iron. The basalt sometimes lies. imme­
diately on the bed rock, cutting off the gravel. Mr. Diller, who also 
visited this locality, kindly fumishe(l me the following notes: 

The Butte King, Butte Queen, Bracken, Gregory, an(l the Jones Bros. (Reese & 
Jones) mines are all apparently on the same stream or channel. From Butte King to 
Jones Bros. mine is about ll miles in a nP-arly dnll south direction. Jones Bros.mine 
is said to be 300 feet lower, but I think that is too much. The grade of the bed rock 
is. south, al).d the miners think the stream flowed that way, but without any other 
reason than the grade. All the mines arp, much alike, awl the mass of the material 
mined is not clear-washeu gravel. To look at the material brought out, one would 
not suspect that it is gravel, at any of the mines. It is angular anu mixed with earth, 
just like slope talus, and yet in tho mines in place, as well as on the dump and else­
where, much clearly washed gravfll is found mixeu with tho angular material. 

The stream was evidently small and most of the fragments are of local rock, 
Good-sized, well-rounded, anu bumped waterworn bowlders, 4 to l.t inches in cliam­
eter, arc quite common. I dicl not see any granite bowlders. Most of the waterworn 
ones are of quartz, quartzite, alHl ilark siliceous metamorphic rocks. The most sig­
nificant pebbles to the miners are little iron stones. These arc well waterworn and 
brown anu heavy. Some of them appear to be brown hematite. Small quartz peb­
bles are not uncommon, but they are not all well waterworn. The rim rock, they 
say, is well defined, and the gravel certainly does run out to an edge on both sides. 
The bottom of the stream is quite regular, but occasionally it rises to the lava. In 
the Jones Bros. mine a little dome rose in the channel aml cut oft' the gravel, bnt 
they continued through anrl fonud gmvel beyond. At .JonPs Bros. mine there is 
about $8 in gold to a small car load of the gravel, and at the Gregory about $2. The 
Butte King fL•rmerly paid $5 to the car, lmt was very expensive to work on account 
of water. The Butte Que,en, ownetl by the same com1mny, is working in the opposite 
direction, antl is clesignecl to tap the samf\ channel. 

The material mined at Snow's gravel mine was deecribed under the 
section on glaciers as being moranial, but there is also some river 
gravel here, well exposed at a hydraulic washing, located at about the 
point where the house is shown on the map. 1 The altitude of the h.ouse, 
according to the maps, is about 5,200 feet. Here may be seen the 
mouths ot tunnels which have been run in on the channel toward Table 
Mountain. At the base of the exposure at the hydraulic washing are 
ab(lut 20 feet ofsand and well-washed gravel. The pebbles of the bot­
tom part of this were of chert, hornblende schist, slate, granite, and 
quartz. Overlying the well-worn gravel and sand is a mass or volcanic 

lTbe houRes of the miners are per hap~ one-half mile southeasterly from this point., anfl mining was 
being carried ou by hydraulicking undergrouud, near the houses, at the time of my visit in 1895. 
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rubble, with some granite, plainly of later origip (morainal material). 
Mr. Snow snppot5es this channel to extend under the lava of Table 
Mountain, and this is not unlikely, for the bed rock is granite, and there 
is no hornblende schist, slate, etc., from which the pebbles of these 
rocks could have been derived nearer than 2 miles. The same pebbles 
of iron ore noted at the Reese & Jones mine occur here. 

There is a small bo<ly of Neocene river gravel about 1~ miles north­
east of Oregon City, on the ridge west of theN orth Fork of the Feather. 
It occupies a :flat on the slope toward tlre North Fork. The pebbles, 
some 6 to 8 inches in diameter, are smooth and well rounded. The 
greatest thickness of the deposit is about 12 feet, but as it has been 
extensively mine<l, portions of the area may have had a greater thick-
ness. There is no lava associated with this deposit. ' 

.As may be seen by examining the geologic map, there are many 
small exposures of old river gravels in the Bidwell Bar area not men­
tioned in these notes. 

The gravels that have been grouped together as belonging to an 
intermediate period represeut ~>ome material that Mr. Browne would 
perhaps put in his first perio,d .. Some of the deposits were doubtless 
made by rivers which· occupied the same channel for a long space of 
time. Thus at Sweet Oil diggings the white qnart;;r, gravels may belong 
to the oldest gravels, and the darker gravels to a much later period. 
It is obvious that much remains to be done before the course of any of 
the Neocene rivers of the area can be indicated, except that represented 
by the Brandy City deposits. 

THE NEOCENE GRA Vl,LS OF BROWNE'S SECOND PERIOD. 

The writer understands that the second period of Mr. Browne includes 
those gravels or volcanic conglomerates composed chiefly of Tertiary 
volcanic pebbles. Such material is rarely sufficiently auriferous to pay 
to mine, and although there are deposits of this nature in the Bidwell 
Bar area no definite notes were made regarding them. In such material 
there arc rarely any fine layers in which we may hope to find fossil leaves. 
There is often, however, silicified wood embedded in the andesitic con­
glomerate and in the andesitic breccia that usually overlies it. 

1'HE TERTIARY VOLCANIC ROCKS. 

The Tertiary volcanic rocks occurring in the district may be grouped 
under the following heads: 

Basalt-
Older basalt (with little olivine). 
Coarse.grained basalt or dolerite. 
Late basalt, dark and fine-grained; chiefly dikes. 

Andesite-
Hornblende-pyroxene-andesite tuff or breccia. 
Fine-grained massive hypersthene andesite. 
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BASALT, 

There are two well·marked types of basalt in the area, one a fine­
grained dark rock, like that of the Oroville Table Mountain, which has 
been called the older basalt, and a coarser variety, usually showing 
with a hand lens numerous olivine crystals. 

The older basalt covers Walker Plain, the ridges north and south of 
the South Fork of the Feather, a considerable area on the ridge north 
of Fall River, and smaller areas at other points, one of which caps 
Kanaka Peak. Although it has been clearly shown that the older 
basalt is at many points covered with fragmental andesite and therefore 
older, there is evidence in andesite pebbles found under the flows of 
the basalt that some andesitic eruptions antedate the basalt. There 
is a series of benches of the older basalt on the south slope of the 
ridge north of the South J;'ork of the Feather, a little west of Little 
Grass Valley. These benches present the appearance of successive 
flows. The entire thickness of the basalt is· there not less than 500 
fee.t. 

There is a small mass of columnar. basalt on the southwest spur of 
Big Bend Mountain, just one· half mile west of Island Bar. Accordmg 
Dr. Peter Fireman, this contains 2.25 per cent of potassa and 3.62 
per cent of soda. 

The coarse-grained olivinitic basalt is found in smaller areas. It 
forms part of the level top of Mount Ararat (No. 54 Plumas), where it 
rests on andcsitic breccia, and is much finer grained than usual. There 
is a considerable flow (No. 81 Plumas) north of Fall River, of which 
Cam mel Peak is the culminating point. The basalt of the plateau iu the 
northwest corner of the district is of the coarse olivinitic type, much 
of it having a marked porphyritic development. The flow may be older 
than the somewhat similar rocks of the Mount Ararat and Cammel 
Peak areas. This· basalt forms the bed of the upper part of Rock 
Creek at one point where the elevation, according to the topographic 
map, is 6,200 feet, the older pre-Cretaceous rocks (here chiefly granite) 
rising to a greater elevation both north and soutl1, indicating that 
the basalt flowed over a very uneven surface, or that it came out in a 
fissure at this point, or that there have been some displaceme~ts of the 
old Neocene surface. The problem was an interesting one, but a snow­
storm coming on, no attempt was made to solve it. 

The late ( 1) fine-grained dark basalt grouped under the third bead is 
represented by two little buttes of columnar lava southeast of China 
Gulch, on the ridge west of Mount Ararat. The lava appears to have 
iSsued at these points; while it is regarded as later than the older basalt 
before described, no positive evidence has been obtained on this point 
in this region. 

About I! miles due west of Franklin Hill is a small basin formed in 
the older rocks. The rim is cut through on the north side, where the 
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drainage of the basin escapes. An examination of the bottom of this 
basin shows that it is underlain by a stratified tuff, some of which dips 
south and southwest at angles varying from 300 to 70o. An examina· 
tion of the specimens collected (Nos. 664-665 S. N.) shows that the tuff 
contains abundant olivine and is of a basaltic nature. Moreover, a 
massive dark olivine basalt (No. 667 S. N.) occurs on the west slope of 
the basin, and is presumed to have come from the same source as the 
material of the tuff. This basalt is darker in color and finer grained 
than the doleritic basalt of Cammel Peak, and presumably represents 
a distinct eruption from a different subterranean reservoir. It difl"ers 
from the fine-grained basalt of the little buttes above noted in having 
a resinous look, such as is seen in some augite-andesites. 

Fragments of serpentine, which forms the walls of the basin, are 
plentiful in the tuff. It is probable that we have here an old volcanic 
vent. 

Analysis of olivine basalt (667 S. N.). 

[Analyst, Steiger.] 

I-".; . . I p~-~ 
I 

Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51. 21 I 
Lime .. :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 36 

Magnesia....................................... 7.12 

Potassa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. 9

9

= I 
Soda........................................... ~ 

ANDgSITE. 

By far the larger part of the andesitic material of the Bid well Bar 
area occurs in a fragmental or pyroclastic form, and may be called 
an<lesitic tuff, breccia, conglomerate, or agglomerate, according to the 
shape and size of the components. As iu other portions of the Sierra 
Nevada, foreign material occurs, mixed with that of volcanic origin. 
This fragmental andesite attains a thickness of more than 700 feet on 
the plateau east of the head of Bear Creek, and about the same thick­
nes..; on the northeast part of the Mooreville Ridge, where it distinctly 
overlies the older basalt. 

About lt miles south of Carnmel Peak, in the canyon of Fall River, 
is a dike-like mass of fragmental andesite. The stream bas cut into 
this dike of andesite-breccia to the depth of about 500 feet, and in the 
dike material in the bed of the river are embedded numerous frag­
ments of fossil wood, as well as pebbles of pre Cretaceous rocks and 
pebbles and fragments of hornblende-andesite and of the older basalt. 
The pieees of wood must Lave been wasbed into this fissure from the 
surface, together with the andesitic material in which they are embed­
ded. The specimens of wood collected were referred to Prof. F. H. 
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Knowlton, who reports that "it is a Sequoia of the redwood, or S. sem­
pervirens, type. The wood is not well enough preserved to enable me to 
say that it is the same as the living red~vood, although it is undoubt­
edly near it." Tllis dike-like mass is about 1,500 feet in width where 
crossed by Fall Hiver. The wall rock is granite. As usual, however, 
the writer \\'as not the fir;;;t to note this occurrence. The place was vis­
ited by Professor Pettee 1 in 1879, but be made no investigations as to 
the nature of the dike. 

The fine-grained hypersthene-andesite noted in two previous publica­
tions 2 is found in the Bidwell Bar area, ~o far as known, only at Franklin 
Hill and at one other point. At Franklin Hill it forms a cap having 
a maximum thickness of 300 or more feet on the nortli slope. The 
characteristic slaty structure of tllis lava is well brought out at this 
place, and a photograph was taken to show the feature, which is repro­
duced in Pl. XXI. The second loeality is the little butte six-tenths of 
a mile south of west from the highest point of Mount Ararat. 

The following are analyses of the fine-grained hypersthene-andesite 
of Franklin Hill. The partial analysis A is by Dr. H. N. Stokes. The 
analysis B is taken from a complete analysis by Dr. Hillebrand, which 
will be found in the table of analyses of the diorite family. 

Analyses of hypersthene-andesite frmn Franklin Hill (661 S. N.j . 

I 
1----------------------------------1 

.A..-~--B. I 
r~6~e;~· P;6~e;~· II Silica ................. _ ................ . 

Lime ................................ .. 7.83 7.53 

1. 37 1. 421 
3. 24 3. 29 

Potassa .. . . . . . . . .................. : .. . 

Soda ................................. .. 
I 

It will be noted that the two analyses are very nearly identical, and 
that the rock approaches an acid basalt in composition, _but other 
analyses of similar andesites from the Downieville area show that the 
rock is usually more acid. 

SUBJACENT (PRE-CRETACEOUS) SERIES. 

AURIFEROUS SL.A.TE SERIES. 

Fossils of Carboniferous age have been found east of Spanish Ranch 
and west of Ouion'Valley Creek, and the clay-slates west of Island 
Bar appear to be the direct continuation of the Carboniferous beds 
near Pentz. 

Limestone lenses are of rather frequeut occurrence. ·when near 
gra.ni~c. as at Hartman Bar, these have usually been altered to marble. 

1 Aurife1·ous Gravels, p. 468. A notice of this dike may aleo be fmmfl in the Jon mal of Geology, Vol. 
~~~ . 

'Fourteenth .A.nn. Rept. U.S. Geol. Sun·ey, p. 489. .A.m. Geologist, Vol. Xiii, p. 311. 
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Although the fossil localities are very few, the similarity of clay-l'dates 
and quartzites is so great in different parts of the area that it seems 
safe to regard all of them as of Paleozoic age. 

THE UNAL'l'EtmD INTRUSIVE IGNEOUS ROCKS. 

GRANITJ<: AND QUAHTZ-DIORITE. 

Nearly all of the quartz-bearing granitoid rocks of the Bidwell Bar 
area may be correctly called quartz-mica-diorites-that i& to say, they 
are granitoid rocks in which the acid soda-lime feldspars (oligoclase­
andesine) predominate. Usually there is both biotite and hornblende 
present in addition to the soda-lime feldspars, and often orthoclase, 
which is occasionally so abundant that the rock approaches a gmnite 
in composition. This is the mtse with the rock about Enterprise, on the 
South Fork Of the Feather River. The rock southeast of Merrimac 
(No. 691 S. N.) may be taken as an example of typical quartz-mica-diorite. 
It is figured, as seen under the microscope, on Pl. XLII. In the large 
area of the north part of the district of which Spanish Peak is a prom­
inent point the quartz-diorite grades over into a gabbro, which forms 
the upper part of the flat-topped eminence known as Bucks Mountain. 
This mass is intersected by a system of horizontal and vertical part­
ings, which result in the formation of square-outlined and picturesque 
bluff's, and in the horizontal partings may also be found the cause of 
the flat top. This gabbro area is indicated on the geologic map, but 
as no line of demarcation between it and the surrounding quartz­
diorite was drawn in the field, the area as outlined indicates in reality 
only a portion of the gabbro mass. An analysis of this gabbro (No. 
705 S. N.) is given below with that of a quartz-diOrite and a granite to 
show the great variation in composition of the granitoid rocks of the 
area. 

.AnalyBcB of grm~ite, quartz-diori.te, and gabbro. 

I ' . -.------~- -----

1 

I Granite ' Quartz diorite I Gabbro 
~~o.22 S.N ). I (No ~:1 S.N.). ~~~-5 S.N.), 

I 

Per cent. I Per cent. I Per cent. 

Silica _ _ _ _ _ _ _ _ _ _ 70. 36 

1

, 59. 68 I 50. 5G 
Lime_ _ _ _ _ _ _ _ _ _ _ 3. 18 6. 62 14. 46 

_l_:_:_(~_:s_s~-::: ::::: ~: ~~ I ~: :~ I 2: ~: j 
The analysis of 22 is by Dr. Hillebrand, of 691 by Dr. Stokes, aud of 

705 by Mr. Steiger. There can be little doubt that the quartz-diorites 
of the Bidwell Bar areas are intrusions and therefore later thau the 
adJoining sedimentary and igneous schists, which, near the granite con­
tact, are often thoroughly recrystallized, at some parts ha.ving a gneis­
soidal appearance. The strike of the schists parallel to the contact of 
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these granitoid rocks may also be taken as evidence that the latter are 
younger, as indicated in the paragraphs on schistosity and bedding. 
That some of tlle quartz-diorite is intrusive is beyond all doubt, for 
along the contact there are sometimes abundant fra·gments of the neigh­
boring rock inclosed, forming a contact-breccia, a view of a hand speci­
men of whieh (No. 333 S. N.) is given in PI. XXX, A. This is from t-he 
border of the quartz-( liorite intrusion 4 miles northeast ofMouut II ope to 
the south of Pinkards Creek. The inelosed fragments are a fine.-grained 
feldspathic amphibolite, probably originally a tuff. In the bed of Mill 
Creek, 12- miles northea-st of Big Bar Hill, a dike of biotite-granite or 
quartz-mica-diorite (No. 766 S. N.) cuts the tremolite and chlorite schists, 
which arc altered forms of pyroxenites, and are in this section associ­
ated with serpenaine as part of the same rock mass. About 21- miles 
south of Big Bar Hill there are streaks of serpentine, amphibolite, and 
quartz schists forming one series, which is cut off Ly a protrusion of 
the large Merrimac quartz-diorite area. The quartz-diorite is often 
intersected by· systems of fissures, as in other districts. This is plainly 
to be seen in the amphitheater at the base of the FalllUver falls, and 
at other points. Where it is more massive, as in the Bald Rock Canyon 
of the Middle l''ork of the Feather River to the east of the point known 
as Bald Hock, there is a tendency to weather in dome-shaped forms. 
Near the contact with other rock masses the quartz-diorite is often 
schistose, as by the stage road west of the Berry Creek house, and on 
Spanish Peak ridge. 

GRANULITE OH APLIT~'· 

As in other districts, there are dikes of granulite and pegmatite in 
the grauitoidrocks containing free silica, or, in other words, the quartz­
mica-diorite and granite. These dikes are likewise found sometimes 
cutting the schists. 

In the Grizzly Hill serpentine area are numerous dikes of a white 
rock varying in texture from coarse to fine. Some of the coarse-grained 
specimens may he seen with the unaided eye to be made up of quartz, 
feldspar, and muscovite. 'rhe microscope shows the finer-grained 
varieties to have the same composition. These dikes do not, as a rule, 
continue fa_r, but one of them (No. 725 S. N.), one-half mile ::;outh of the 
summit of Grizzly Hill, was followed for about 600 feet. The maximum 
thickness of this dike was perhaps 15 feet. Its course was N. 60° W .. 

The microscope sllows this rock to be composed of micropcgmatite 
with a tendency to spherulitic forms (granophyre ofRosenbusch), mus­
c~vite in parts grouped in rosettes, and a few porphyritic quartzcs. A 
chemical analysis indicates that the feldspar of the micropegrnatite is 
largely albite, for the potassa is probably chiefly in the muscovite, and 
there is practically no lime present. 
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AnalyBes of granuliteB. 

[Analyst, Stokes.] 

725 S. N. 565 S. N.l 
I---------------I--P--e-r-cen--: -;,er cent. -

1 

Silica . . • . . . .. .. .. .. .. .. .. .. .. .. .. . .. . 76. 00 72. 65 

Lime.... .. .. .. .. .. . .. .. .. . .. . . .. . .. .. . 19 1. 94 

Potassa .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 2. 77 1. 61 

Sod:. .. . .. . . .. . .. .. .. . .. . . .. . . .. .. . . .. 3. 52 4. 92 

Granulite dikes were also noted in other serpentine areas. No. 745 
S. N., from the Big Bar Hill ridge, contains some microclinc in addition 
to the muscovite, quartz, and plagioclase. The structure of this rock 
is thoroughly granular, and there is no micropegmatite present, or any 
porphyritic quartzes, as in No. 725, and this is likewise true of No. 726, 
which is from near 725 on Grizzly Hill. While dike 725 has a tendency 
to a porphyritic structure which if further developed would place it 
with the granite-porphyries, these soda-granulites are in general in the 
Downieville area and elsewhere thoroughly granular. 

Dike rocks similar to those described above were noted in the ser­
peutine by the trail from Spanish .Ranch to Big Bar. No. 565 S. N., of 
which a partial analysis is given above, is a dike in mica-schist by the 
North Fork of the Feather, about 600 feet downstream from the mouth 
of French Creek. It is composed of feldspar, quartz, and muscovite, 
and seems to have undergone some crushing, resulting in the breaking 
up of some of the components into interlocking grains. The undulous 
extinction of some of the grains points in the same direction. There 
is some chlorite present, and aggregates of minute whitish opaque 
grains. 

GRANITE-PORPIIYRY, 

In the author's previous paper the term granite-porphyry was used 
for a granite in which were developed large porphyritic feldspars. 
While this use is not withou~ precedent, the term is generally employed 
for a porphyritic rock with a holocrystalliue groundmass of quartz 
and alkali feldspar. This groundmass is sometimes so coarse that the 
grains may be seen by the use of a hand lens, but in all cases the ground­
mass is fine gtained as compared with the texture of granites. Granite­
porphyry, while not an uncommon rock in the Sierra Nevada, is seldom 
in large enough masses to be noted on the geologic maps, and btit 
few areas of it will appear on the Bidwell Bar map. No. 213 Butte, 
from the south edge of the granite area to the north of Quartz Hill, is 
a coarse granite-porphyry, the groundmass of which contains much 
muscovite, in addition to quartz and feldspar. The phenocrysts are of 
plagioclase and quartz. The exact locality is one-half mile a little north 
of west from Wagner's. 

' 



TURNER.] GRANITE-PORPHYRY AND QUARTZ-PORPHYRY. 573 

About 1 mile east of Enterprise, on the north side of the South Fork 
of the Feather River, is a dike of granite-porphyry in the granitoid 
quartz-mica-diorite. This dike (No. 99 Butte) has a microcrystalline 
gronndmass of granulitic structure, composed of quartz, feldspar, and 
muscovite, with idiomorphic phenocrysts of quartz, plagiodase, and 
biotite. Nos. 103-108 S. N. are from· dikes of granite-porphyry ( Y) in 
thP Carboniferous slates along the Middle Fork of the Feather River 
at a~ul east of the mouth of Onion Valley Creek. 

The largest of these dikes at the mouth of the creek (No. 103 S. N.) 
is shown on the map. This contains numerous anastomosing veins of 
white quartz, and there are grains of iron disulphide scattered through 
the rollk. Calcite is also present. The groun<lmass of all these dikes is 
microcrystalline with minute shreds of muscovite. While no analyses 
lmve been made of the granite-porphyries of the Bidwell Bar area 
and the nature of the feldspar of the ground~ass lias not been deter­
mined, it is considered safe to refer them to the granite. porphyry group 

. from the close resemblance to such rocks in the neighboring Downieville 
area. 

No. 693 S. N. is a white, fine and even grained rock, somewhat decom­
posed and friable. It was collected by the side of the Quirwy road, 
about 1. 7 miles north of the Buckeye honse, at the edge of a small 
area of basalt like that on Walker Plain. There is a shallow excava­
tion here, and some well-rounded pebbles. This rock strongly resembles 
No. 1639 S. N., from the Sonora district, which is a soda granite-por­
phyry. No. 693 is composed of interlocking grains of quartz and 
feldspar, with abundant muscovite scales. One elongated zircon was 
noted. When first collected the rock was thought to be a decomposed 
rhyolite. It might, perhaps, be corrcetly termed a microgranite, but 
appears to be identical in structure and composition with the granite­
porphyries, except in lacking porphyritic crystals. · It is presumably a 
dike, but its relation to the sunounding schists was not ascertained. 

QUARTZ-PORPHYRY (APORIIYOLITE·PORPHYRY) •. 

In the greenstone schists, about lit miles northeast of Miners Ranch,· 
is a dike about a mile in length and but a few feet in diameter. The 
strike of the <like is to the east of north. It is west of a small stream 
that drains into the Middle Fork of the Feather, about one-quarter 
mile east of Bi1lwellllar. The microscope ~bows thiR rock to be made 
up of a holocrystalline groundmass that appears to be largely feldspar 
in irregular grains and spherulitic forms, but there is present a large 
amount of discoloring material in minute particles. The idiomorpLic 
phenocrysts are of quartz and plagioclase. The quartzes are mueh 
the more abundant. Many of them are corroded, and all, or nearly 
all, of them show aureoles or borders composed of minute grains. It 
is quite possible that the groundmass of this rock bas undergone devit­
rification. 
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DIOR!TJ<J AND DIORITE-PORPHYRY. 

Cutting the quartz diorites at many points are dark-gray, :fine­
gramed ro~ks showing minute needles of brown hornblende to the 
unaided eye. These are abundant in the Merrimac quartz-mica-diorite 
area, and were found along the vein of tbe neynolds gold-quartz mine 
and along the road to Quirwy. A partial analysis of one from the 
Spanish Peak quartz-mica-diorite area is given below. This appears 
to contain some original quartz. Similar dikes are found likewise in 
the Auriferous slate series aiHl associated greenstones. No. 100 S. N. 
cuts the Carboniferous slates on the north bank of the Middle Fork of 
the Feather, 2i miles upstream from the mouth of Onion Valley Creek. 

No. 102 is a similar dike eight-tenths of a mile east of the last. It 
cuts vertically a diabase mass on the north bank of tllC river. Near it 
were other dikes of the same rock, some of them horizontal. As has 
been noted before, these small dikes, often only a few inches in width, 
and usually· extending but a few feet, are among the latest of the so­
called Juratrias intrusives. Jt is very likely, indeed, that their origin 
dates fron1 early Cretaceous time. 

Diorite-porphyries like those above described are sometimes called 
hornblende-porphyrite8, but if the latt,er term is used at all it should 
be ]mralleled with augite-porphyrite and used for altered hornblende­
andesites. 

Certaiu peculiar· diorites containing green hornblende needles are 
also treated of in this section. The green hornblende of one of these 
(No. 817) appears to be actinolite, and as that mineral is said not to be 
a primary constituent of eruptive rocks, a special description of it is 
given below. Unfortunately, it bas not been practicable as yet to 
separate and analyze the hornblende. Diorite No. 817 forms a narrow 
streak ·about one-half mile in length in quartz-mica-diorite, which is 
more or less decomposed, and satisfactory evidence that the diorite 
was intrusive was not found. However, the chemical and mineral 
composition of .tl1e diorite is so different from that of the granitoid 
country rock that its dike nature is regarded as probable. 

Actinolite-diorite (No. 817 S. N.). 

Locality: Four and six-tenths miles south of Table Mountain, on the dividing ridge 
between 13utte and Plumas eonnties, by the trail to North Valley. 

Maeroscopically, a medium-grained greenish-gray rock, with very abundant minute 
glistening ueedles. 

Microscopically, a holocrystalline rock of hypidiomorphic structure. It is composed 
of needles of green hornblende, often twinned, which arc embedded in the 
later feldspar and quartz. The extinction angle measured on 5 needles varies 

• 
1 

from 160 to 20°, the ayerage being 17°. Symmetrical extinction angles meas-
''ured on three twinned needles on the trace of the twinning plane (100) vary 

from 13° to 17°. Except seconclary chlorite and a few translucent brown 
grains, the rock contn,ins practically nothing but the hornblende, Jeldspar, and 
quartz, all three of which are original constituents and quite fresh. The 
magnesia shown in the analysis must therefore be in the hornblende, which is 
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therefore near actinolite, for the alumina (only 12 per cent) must be largely in 
the feldspar, which forms about one-third of tho rock. The feldspar in part 
shows twinning on the albite law with rather low symmetricnJ eKtinction 
angles on 010 in the few grains measured, suggesting oligoclase or andesine. 
The quartz is clear and fresh, and, like the feldspar, undoubtedly primary. It 
exactly resemble') in appearance quartz in general. A positive umaxial figure 
"·as obtained with one grain. The qnartzes also show minute cavities ·con­
taining a liquiu with gas bubble. The greenish chlorite resulting from the 
decomposition of the hornblencle is in part sphernlitic and exhibits olive-gray 
interference colors. ·while most of the feldspar is fresh, some of it contains 
patches ·of alteration products, in part brightly polarizing fibers, probably 
talc or sericite . 

. A. complete· analysis of this diorite will be found in the chapter on 
rock classification. ,It is, strictly speaking, a quartz-diorite, but is evi­
dently of a very ,different pature from ordinary quartz-diorites . 
. Dike rocks are particularly well exposed along the North Fork of 

the Feather River. They appear to differ considerably in composition. 
One that is somewhat similar to No. SH cuts the magnesian schists 
about one-half mile downstream from Big Bar. This is made up of 
feldspar largely polysynthetically twinned, a good deal of micropeg­
matite, with green hornblende in prisms with irregular outlines, and 
patches of brown mica. There are numerous irregular grains and 
some minute prisms of titanite present. Apatite in minute, corroded, 
jointed prisms is abundant. The magnesian schists referred to are 
altered forms of rocks of the pyroxenite-peridotite family. 

Analysvs of diorites. 

I 
Aet.inolit.o1-dio· \Diorite.porphyry 

rite(No.817S.N.). (No.466Plnmas). 

·-~~~~~- --·~---

r Per cent. 

Silica ........ ---.--· ...... ----1 
Alumina .................... . 
Lime ..... _ . ____ .. ___ .. _ .. ___ _ 

Magnesia ......... _ ......... . 

I 
Potassa .... ____ ... __________ . 

54.64 

12.09 
7.74 

11.86 

1. 01 
2.35 So<la ................... ------1 

L~- ---~----

Per cent. 

59.61 

1. 31 
3.58 

The analysis of 817 is by Dr. Hillebrand and of 466 by Dr. Stokes. 

GABBHO. 

Rocks of the gabbro type-that is to say, granular rocks composed of 
labradorite-anorthite feldspars with pyroxene or hornblende and usually 
iron oxide-are not abundant in the Bidwell Bar area. The largest 
mass is that before noted as forming the high, square-topped eminence 
known as Bucks McJuntain. This gabbro (No. 705 S. N.) grades over 
into the quartz-mica-diorite of the Spanish Peak area, the two masses 
not being separated on the map by a sharp line. :No attempt, in fact, 
was made to ;;eparate them in the field. 



576 GEOLOGY OF THE SIERRA NEVADA. 

Hornblende-gabbro (No. 705 S. N.). 

Locality; Summit of Bucks Mountain. 
Macroscopically, a coarse-grained, dark, granitoicl rock. 
Microscopically, the rock shows a coarsely granular structure. The feldspars in' 

most instances show albito twinning, giving in five cases symmetrical extinc­
tion angles· on 010 of from 4° to 27°, showing that some of the feldspar is 
quite basic, in part labradorite. They occur in irregular anhe<lrons. The 
hornblemie is strongly pleoehroic in dark-brown and green colors, and showed 
an extinction angle of 29° in three cases. The hornblendes contain in a micro­
poikilitic manner numerous grains of hypersthene and fragments of plagio­
elase. Hypersthene is abundant and strongly pleochroic. It occurs to some 
extent in irregular, somewhat elongated, prism!!, but chiefly in minute rounded 
grains, so that portions of the section show well the granulitic structure 
described by Judd in· gabbros. Iron oxide is present. 

On the ridge east of Cherokee Creek, in the southeast corner of the 
district, is a small area of gabbro. A brief description of this rock is 
appended: 

Diallage-ga.bbro (No. 287 S. N. ). 

Locality: Eight-tenths of a mile cast of Brandy City. 
M:wroscopically, a rather coarse-grained grayish-green rock. 
Microscopically, it is composecl of allotriomorphic cliallage and plagioclase grains, 

forming a typical granular or gabbro structure. The feldspars are largely 
twinned on the albite law. Seven of the feldspars, cut nearly normal to the 
twinning plane (010), gave symmetrical extinction angles varying from 6° to 
38°, showing anorthite to be present. Two crystals, twinned on both the 
albite and Carls ball laws, proved to be andesine, and a third basic labradorite. 
The diallage occurs in well-rounded grains, as if corroded. Four of these gave 
extinction angles on the trace of the diallage cleavage of from 39° to 40°. The 
diallage is plainly altering to nearly colorless hornblende. -

Near the main road, a little west of Forbestown, is a mass of coarRe­
grained gray-green roek (No. 341 S. N.), which the microscope shows 

. to be a gabbro with very freRh feldspars twinned on the albite, pericline, 
and Carl::;bad laws. The feldspars range from andesine to anorthite. 
The metasilicate is green hornblende, all of which may be secondary. 
It occurs iu wedge-shaped masses between the feldspars. Iron oxide 
and apatite are present. 

A rock of the gabbro type (No. 548 S. N.), in which the original con· 
stituents are nearly all gone, oceurs in the serpentine 1.1 miles north­
west of the dam of the Big Bend tunnel. Remnants of the original 
monoclinic pyroxene are still determinable. 

THE ALTERED IGNEOUS ROCKS. 

~IAGNESIAN SERigs, 

Serpentine, talc, chlorite, colorless amphibole, and actinolite schists 
are in this district associated in an intimate manner, and appear to be 
merely different alteration products of the same original rock mass. 
They are therefore grouped together under the head of Magnesian 
Series, since magnesia is a prominent constituent of all of them. At a 
number of points specimens eollected show on mieroscopic examination 
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that the original was a basic granular rock, varying from a pyroxenite 
to a peridotite. In most cases the original pyroxene and olivine are 
entirely gone, but some of the following specimens show these primary 
constituents in various stages of alteration: 

Peridotite (No.llO IS. N.). 

Locality: One and one-half miles west of Spanish Ranch post-office. 
Macroscopically, this is an apparently fine-grained purplish and green rock, evi­

dently in part serpentine. 
Microscopically, the. structure is coarse granular, and the rock is largely olivine, in 

rather large anhe<lrons, intersected by a network of cracks, which cross at all 
angles, and alon~ these cracks serpentine is forming. Fibrous serpentine and 
tremolite occur between the olivines, evidently as alteration prouncts. Asso­
ciated chiefly with the serpentine are black streaks of magnetite in aggregates 
of minute grains. Chromite or picotite may be present, but was not observed. 

Peridotite (No. 325 S. N.). 

Locality: One-half mile north of the. Winthrop House, on the road to Laporte. 
Macroscopically, it is a medium-grained, dark, greenish-gray rock, showing a pearly 

reflection at numerous points. 
Microscopically, the structure is granular, with ragged grains of nearly colorless 

hornblende, patches of serpentine made up of meshwork of minute fibers 
and remains of an olivine-like mineral. Innaturallight the olivine-like remains 
are brownish in color. One or two show traces of a parallel cleavage extin­
guishing parallei to the cleavage, suggesting that enstatite may 1Je present; 
but most of the grains arc intersected by very numerous irregular cracks and 
are probably olivine. Throughout the section are abundant black granules of 
magnetic iron, sometimes aggregated in streaks. A piece of the rock was 
powdered and abundant magnetic grains were extracted with a magnet. Cal­
cite or dolomite is abundant. The chemic~tl composition of this rock shows it 
to have been originally largely olivine. Although chromic acid is present, 
chromic iron was not observed. The chromic oxide may be in the magnetite. 

AnalJJBis of peridotite (325 S. N.). 
,...-------·-~---

I Per cent. 

---11
1

----

Silica .. _ . _ .... _ ...... __ ... __ . __ ...... _____ . _ .. . 

Alumina.---------- .......... ------·----- .... .. 

Lime ..... -- .......... ---,------ ............... . 
.i\Iagnesia .............. __ . ____ .. _ .. _ . _ ......... . 
Chromie oxide. ______ . _. _ .. _ . ____ .. __ . _ .... ____ . 

Peridotite or pyroxenite (No. 738 S. N.) . 

H.81 

1.88 

6.58 
30.91 

. 29 

. Locality: One and eight-tenths miles southeast of Frenchman Hill. 
Macroscopically, a eoarscly crystalline, even-grained, brownish-gray rock. 
Microscopically, it is composed chiefly of large colorless grains, all of which are much 

intersected with cracks; but certain of them show still a parallel cleavage, extin­
guishing parallel to the cleavage. These are probably enstatite. There are 
colorless amphibole "calcite" aud talc present as alteration products. The 
calcite and 'talc form a sort of matrix between the original grains, in which 
are embedded jointed fibers of colorless amphibole, sometimes grouped in 

17 GEOL, PT I--37 
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radiating brushes. Some grain~ of iron oxide with a little iron !lisulphille are 
present in aggregates. Most of the anhedrons of the original minerals resemble 
olivine in their relief and irregnlar system of cracks, but no serpentine was 
noted as a decomposition prodnct. 

Serpentine (No. lHl S. N.). 

Locality: One and nine-tenths miles east of Spanish H.anch. 
Macroscopically, a rather thinly schistose rock, very dark green in color, with polished 

fracture surfaces. 
Microscopically, it is composed of a yellowish serpentine, abundant black granules of 

magnntic iron in aggregates and grains of calcite in dolomite. The serpentine 
is intersected in all directions by cracks. Much of it is fibrous, polari,dng in 
low gray tints. The magnetic iron was determined also by powdering the rock 
and passing a magnet through tho powder. 

Serpt~ntine-amphibole rock (No. 547 S. N.). 

Locality: 'l'op of the ridge west of the North 'Fork of the Feather and 1.1 miles 
northwest of the dam of the Big Bend tunnel. 

Macroscopically, a coarsely crystalline even-grained rock, apparently made up chiefly 
of a foliated mineral in B!Jnarish grains. 

Microscopically, it is composed of serpentinfl and tremolite. The tremolite occurs 
chiefly in square ragged anhedrons or in small compact plates. The serpen­
tine is in r•atches, and exhibits low gray interference tints. Intersecting this 
serpentine are numerous minute veins of chrysotile, polarizing in yellow tints. 
In natura !light the ordinary serpentine shows a rather deep olive-green color, 
while the ehrysotile is a lighter green. Extinction angles were measured on 
eleven horn blendes, showing maximum interference f'Olors. These gave angles 
ranging- from 130 to :wo, the average being 15.5°. 

Chlorite-schist (Ko. 72+ S. :\ .). 

Loealit~·: Four and three-tenths miles south west of Grizzly Hill. 
Macroscopically, a medium-grained, silvery, greenish rock, with abundant brown 

points, presumablr dne to the decomposition of grains nf iron ore. 
Microscopically, it is composed chiefly of chlorite scales, with olive-brown interfer­

ence colors, the scales largely grouped raclially, forming sections of spherulites 
which show arms of black cross. 

AmJlhibole-schist (K o. 7{;2 S. l'i. ). 

Loeality: 'l'wo miles northeast of Big Bar Hill. 
Macroscopically, a dull, greenish-gray, in part reddish, fine-grained, schistose rock, 

with abundant minute needles. 
Microscopically, it is composed of a meshwork of colorless hornblende fibers, whieh, 

in part of the sections, are more isolated and larger and embedded in a light 
yellow-brown chlorite, nearly isotropic in polarized light. Extinction angles 
measured on seven hornblendes varied from 15°to 20°, the average being 17°. 
This woul<l indicate that this colorless hornblende is not typical tremolite. 

Amphibole-schist (No. 769 S. N.). 

Locality: 'l'wo and i·wo-tenths miles south of east from Big Bar Hill. 
Macroscopically, a fine-grained schist of a light b!'owuish-gray color, weathering 

red !I ish. 
Microscopically, it is composed of rather short, stout fibers and ragged anhedrons of 

a sensibly colorless amphibole. Extinction angles were measure1l on sixteen 
hornblendes, those seleeterlsbowing maximum interference colors. The lowest 
angle measnre<l was 10° an!l the highest 20°, the average being 16°. Scattered 
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through the section are minute prisms of >t clear, yellow-brown mineral, with 
high relief, extinguishing parallel to the prism and showing no sensible 
dichroism. These are probably rutile. In the following analysis the TiO, is, 
doubtless, referable to the rutile, as there appears to be no ilmenite or other 
ti taninm mineral present except the rutile. The section shows that there is 
scarcely anything in the rock except the colorless amphibole, which, previous 
to obtaining the analysis, was presume<l to he tremolite. The analysis may 
therefore be considered as representing practically the composition of this 
colorless aluminous hornblende . 

.dnaly8iB of ant]Jhibole-.w~hist. 

[Analyst.. Steiger.] 

~­

J-·---
---~---, No. 769 S. K. 

Pel' cent. 

Silica ..................... .' ................. . 

Titanic acid ................................ . 

Alumina .................................... . 

Iron oxide ................................... . 

Lime ........................................ . 

Magnesia .................................. .. 

Phosphoric acid ............................. . 

I w • .,,, ,,. -- - ....... -...... --...... -.... -... 

1• 0 ndetenuiuecl. 

Talc-amphibole-schist (No. 7{)5 S. N. ). 

Locality: Bed of Mil~ Creek, 1~ miles north of Big Har Hill. 

48. 15 
. 20 

17.66 

8.94 
6.69 

16.01 

.10 

- ~~,_j 

Macroscopically, a clull, clark bluish-green, fine-grained rock, with slightly greasy 
feel. 

Microscopically, it is composed of needles of colorless amphibole, in part grouped 
in radiating sheaves. The isolated amphibole needles, which sho\V in cross 
section acnte rhombohedral outlines, and large grains of deep-green, nearly 
isotropic chlorite, are imbedded in a Illatrix of minute scales with vivid colors, 
presumably talc, and minute scales with gray polarizing colors, presumably a 
chloritic or serpentiuoid mineral. 

Talc-amphibole-schist (No. 800 S. N .). 

Locality: On the west bank of the North Fork of the l<'eather, about one-half mile 
down stream from Big Bar. 

Macroscopically, a light, greenish-gray, medium-grained schist, apparently largely 
made up of minute needles. The rock has a distinctly greasy feel. 

Microscopically, it is composed chiefly of talc iu minute scales, through which as a 
groundmass are scattered jointed neerlles and sheaves with diverging fibers 
of a. light-greenish amphibole. Extinction angles were measured on four horn­
blendes, varying from 18° to 22°, the average being 20°. The hornhlende is, 
therefore, probably not actinolite, but an aluminous Yariety. Chromite is 
rather abundant, bnt occurs chiefly in little patches. 

Talc-schist (!\ o. 802 S. 1\. ). 

Locality: Within a few feet from No. 800. 
Macroscopically, a light-greenish, very fine gra.ineol. thinly schistose rock, with rather 

glossy surfaces and very greasy feel. 
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Microscopically, it is composed chiefly of minute scales of talc, elongated, following 
the cleavage and arranged approximately parallel. There are present a few 
fibers of colorless hornblende. 

Actinolite( ~)-schist (No. 799 S N.). 

Locality: Within a few feet of No. SOD. This schist occurs in layers, frequently 
dike-like, but continuing only a few feet. One layer was noted curving about 
a body of talc schist like No. SOO. 

Macroscopically, a dull-green, fine-grained schist, with abundant minute greenish 
needles. 

Microscopically, it is composed chiefly of jointed needles and of short, irregular 
anhedrons of a light-greenish hornblende embedded in a fine meshwork of 
slightly greenish, fibrous material, which is in part hornblende and in part a 
chloritic or serpentinoid substance with low gray interference colors, extin­
guishing parallel to the .fibration. Extinction angles were measnred on ten 
hornblende needles, those selected showing maximum interference tints, the 
lowest angle read being 1~0, the highest 19°, and the average 16°, this agreeing 
fairly well with actinolite. 

HORNRLENDE SERIES. 

Under this head are grouped a variety of metamorphic rocks; some 
of these are massive amphibolites and amphibolite-schists, others are 
greenstone-schists containing much uralite, epidote, and often chlorite, 
and st.ill others are diorites, in which the hornblende is supposed in 
most cases to be secondary. All of the above rocks are presumed to 
have been derived from massive igneous rocks and tu:fl"s. The massive 
amphibolites are known in some cases to have been originally pyrox­
enites (see No. 719); the greenstone schists containing epidote and 
ura1ite can often be shown to be altered augitic tuffs; the dioritic rocks 
apparently represent in some cases massive lavas, as on the Forbes­
town ridge, but their origin is not clear, and they are called in general 
metadiorites, that is to say, diorites derived from the alteration of other 
rocks without reference to the. character of the original rocks. 

Certain massive diorites represented by No. 649 may be original 
diorites. Hocks of this type form a large area in the Slate Creek 
drainage east and southeast of the Buckeye House. When the horn­
blende in diorites is uralitic they may be called uralite-diorites, but 
such rocks are included in the broader term metadiorite. An example 
of this is No. 534 S. N., from the Forbestown ridge, an analysis of which 
bas been made. 

There are small amounts of chlorite, tremolite, and talc schists, 
usually occurring in narrow streaks. In general, however, the char. 
acteristic mineral is green hornblende, differing from the hornblende 
(colorless hornblende and actinolite) of the magnesian series in usually 
containing much alumina,I so that the rocks grouped together under 

'.As may be noted in the description of No. 769 S. N., in the paragraphs on the magnesian series, some 
of the colorless amphibole contains much alumina, but it is regarded as probable that the distinction 
here made may hold in most cases, although it is obvious that more analyses are needed to determine 
the point. 
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the head of hornblende series might better be called the aluminous 
born lJlende series. Those metadiorites and greenstone-schists (seeN os. 
552 and 115) which have been metamorphosed by dynamometamorphic 
and hyllrometamorphic agencies usually present a confused appearance 
under the microscope, due to the great abundance of epidote, uralite, 
calcite, chlorite, and . other secondary minerals in minute particles. 
When the original feldspar remains it is usually turbid. When the 
same rocks bave been further altered by contact metamorphism this con­
fused appearance disappears and all of the elements become thoroughly 

. recrystallized. The feldspar and quartz occur largely in clear grains, 
often forming a typical mosaic f'tructure; the hornblende assumes 
idiomorphic outlines and is no longer in minute fibers; epidote, cblorite, 
and calcite usually disappear altogether, and the iron occurs as magne­
tite and ilmenite. Such hornblende-schists are very.abundant in the 
Bidwell Bar area. Nos. 796 and 746 are good examples. In the same 
way the more massive.uralite-diorites are recrystallized into metadiorites 
in which all t.be constituents are fresh. A good example of this is No. 
518 S. N. This is practically a contact-metamorphic form of uralite­
diorite No. 534, both being from the same area. 

Some of the massive amphibolites (see No. 318 S. N.) containing little 
feldspar are metamorphosed by pyroxenites. Included in the horn­
blende series are some layers of lighter-colored altered lavas wllich con­
tain little hornblende or metasilicates of any kind. An example of this 
is No. 568 S. N., from the North Fork of the Feather River, south of Big 
Bend Mountain. This appears to have been an altered acid andesite . 
.Another example is No. 903 S. N., from Big Bend Mon11tain. They are 
very Bimilar macroscopically and microscopically to No. 25 S. N., an 
altered andesite or porphyrite from Eldorado County, aud it is likely 
that they are similar in chemical composition. .An analysis of No. 25 
is given in the table of, analyses of the diorite family. The silica 
percentage of No. 25 (68.58) is that of a dacite, and there is reason to 
believe that free stlica must exist in the groundmass of these acid 
andesites, although none has been identified, and ther·e are no quartz 
phenocrysts in the sections examined. 

No. 329 may be regarded as an altered massive lava, probably an 
augitic lava, in which the metasilicates were present in considerable 
amount, but are now entirely gone and are replaced by uralite and 
epidote. The apparently acid character of the feldspars would place 
this rock with the andesites, but the great alteration and obscured 
structure, taken together with its basic composition as seen in the 
analyses, make this don btful. 

Following Dr. Florence Bascom, 1 such altered or devitrified andesites 
as Nos. 568 and 903 may be called apo-a11desites. In the Rosenbusch 
and Fouque and Levy systems they would be called porphyrites. 

1 Bull. U.S. Geol. Survey No.l3G, 1896, p. 38. 
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The following are analyses of metadiorites and greenstone-schists 
from the Bidwell Bar area: 

Analyses of nwtadiorites and greenstone-schists fron~ the Bidwell Bar area. 

1~-- I Uralite-diorite Altered lava {1),1 Chloritic 
greenstone (No. schist (No. 335 

J(No.534S.N.). 329S.N.). [ S.N.). 

---- .. ------~-;:.r ce:.- - ----;:::;:1-. -~ Per cent. 

S1hca .. __ ... _ .. 
1 

51. 07 49. 86 I 41. 61 
Iron oxicle ...... 

1 

12. 42 14. 29 19. 76 

Lime ........... ! 7.89 7.12 5.92 

Magnesia .... --I 4. 84 4. 35 I 7. 26 
I Potas~a ....... --I . 16 ............................ J 

l Socla .......... -I 5. 04 _:_·~:=~_±~-----~-~- .. j 
No. 534 is from a complete analysis by Dr. Stokes, and Nos. 329 and 

335 are partial analyses by Mr. George Steiger. 
The following description of some of the rocks included in the horn­

blende series represent fairly well the different types, these being 
selected from about 100 thin sections: 

Uraiite-tliorite (No. 534 S. N. ). 

Locality: One mile southeast of Forbestown, by the main stage road. 
Macroscopically, a medium and even-grained, dark-green, granular rock, weathering 

a reddish color. 
Microscopically, the structure is diabase-granular. The rock is composed of diver­

gent lath-like plagioclases, between which green hornblende occurs in more 
or less wedge-shaped grains. Iron oxide is abundant. It is apparently mag­
netite, and occurs in squarish grains. The plagioclase laths are often twinned 
once only, on the aluite law, but occasionally on both the albite and the Carls­
bad laws. Eleven laths gave symmetrical extinction angles on the trace of 
010 of from 3.5° to 15°, the a\·erage being 8°. One feldspar twinned both 
albite and Carlsbad proved to be andesine, and another labradorite. It is 
probable, therefore, that most of the feldspars belong to the oligoclase-andes­
ine series, an·d the rock is therefore a diorite. This is rather remarkable, con­
sidering tho basic character of the rock as shown by the chemical analysis. 
However, if we suppose the magnesia (4.84 per cent) to have gone entirely 
into the hornblende, which is evidently an aluminous variety, and the horn­
blende to contain nearly as much lime as magnesia, which is usually the case, 
then about 4 per cent of the lime will be in the hornblende, leaving about 4 
per cent for the feldspars. Supposing the soda to be chiefly in the feldspar, 
we should then have 4 per cent of lime and 5 per cent of soda for the feldspar, 
a reasonable estimate. In this case the feltlspar would be chiefly andesine. 
The rork may be called, therefore, a basic diorite. 

In two other metadioritcs similar to No. 534 the feldspars appear 
likewise to belong to the oligoclase-andesine series. One of .these 
(No. 522 S. N.), from southwest of Woodville, gave symmetrical extinc­
tion angles on the trace of 010 of from 10.50 to :{.50 in seven cases, 
the average being 12.5°. The other (No. 536) from 1~ miles southwest 
of Stringtown Hill, gave symmetrical extinction angles on the trace of 
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010 varying from 5° to 140, the average being 8°. These three rocks, 
together with No. 518, represent very well the fine, even-grained green­
stones of the Forbestown ridge .. 

Contact metamorphic hornblende-diorite (No. 518 S. N.). 

r~ocality: By new lower road to Forbestown, 1.7 miles east of south from Sunset 
Hill, and about one half mile from the contact with the Swedes Flat qnartz-
dionte area of the Smartsv1lle district. ' 

Macroscopically, a fine, eveu-graine<l, dark iron-gray rock weathering greenish. 
Except iu being finer grained, the texture is very Similar to that of Ko. 534, 
which is part of the same rock mass, and it may be considered a contact­
metamorphic form of No~ 534. 

Microscopically, it is similar in structure to No. 534, the chief characteristic being 
the elongation of the divergent feldspars parallel to the edge pg' (001) (010), 
as m diabases, the intervening spaces between the feldspars being filled chiefly 
with a mosaic of mmnte feldspar and a few quartz grains (this mosaic is 
wanting in the uralite-diorite 534), with compact green hornblende in grains 
and short prisms. The edges of the feldspar laths have an irregular corroded 
outline, which is not the case with 534. Metallic iron oxide is ahnndant in 
small g-rains. Some of the rock was powdered, and the iron oxide was found 
to be strongly magnetic. It is therefore presumed to be magnetite. Epidote 
occurs at one point only. In general all the minerals in the rock are fresh; 
the lath-shaped original feldspars only being somewhat turbid, It may be 
regarded as a uralite-diorite like No. 534, or like No. 536, which has undergone 
recrystallization as the effect of the heat of the intrusive granitoid rock. No. 
536 contains uralite, iron disulphide, and clouds of gray grains, white by 
reflected light. All these constituents have disappeared in the recrystallized 
rock. The green compac.t hornblende of these recrystallized greenstones has 
been well represented by Mr. W. Lindgren in his paper in the Fourteenth 
Annual Report of the Geological Survey, Pl. XVIII. 

l-Jornblenfle-gabbro or diorite (No. 795 S. N.). 

Locality: One and a half miles west of the Campbell Lakes. There i~ along the 
fortieth parallel and to the north of it a very considerable amount of coarse 
dioritiC rock like 785. 

Macro~cop!cally, a dark greenish-gray, coarsely crystalline, massive igneous rock, 
apparently made up only of hornblende aml feldBJJal', 

1\Iicroscopically, a coarsely granular or typically gabbro structure composed of 
nearly even grains of compact green hornblende (one noted twinned), the 
intervening spaces being filled with saussurite, formed by the decomposition 
of the feldspars. 

Quartz-bearing hornblende-diorite (No. 649 S. N.). 

Locality: Two miles southeast of the Buckeye house, in the Slate Creek drainage. 
Macroscopically, a dark-greenish schistose dioritic-looking rock of medium grain. 
Microscopically, the structure is granular. 'fhe plagioclase occurs in squarish or 

rounded grains, some of them twinned with broafllamellre. The green horn­
blende is in rather narrow prisms, some of which show twinning. In cross 
section the characteristic cleavages are seen to be well developed. The horn­
blende appears to be original. '!'he feldspars are turbid and filled with minute 
grains of epidote or zoisite. Quartz occurs sparingly in grains which have 
been largely broken into smaller grains. At many points between the feld­
spars are aggregations of minute grains. The rock has evidently undergone 
crushing, as shown by the broken-up quartzes and fractured feldsparH. 
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Massive amphibolite (No. 318 S. N.). 

Locality: Nearly 2 miles northeast of tb.o Buckeye house, a little southeast of the 
Slate Creek bridge. Most of the greenstone about this mass is much finer 
grr.ined. 

Macrui!Oopically, a very coarsely granular rock of a light grayish-green color, appar­
ently made up entirely of anhedrons of a foliated mineral, either hornblende 
or pyroxene. . 

MicroRcopically, the structure is coarsely granular. Grains of compact green to 
brown hornblende occur, showing the characteristic cleavage and altering to 
uralite. 

Pyroxenite (No. 719 S. N.). 

Locality: About 1.7 miles a little east of south from Grizzly Hill. A sm:1ll amount 
of this rock in an area of the hornblende series. 

Macroscopically, a green, coarsely crystalline rock, apparently all pyroxene. 
Microscopically, a coarsely granular rock made up chiefly of monoclinic pyroxene, 

which is in spots altering to a slightly greenish hornblende and to epidote, 
the latter in large grains. 

Contact-metamorphic amphibolite-schist (No. 796 S. N.). 

Locality: About two-tent.hs of a mile upstream from Big Bar on the west side of the 
North Fork of the Feather. This rock is from near the gr:,nitc, and shows 
the effect of contact metalnorphism in its complete recrystallization. 

Macroscopically, a clark, fine-grained schist, apparently containing minute mica foils. 
lt is cut by a minute white vein. 

Microscopically, it is eomposed of minute, interlocking, clear, gray grains, probably 
of both quartz and feldspar, moRt of which show no twinning or cleavage, and 
minute rounded grains and irregular prisms of a compact green hornblenrle, 
with a minor amount of a greenish-brown mica forming a streak at one point. 
The rock is schistose, as show~ by the hornblende prisms and biotite foils 
being roughly parallel. A minute vein with· relatively large quartz grains and 
a few feldspars showing albite twinning cuts the section. The relief of the 
quartz and feldspar is very nearly the same, and the quartzes show a set of 
parallel fractures which are parallel to the direction of schistosity. A positive 
uniaxial cross was obtained with one of the quartzes. 

Contact-metamorphic hornblenclic schist (No. 749 S. N.). 

Locality: Summit of Bear Ranch Hill. 
Macroscopically, a hard, schistose, fine-grained, dark slate-gray rock. 
Microscopically, the rock is composed chiefly of clear, minute, gray grains, forming 

a mosaic structure. These grains are probably both feldspar an~l quartz, 
jnrlgiug from analogy with similar coarser-grained schists. Some of the clear­
est grains seem certainly quartz. Green hornblende occurs in minute slender 
fibers. This appears to be the same recryatallizecl hornblende as was found in 
No. 518, :md to differ merely in the form of occurrence. Iron oxide is more 
spa.ringly present than in 518. It is probably magnetite. A green-brown mica 
in minute foil~ is less abundant than the hornblende. The original character 
of this rock is uncertain. It may easily have been a fine-grained tuff of inter-· 
mediate composition. 

Uralite-schist (No. 552 S. N.). 

Locality: By an old ditch west of the North Fork of the Feather River, 4.4 miles 
southwest of Big Bar Hill. 

Macroscopically, a thinly schistose green rock. 
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Microscopically, the chief constituent is a nearly colorless umlite in very minute 
fibers and in raggerl prisms. Finely fibrous chlorite wHh low gray inter­
ference colors occurs in spots, and epidote in minute grains, which show 
best without the analyzer. The rock is regarded as the result of dynamo­
metamorphism, and does not show any effects of con, tact metamorphism. The 
nearest granite mass, that of Concow Valley, is lt miles away. 

Apo-andesite or porphyrite (No. 903 S. N. ). 

Locality.: Big Bend Mountain, nine-tenths of a mile northeast of Big Benrl camp. 
Macroscopically, a hard, fine-grained, greenish rock, apparently an altered andesite. 
Microscopically, the rock is porphyritic, with a fine-grained microlitic· groundmass 

in which are phenocrysts of plagioclase. The feldspar microlites of the 
groundmass exhibit in many cases a nearly parallel extinction and are proba­
bly oligoclase. The phenocrysts appear to be somewhat more basic. Clouded 
aggregates that obscure the section are in part epidote. The section is cut 
by veinlets of quartz. 

Apo-ahdesite (porphyrite) schist (No. 329 S. N.). 

Locality: About 1.3 miles a little west of south from Strawberry Valley, in a ravine 
draining into Owl Gulch. There are some narrow streaks of tremolite-schist 
in the 329 area in the same ravine. Note the 1mrtial analysis given above. 

Macroscopically, a dark bluish-green, fine-grained schist. Grains of iron disul­
phirle are to he notefl. 

Microscopically, the structure is microlitic, 'l'he lath-like plagioclase may be the only 
original constituent remaining. These chiefly extmguish nearly parallel to 
their length and arc presumed to be oligoclase-andesine, but may be more basic. 
They are largely twinned, but the trace of the twinning plane is not sharp, aml 
the microlites arA in ttll cases turbid. As seen in natural light, these feldspars 
appear to he embcliueu in a green material, which is seen with crossed nicols to 
be chiefly aggregates of uralite fi hers with more or less epidote in grains. Iron 

·oxide of a dull-black color in aggregates is rather abuuuant. Minute cavities 
are filleu in some cases with interlocking quartz' grains; sometime:> with cal­
careous carbonate and epidote. Little vein lets cutting the section are made 
up of a quartz felrlS]Jar mosaic with some greenish-brown mica, and at other 
points of quartz and epidote and calcite. There are a few scattered grains of 
pyrite or marcasite. 

Chloritic schist (No. 335 S. N.). 

Locality: By the For beetown ditch, 3 miles west of Strawl•erry Valley. 
Macroscopically, a fine-grained, dark bluish-green, schistose rock with irregular 

fracture. 
Microscopically, it is composed chiefly of green chlorite in minute patches and scales, 

iron oxide in very minute grains, ancl calcite, with a large amount of feld­
spathic material which is much obscured by the other constituents. The chlo­
rite is nearly isotropic in polari?-ed light. The rock has a schistose structure, 
due to the arrangement of the grainH of iron oxifle more or less roughly in 
layers, which are often contorted. In natural light the schistosity is best 
shown by the parallel layers of iron-oxide grains. Uralite is present in small 
amount, in minute fibers. A partial analysis of this rock shows the compo­
sition to be quite basic. It is associatetl with other dark, fine-graine•l green­
stones, like No. 329. 

Apo-andesite (porphyrite) (No. 568 S. N.). 

Locality: By the Big. Bend trail on the north side of the Feather Hiver, opposite 
Berry Creek Bar. 
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Macroscopically, a grayish-green, fine-grained, somewhat slaty, flinty-looking rock. 
Looks like a pre-Tertiary an•lesite. Some grains of iron disulphide. 

Microscopically, it is a porphyritic rock with a finely microcrystalline, granular 
groundmass, containing chlorite scales in abundance, which are arranged in 
layers suggesting traces of an original flow structure. The groundmass is 
presumed to have undergone devitrification-that is, to have been originally 
glassy. The plagioclase phenocrysts are beautifully fresh, many of them with 
interrupted borders of chlorite. They are twinned on the albite law in broad 
lamellre. Symmetrical extinctions on the trace of 010 in two cases gave 11° 
and 17°. In some of the phenocrysts there ·are grains of epidote and minute 
flecks of c!Jlorite. There is iron oxide in small grains scattered through the 
section, and epidote. 

Epit.lote-sehist (No. 115 S. N.). 

Locality: Near Rock Creek, 1.7 miles sout!J of east from Spanish Ranch post-office. 
Macroscopically, a fine-grained, light-green, schistose rock. 
Microscopically, the rock is composed chiefly of minute grains of epidote, with 

minor amounts of quartz and felrlspar in minute grains, and scattered uralite 
fibers, tho whole presenting a schistose appearance, due to the grouping of the 
epidote grains in .layers antl to the parallel arrangement of the uralite fibers. 
The latter are abundant at one point in the section. A small part of the sec­
tion shows a distinct cataclastic structure, being made up of broken and 
faultetl twinned plagioclase feldspars cemented by calcite, with a minor 
amount of secondary hornblende in rather largo fibers, some of which are sen­
sibly bluish. The rock is presumed to be a crushed and altered tuff. Except 
t,he twinned feldspars, probably none of the original grains of the rock remain. 

ECONOMIC GEOLOGY. 

GOLD GRAVELS. 

The gold-bearing gravels formed by a preexisting system of rivers of 
Tertiary age have lJeen treated of under the head of Neocene river 
gravels. At a number of points morainal material or accumulations of 
loose rock due to ice action have lJeen found t,o be auriferous. These 
localities are noted under the head of Evidences of glacial action. The 
auriferom; gravels of the Pleistocene lake that formerly tilled Meadow 
Valley are noted in the description of that deposit. No detailed descrip· 
tion seems necessary of the Pleistocene gravels, which are fonnd along 
nearly all the streams forming the so-called "bars." 

Among the notable efforts to mine the river beds themselves is that 
which proved unremunerative at Big Bend. A tnnnel was constructed 
at a point on the North Fork of the Feather where the river turns 
sharply to the east. The river then flows south for some distance, and 
then bends again to the west, making a magnificent horseshoe bend, 
having a length, following the course of the nver, of perhaps 12 miles. 
The tunnel is about 2 mile;; in length and opens into the head of a 
ravine on the west of Big- Bend Mountain, known as Dark Canyon. A 
dam was built at the northeast end of the tunnel, by which, at low 
water, the river was diverted into the tunnel. The amount of gold 
obtained from the river is not known to the writer. The abundance of 
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large bowlders in the bed of the stream, and consequently the expense 
of getting out the gold, is said to have been one reason why the under­
taking failed to be profitable. 

An extremely pretty example of a horseshoe bend on a diminutive 
scale may be seen ou the Ltttle North Fork of the Middle Fork of the 
Feather, 3 miles southeast of Merrimac, where the river is joined by a 
branch creek, known as Bear Gulch. In this case, however, the horse­
shoe itself is not mined. There is here a narrow gorge in the granite 
bed-rock containing pot-holes from 5 to 20 feet in diameter. A dam 
built across the Little North Fork just upstream turns the water into a 
flume, leaving the bed of the stream exposed for mining. The gravel is 
sluiced into the narrow gorge of the horseshoe and allowed to accumu­
late there during the summer to be carried off by the winter floods. 
This mine is known as the Horseshoe·mine. 

THE GOLD-VEIN DEPOSITS. 

In the Bidwell Bar area the gold-bearing veins are, as in other dis­
tricts, composed chiefly of quartz, but there are some notable exceptions, 
namely, the auriferous barite veins of Big Bend Mountain, and the 
Diadem lode deposit. The richest mines are those in the neighborhood 
of Forbestown. For information concerning the production of these 
and other mines the reader is referred to the reports of the State min­
eralogist of California, and to the columns of the .l.Ylining and Scientific 
Press. The mines of the Forbestown district are chiefly in the fine­
grained uralite-diorite or greenstone. previously described, although 
the Shakespeare is close to au area of a granitic rock,·and the diorite 
that forms the country rock of this mine is coarser than usual. Sev­
eral of them are noted on the economic sheet, but the Denver miue was 
the only one eutered. This is on the north slope of the Forbestown 
ridge, about lz miles west of Forbestown, The strike of the vein is 
about 25o south of west, and the dip 70o to soo to the north. The vein 
matter is quartz of the kind called ribbon quartz, and the vein has a 
width of from 5 to 10 feet. As at Forbestown, the country rock is 
fine-grai11ed uralite-diorite. 

The Bee Hive mine, on th~ west slope of Monnt Hope, near the stage 
road, is on the west edge of an area of coarse quartz-diorite which 
forms the hanging wall of the vein. The course of the vein, which is 
from 3 to G feet in thickness, is about N. so E., and tl1e dip 4j0 E. 
The quartz contains free gold, some galena, and sulphide of iron. 
There is more or less talc or sericite mixed with the vein material, and 
this may cause the loss of some of the fine gold, the talc adhering to 
the gold particles aud preventing amalgamation. To the west-of the 
Bee Hive vein the country rock is clay-slate. It is therefore a contact · 
vein. 

The Big Bend Mountain district was visited by the writer, with Mr. 
W. Mulle11, iu 1894 .. A considerable part of Big Bend Mountain, as 
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exposed along the road from the bridge over the West Branch of the 
North Fork of the Feather River to the abandoned village of Big 
Bend, is made up of clay-slates, probably Paleozoic in age, with layers 
of greenstone schists representing original augitic tuffs. The rocks 
along the east and south base of the mountain, as seen along the river 
(the North l!~ork of the l!'eather), are almost entirely greenstones, with 
one or two layers of sedimentary mica-schists. These greenstones are 
h1rgely amphibolitic rocks representing original surface lavas and tutfs, 
probably augitic andesites, but now containing little or no augite. 

There are a number of quartz veins in the schistose rocks above 
described that deserve prospecting. 

Mullen's vein strikes north and south, and the Bohanan veins north­
westerly. Near the latter veins is a dike of granitoid rock, the rela­
tion of which to the vein was not determined. By far the most inter­
esting feature, however, was the occurrence of a vein of barite, or heavy 
spar, containing gold. The deposit is known as the Pinkstown ledge. 
It is located about half a mile due south of the highest point of 

. Big Bend Mountain. The ledge strikes N. 13° W. and dips at a high 
angle (about 800). It is from 2 to 3 feet wide where best exposed at 
the north end, and is composed of a soft, heavy mineral, some of which 
is coarsely crystalline, with a granular structure, but most of it is finer 
grained,· with a schistose arrangement of the granules. No single 
crystals of the mineral were noted having a greater maximum diameter 
than five-eighths of an inch. Dr. Hillebrand made a chemical examina­
tion of this soft mineral, and repo~ted it to be barite. Three sections of 
the barite were examined microscopically, and these show that, wheu 
fresh, there is scarcely any impurity iu the mineral, and in fact no other 
substance was noted except scattere!l minute, reddish, opaque grains, 
which are reddish-yellow by reflected light, without metallic luster. 
They may be limonite. Many of the barite grains show distinct 
cleavages, which appear in the thin sectiom; to intersect at nearly right 
angles. 

A tendency to a radial structure like that of epidote was noted at 
several points in the section. The relief of the barite is rather high. 
A sample was examined for gold by Dr. Stokes, who reported that "the 
barite contains gold, but too small in amount to be determined in the 
wet way." There is said, however, to be enough gold in the deposit to 
pay to work, and the writer understood that the owner of the ledge 
obtained gold from it by grinding up the ore in a hand mortar and 
pnnning it. 

The exact nature of the schist inclosing the barite vein was . not 
determined. On the geologic map this vein is shown as being inclosed 

, in the greenstone series, but there appeared to be a quartzite-like rock 
on the top of the ridge near the vein. The surrounding rocks, how­
ever, belo11g to the greenstone series~ although, on account of tlleir 
decomposed condition, the exact nature of all of them was not made 
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out. There are, however, no definite. clay -slates or mica-schists near 
the vein. '.rhe south extension of the Pinkstown ledge owned by Clarke 
was examined, but no barite was found, the rock on the dump being a 
white, fine-grained schist with a greasy feel. This, as· seen in thin see­
tion, is composed chiefly of minute, brightly polarizing fibers. perhaps 
talc, with numerous minute cubes of pyrite, arranged in rows. 

In the Bidwell Bar area quartz veins are very rare in the serpentine 
areas, and not common in the granite or quartz,diorite areas, with some 
exceptions to be mentioned later. They are common, however, in the 
talc schists, as may be seen at Quartz Hill, north of Lumkin, bnt the 
writer knows of rio case where the veins in the last-named rock have 
warranted the erection of a stamp mill. 

Near Merrimac, in the granitoid quartz-diorite, some quartz veins 
have been found to contain considerable gold. One of these, the 
Reynolds mine, was worked for some time. 

GRANITE-BASIN DISTRI<;:T. 

The following notes on this district are taken from a report by Mr. 
J. A. Edman, of Meadow Valley, who has macle a very careful study 
of gold ores by the aid of the microscope: 

The quartz veins worked are here chiefly in granite, bounlj.ed on the east by 
hornblende rock and to the west by talcose schists and. soapstone. The veins have 
a general northeast and southwest trend, standing vertical or at a high angle; 
they are narrow anil seldom reach over 2 feet in wirlth. 'l'he walls are generally 
well defined and the granite is decomposed near the surface. Quartz forms the vein 
matter, carrying much gold-bearing pyrites, with small quantities of galena and 
zinc blende; near the surface the ore is oxidized to limonite, associated with wulf­
enite and lead sulphate. This camp has been in existence for over twenty years as 
a quartz-mining region, but developments have not reached any great depth, seldom 
exceeding 100 feet. The ores are high-grade, and may be estimated to average $20 
per ton. Two small stamp mills are in operation, depending on the free gold for 
their profit, as the high-grade snlphurets are generally wasted. 

Quartz veins in the clay-slates are numerous in the Bidwell Bar area, 
as elsewhere. One of the most interesting lodes in these rocks is south 
of Meadow Valley, and has been worked at variouH times for many 
years by Mr. J. A. Edman, who gives the following account of it: 

DIAD~J~I LOD~J. 

The principal mines of this lode are the Diadem, Red Point, Victor, Honeycomb, 
and Chicken Flat, at an altitude of 4,700 feet. The strike of the Diadem lode is 
nearly N. 37° >V., dipping 60° to the northeast. The average width of the lode in 
the Diadem mine is 60 feet, !tnd tho vein matter is a highly ferruginous mass of 
decomposed material, consisting of quartz, talcose slates, oxides of iron and man­
ganese, with lwclies of aluminous rocks forming horses therein, and large masses of 
siliceous dolomite appear in the lower levels, in all stages of alteration. ThiH mine 
has been exploited to a depth of 300 feet, and furnishes enormous masses of low-grade 
ore, with very rich veins containing coarse gold on the foot wall. One-half of the 
lode is estimated as available for profitable mrlling. Rich selenides of gold aud 
silver, combined with lead and copper, are found as a rarity; various gold-bearing 
sulphurets, varying much in value, appear at all points of the workings. 
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The Diadem lode is thought by Mr. Edman to have been originally 
dolomite, which has been in part replaced by quartz and other veiq 
material. In addition to the minerals named above, rhodonite, a sili­
cate of manganese, and zoisite arc said to oecur in this lode. There is 
a vein of pyrolusite, or oxide of manganese, about 2 to 3 feet thick, 
about 150 feet vertically below J\fr. Edman's house, in or near the lode. 
As noted under Faulting, there is evidence of recent movement along 
this lode. 

IRON ORE. 

According to Mr. Edman, there is a well-defined vein of hematite and 
magnetite parallel with the Diadem lode and distant 400 feet westerly, 
conforming to it in dip and strike. It may be traced tor more than 2 
miles, and runs from6 inches to 3 teet in width. The adjoining chloritic 
slate is largely charged with grains of magnetic iron. 

CHROliU'l'E. 

Bodies of chromic iron in place are noted on the economic sheet in 
the serpentine belt about 2 miles west of Spanish Ranch post-office, and 
about three-fourths of a mile southwest of Meadow Valley, to the south 
of Clear Creek. 

According to Mr. Edman, pebbles of chromic iron are abundant in 
the Meadow Valley conglomerate. 

LIMES1'0NE AND MARBLE. 

The limestone lenses have been noted on the geologic map, from 
which their location ean best be determined. 

Certain of these masses have been converted into marble, some of 
which is massive and even-grained and will probably answer for orna­
mental and building purposes. Such a mass is Marble Cone, on the 
north side of the canyon of the Middle Fork of the Feather, east of 
the month of Willow Creek. 



CHAI'TER TV. 

THE DOWNIEVILLE AREA. 

Like the Bidwell Bar district, the area now to be described is as a 
whole well wooded, with considerable areas thickly covered with brush. 
Those ridges that rise above 7,000 feet are, however, much more scan­
tily clothed with vegetation, and on some slopes where glaciers have 
cleaned oft" the loose rock, as at the Sierra Buttes and the basin of the 
Bear and Long lakes, the rockR are almost entirely devoid of any cover­
ing. The highest elevation is the main peak of the Sierra Buttes, in 
the southeast section, with an altitude of 8,615 feet, and the lowest, 
Indian Valley, in thP Routhwest corner, with an elevation of about 2,400 
feet. The Middle Fork of the Feather River, which erosses the central 
part of the district, is remarkable as being the only river that nearly 
cuts across the entire width of the Sierra Nevada. The main rivers 
have a westerly course, but this is not true of their tributaries, which 
flow in all directions. 

In the central and southeastern part of the area are numerous lakes, 
largely the result of glacial action. Particularly attractive is the group 
of lakes on the east slope of the high ridge that joins the Sierra Buttes 
and Eureka Peak. Of these the Sardine lakes and Gold Lake are the 
most accessible, there being a wagon road to each. Nearly all of these 
lakes contain trout, and, with the grassy meadows near them, furnish 
ideal places for summer camping. 

EVIDENCES OF FAULTING. 

In a bulletin published in 1886/ Mr. Diller treats of faulting in 
Plumas County, and indicates three normal faults of considerable 
throw, resulting in three tilted blocks, the depressed or western part 
of each of which is now covered with Pleistocene valley deposits. 
The most western of these normal faults is east of Clermont Hill, Amer­
ican Valley lying at the base of the scarp; the second fault scarp is 
represented by the east slope of Boughs Mountain, at the north end 
of the high ridge of the Grizzly Mountains, with Indian Valley at. its 
base; the third scarp lies west of Honey Lake. In a later publication,2 

however, Mr. Diller considers the displacements that have occurred on 
the east slope of the Grizzly Mountains, or about Taylorville, to have 
resulted from overthrust faulting, a kind of displacement that is 

'Bull. U.S. (ieol. Survey No. 33, pp.l2-16. 
2 Bull. Geol. Soe. Am., Vol. liT, pp. 384-394. 

5lll 
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said to occur usually at the time mountain ranges are folded, which in 
the Sierra Nevada would be about the close of the Jurassic. 

The steep east slope of the Grizzly Mountains must then be explained 
by stream erosion siuce the post-Jurassic upheaval, and in that case 
there is no reason to resort to the supposition of normal faulting to 
explain the steep northeast slope of Clermont Hill and the steep slope 
west of Spring Garden Creek. 

In a paper published in 1892 Mr. ,Tarlws E. Mills, who has made a 
very detailed study of the geology about American Valley, concludes 
that "the Tertiary and Quaternary uplifting, to which the relative 
relief of the present range is due, has been principally if not entirely 
by faulting." From the context it is apparent that the faults recog­
nized by Mr. Mills in Tertiary and later time are normal faults. 

In 1891 the writer published some evidence of normal faulting in 
MohawkValley.1 

To one standing on the summit of the high wide plateau west of 
Mohawk Valley and looking eastward, the region to the east of the 
valley presents all the appearance of being a down thrown area. The 
slope to the west of the valley is an exceedingly steep one, rising at 
some points 2,500 feet in 1~ miles. This slope, moreover, is composed 
wholly of the pre-Cretaceous rocks, although these are hidden at some 
points by morainal debris. To the east of the valley Tertiary volcanic 
material covers large areas and forms the summits known as J acksou 
Mountain, Penman Peak, and Pilot Hill. Where the pre-Cretaceous 
rocks occur they are at low elevations, at no point within 3 miles of 
the valley having a greater elevation than 5,300 feet or 800 teet above 
the lower part of Mohawk Valley. The best evidence that•a great dis­
placement has occurred here in Tertiary time consists of the presence 
of river gravels on the high plateau to the west. At one point, about 
2~ miles northwest of Haskell Peak, there is a heavy mass. of well­
rounded gravel at the very edge of the escarpment, and a considerable 
portion of this mass has by gravity traveled down the slope, so that 
the apparent thickness of the deposit is about 500 feet. To the 
northeast and west of Haskell Peak, and also close to the edge of the 
escarpment, are smaller masses of similar gravel, all of them capped 
wit·h rhyolite and all at an elevation of about 7,000 feet. It is evident 
that we have here remnants of an old river deposit formed by a stream 
flowing at a moderate grade. It is not likely that any geologist will 
hold that such a stream could have existed along the edge of a plateau 
having a steep escarpment. There can be no reasonable doubt that 
since these gravels were deposited a profound displacement has 
occurred, in virtue of which that portion of the former plateau lying to 
the east of the present escarpment bas dropped dowu 2,000 or more 
feet and now lies in part buried beneatl1 the sediment of the former 
Mohawk Lake and beneath Tertiary lavas. This downward displace­
ment must have beeu preceded by an elevation of the rauge; 
--- --- ------~·--------

I )fohawk Lake Beds, Bull. Phil. Soc. Washington. 
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Mohawk Lake, just referred to, as will be seen later, occupied the 
present Mohawk Valley in Upper Miocene or Pliocene time, although 
the lake at this period may not have been a deep body of water. The 
basin occupied by this lake may be regarded as the result of the dis­
placement above referred to, in which case the faulting probably took 

. place in Miocene time, for the lake beds lie at nearly all points approxi­

. mately horizontal, showing that the steflp slope to the west must have 
existed when they were deposited. The writer refers here particularly 
to the older Tertiary beds, composed chiefly of fine white sediments. 
It is of course equally true that the Pleistocene lake beds which cover 
up and largely conceal the older beds are also approximately hori­
zontal. These more extensive Pleistocene beds were deposited by a 
body of water of some depth, due to the damming back of the water 
by andesitic breccia as described under the head of Lake Beds. Slight 
displacements have, however, occurred in comparatively recent times 
in the lake beds, indicating a zone of weakness presumably established 
at an earlier date as above indicated. The lake beds arc disturbed in 
the immediate vicinity of this line of faulting, but rest horizontally a 
few feet to the east and west of the fault line so far as determined. 

Faults with a small throw in Pleistocene sediments were noted on 
the east side of the Middle Feather River, opposite Wash post-office, 
and on the south bank of the river, about 1 mile upstream from Wash 
post-office. About a mile farther east, where most of the fossil leaves 
were collected that are referred to under Tertiary lake beds, a fissure 
was formed in the tuff and breccia beds at the time of an earthquake 
(about 1876). This fissure is said by Abel Jackson, on whose place it 
is located, to have been aborit 2 feet wide, and he says that warm air 
came out of it for a time after the earthquake. The place was formerly 
the resort of numerous rattlesnakes, attracted no doubt by the warmth. 
At the time of my visit (1889) air slightly warm (as tested by the hand) 
and moist still issued from the holes along the former fissure. A little 
east of the fissure is a warm sulphur spring. Near this· is another 
spring which soon after the earthquake was so warm (according to Mr. 
Jackson) that the hands could not be held in the water. .As further -
evidence of a disturbance at this point it may be said that the shales 
from which the leaves were obtained dip from 50 to 30° to the west. 

Farther south, just east of the springs at the Sulphur Spring House, 
the lake beds are likewise flexed, at one point dipping 220 to the south­
west. The so-called sulphur springs had in 1890 a temperature of 
750 F., as tested by an immersed thermometer. 

Artesian wells along the west side of Sierra Valley are said in some 
cases to strike hot water, which may be regarded as evidence of the 
existence of a fissure. The fault said by Mr. Mills to exist along 
Spring Garden Creek and near Cromberg/ oit the Middle Feather, may 
be c~rrelated with the zone of faulting above indicated. 

I Bull. Geol. Soo. Am., V ol."III, p. 418. 

17 GEOL; PT I----38 
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In conclusion it should be stated, however, that the writer's investi­
gations of the geology about Mohawk Valley have been of a somewhat 
hurried nature. A more thorough study of the district wonld bring 
out many points of interest, and it is hoped that this may be undertaken 
by the future investigator. 

For other evidences of faulting the reader is referred to the descrip­
tion of the Neocene river gravels. 

THE SUPERJACENT PLEISTOCENE AND TERTIARY SEDIMENTARY 
TERRANES. 

PLEISTOCENE ALL UVIAL DEPOSITS. 

The most recent Pleistocene deposits, forming the alluvial bottom 
lands, occur along streams and form the lowest portions of most of the 

. valleys. On the geologic map these most recent deposits have not been 
separated from the earlier Pleistocene. American Valley appears to 
represent a basin formed in part by orographic causes at the time the 
normal faulting to the west of Spring Garden Creek and northeast of 
Clermont Hill may be supposed to have occurred. 

Grizzly Valley is nearly surrounded by volcanic ridges, and may 
perhaps represent an inclosure formed by the piling up of the volcanic 
material about it. The clay and fine sediment filling it are chiefly of 
early Pleistocene age, with bottom lands along Grizzly Creek and its 
branches, of later formation. 

The deposits along the Feather River from Bell's J?ar up to the mouth 
of Jackass Creek are chiefly coarse gravels, ami materials of the same 
sort underlie Long Valley. The age of these is presumed to be chiefly 
early Pleistocene. These gravels have been mined at Bell's Bar, along 
Rattlesnake Creek, and at other places. On the west of Willow Creek, 
about one mile north of Nelson Point, is a considerable area of early 
Pleistocene gravel. The western border of this area has an elevation 
perhaps 400 feet greater than the portion of the area bordering on 
Willow Creek. 

Along most of the rivers are to be found the usual bars, of which 
English Bar, on the Middle Fork of the Feather, is a good example. 
All along the North Fork of the Yuba River, from Indian Valley to 
Sierra City, are gravel banks or bars, some of them as much as 150 
feet above the present river. Ther'e are pebbles of Tertiary volcanic 
rocks mixed with those of older rocks in these gravels. Downieville 
rests on Pleistocene gravel, as does also Goodyear's Bar. There are 
narrow areas of these old gravels also extending for several miles along 
.the brauches of the North Fork of the Yuba north of Downieville. 

EVIDENCES OF GLACIERS. 

The ridge in the northern part of the area known as the Grizzly 
Mountains supported a few small glaciers on its eastern slope, but there 
appears to be no evidence of glacial action on the wm;tern and southern 
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slopes. Hough's Peak is one of the high points of this ridge, lying 
north of the fortieth parallel. Crystal Lake, which is on the north 
slope of this point, owes its origin to a terminal moraine. Another 
smaller terminal moraine was noted at the east base of a bluff that lies 
east of the peak. On the steep east slope of the ridge at Tow(jr Peak 
there are several crescentic masses of morainal material, and on the 
east side of Little Grizzly Creek, opposite the mouth of the stream 
which heads at To.wer Rock, is a piled-up mass of quartz-porphyry and 
greenstone bowlders that appears to be a terminal moraine. 

Much the finest glacial district, however, is that of the ridge join­
ing the Sierra Buttes and Eureka Peak. The east slope of the buttes 
and the neve basins about Gold, Bear, Wade, and the Jamison lakes are 
well polished and scored. So also is the north slope of Eureka Peak, the 
moraines on the lower east and north slopes of which are very interest­
ing, showing by their forms especially well the course cf the glaciers. 
Eureka Lake is a reservoir, the construction of which was made easy 
by the manner in which the moraines surround· it, forming a natural 
basin, open only to the north. A medial moraine runs from the moraine 
on the east side down the slope in an easterly direction, forming the 
backbone of the side ridge north of Johnsville. In this moraine are 
abundant bowlders of gabbro from the area on the east slope of Eureka 
Peak. The terrace on which Johnsville is situated shows stratification 
in its upper layers. All about Johnsville are enormous accumulations 
of morainal material. Over an area of 15 square miles none of the 
underlying formations are exposed. On Frazier Creek, and at other 
points, this moraine stuff has a depth of 700 feet. The bowlders are 
chiefly of quartz-porphyry and greenstone, fror the extensive areas of 
these rocks in the neve region of Eureka Peak, Mount Elwell, and Gold 
Lake. This morainal area merges on the east into the terraces formed 
by a Pleistocene lake that appears to have filled the Mohawk Valley at 
the time the glaciers were in existence. Opposite Jamison, on the east 
side of Jamison Creek, there is an exposure of the moraine material at 
the point where the highest lake terrace begins. The underlying coarse 
gravel and subangular material are roughly stratified. In the bed of 
,ramison Creek, just below the bridge at Jamison, a shaft was sunk 
some years ago to the depth of 270 feet, all in gravel. This shaft is 
still to be seen. There must therefore be a great thickness of detrital 
material here. 1 

'fhe sharpness of the lin~ separating the bare glaciated surfaces of 
the rocks that were covered with glacial ice and the morainal material 
is rather remarkable in this region. Plate XXII, from a photograph 
of the northeast slope of the Sierra Buttes, is intended to illustrate 
this fact. The lake shown is the lower Sardine Lake. From the upper 
(west) ~nd of this lake to near the top of the buttes all is bare glaciated 
rock, with only occasional bowlders. The morainal material of the 

' Bull. Phil. Soc. Wash., Vol. XI, p. 393. 
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moraine souLh of this canyon begins at the west end of the lake, and 
extends diagonally up the ridge south of the lake, and from that line 
northea:sterly the ridge is composed entirely of glacial debris. The 
wltite material west of the lake is a reservoir of finely comminuted 
quartz from the mill of the Young America quartz mine, which formerly 
operated farther up the canyon. 

Another interesting feature is brought out in Plate XXIII. The 
long moraine here shown is the same as that just described beginning 
just south of the lower Sardine Lake. It ltas cut across an older 
moraine, which bad a more nearly north-and-south trend, and appears 
to have been formerly a glacier moving down the drainage from the 
Salmon lakes basin. The white level lines on these moraines are ditches 
an~ roads. 'rhere is practically one continuous sheet of moraine 
material from Gold Lake to the southeast slope of the Sierra Buttes. 
All of the level land east of Gold Lake, known as Church Meadows, 
appears to be underlain by moraine stuff. The valleys of the streams 
to the west of the high ridge of the Sierra Buttes and Eureka Peak 
likewise formerly contained glaciers, the one in the canyon of the East 
Fork of the North Fork of the Yuba originatitig north of Gold Valley 
and at one time filling that valley, the bottom of which IS covered with 
ground moraine, a]l(l the one filling the canyon of. the Middle Fork of 
the North Fork originating about the Spencer lakes and the northeast 
slope of Rattlesnake Peak. 

Sierra City is in part built on moraine material. There were like­
wise glaciers on the north slope of Deadman's Peak, in the canyon of 
the South Fork of the North Fork of the Yuba, and at the head of the 
Middle Fork of the Yuba at Milton, and elsewhere. Small glaciers 
existed at Pilot Peak and at the head of Nelson Creek, and there is 
some moraine-like debris west of the Blue Nose Ridge. 

In 1890 lll<)rainal stuff was beiug mined on Poor Man's Creek, north­
east of Pilot Peak, by the hydraulic method. The gold was mostly 
angular, and came chiefly from a white dikfl of Tertiary quartz-porphyry 
or rhyolite.' 

On the slope west of Mohawk Valley, two miles south of Wash post­
office, is Bennett's hydraulic gold gravel mine. 'rhe bed rock is granite. 
On the north side of the ravine the material lying on the granite is 
seen to be made up of clay crmsiderably compacted, with numerous 
pebbles and bowlders, which are generally well rounded. On some of 
them scratches were evident. The upper matedal was composed of 
sand and g-ravel, with many fragments of granite, and of pre-Creta­
ceous and Tertiary volcanic rocks. Traces of a rough stratification 
were noted. The material is supposed to be part of the higher terraces 
of the Pleistocene Mohawk Lake, and to have been furnished by the 
glaciers on the slope above, and therefore to be partly morainal. 

Four miles due west from the summit of Mount Ingalls, on the top of 

· •.A.m. Jour. Sci., Vol. XLVII, p. 473. 
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the ridge east of Little Grizzly Creek, is an area of andesitic breccia, 
at the south end of which is a small mass of the densn older basalt. 
Lying on tlte andesite and oil tlte underlying Carboniferous rocks of the 
east slope of the ridge is a moraiue.Jike mass of rubbh·, including many 
granite bowlders, and some of the older basalt which may easily have 
come from the small area on the ridge just so nth of the andesite. The 
granite bowlders arc particularly abundant northeast of the north end 
of the andesite area. They may have been formerly embedded iu the 
fragmental andesite, although their distribution suggests strongly a 
morainal origin. A glance at the geologic map, however, will show that 
this origin is difficult to explain, unless the moraine ( ?) be supposed 
to exist before the eruptions of the basalt that forms the upper half 
of the mountain. 'rhere is no granite exposed in the drainage basin 
on the flank of which the woraiue-like mass is situated, but the granite 
area of the west slope of Mount Ingalls extends under the ·basalt, 
and may have been exposed at the head of the drainage basin here 
described before the basaltic eruption. Glaciers certainly existed on 
Mount Ingalls after the basaltic eruptions, for there are glacial strioo 
on the basalt in the basin on the east slope, lz miles south of the sum­
mit, and just below is a pond formed by a small terminal moraine. 
In a ravine on the steep north slope of the high ridge north of Eureka 
Peak, at a point aborit 4t miles 11orthwest of Johnsville, is a small 
terminal moraine. The summit of the ridge south of the ravine has an 
elevation of 7,000 feet. 

~LEISTOCENE LAKE BEDS. 

Mohawk Valley 1 in Pleistocene time was the bed of a considerable 
lake. This is testified to by a series of terraces of gravel and saud, 
best seen on the west side of the valley. The highest of these have an 
elevation of about 5,100 feet. Lower terraces are to be seen at numer­
ous points in the valley. 'l'he lake at its highest level not only filled 
Mohawk Valley, but extended cast into Humbug Valley, having a 
surface of about 35 square miles. The deposits at the highest stage 
were largely rather fine material, andesite and morainal detritus, which 
has since been much eroded, particularly on the cast side of Mohawk 
Valley, where weB-defined terraces are not to be found. The best­
presprved terraces are crossed by the rmid from Mohawk post-office 
to Johnsville. These are now heavily wooded. Exposures at various 
}JOints show them to be composed of loose sand and gravel, distinctly 
stratified, the bedding being approximately horizontal. Pebbles of 
andesite and rhyolite abound in the lake beds, and to the north and 
east of Mohawk VaHey thin patehes of lake deposit may be seen at 
many points, resting on andesite tuff. It is therefore certain that the 
lake attained its maximum development after these amlesitic eruptions. 
Moreover, the eruption of the andesite appears to have been the cause 

'See Mohawk lake beds: Bnli.I'hilos. Soc. Washington, Yo!. XI, p. 385. 
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of the formation of the lake. Judging from the present contours of the' 
surface of the pre-Cretaceous formations (granite and the Auriferous. 
slate series); the Middle Fork of the Feather River follows approxi­
mately an older drainage system, which existerl before the later voleanic· 
eruptions, thouf;h perhaps not for a great length of time. 'rhese erup­
tions, brgely of fragmental andesite, filled up the drainage that then. 
existed, and tl!e waters tl!us dammed back formed the Pleistocene lake 
of Mohawk and Humbug valleys. Since that time tl!e river has cut· 
through the barrier and the lake has been drained. For three miles. 
north of the Mohawk Lake beds the Feather River of the present time 
flows through a cauyon whose walls and bottom are composed entirely 
of andesitic material. 

Forming a set of terraces in Mohawk Valley, about 4,500 ·feet in· 
elevation and well exposed along the Feather I-tiver where it enters the 
valley from the east, and by the public road south of Wash post-office,. 
are beds of coarse gravel and sand containing 11ebbles of the late olivine 
basalt, like that on Penman _Peak. This basalt is of later age than· 
the andesite breccia. These low terraces appear to represent a late 

·stage of the Pleistocene lake. They rest uneonformably on an older 
series of fine sediments of Tertiary age, as may he seen in PI. XXIV, 
which was made from a photograph of an exposure on the west side of 
the river one-fourth mile down stream (north) from Mohawk post-office. 

On the rast bank of the river, the material of the 4,500-foot terrace 
east of Wash post-office shows two small faults, and the fissures along 
these faults are now filled with sand, forming veritable little sand dikes. 
Other evidence of faulting is· presented in a preeeding paragraph. 
'rhe water in the Mohawk Lake must Lave had a depth at one time of 
more than 500 feet. 

TERTIARY LAKE BEDS 

Underlying the Pleistocene beds of Mohawk Valley are a series of fine 
sediments, chiefly white shales with some carbonaeeous layers. The 
beds are finely exposed along the Feather R.iver north of Mohawk post­
office, as may be seen in Plate XXIV, w'9-ich represents both the Ter­
tiary beds and the overlying Pleistocene gravels. The illustration also 
shows that the older beds have been eroded before the deposition of the 
late coarse gravelly material. Embedded in the Pleistocene gravel and 
sand are angular blocks of the Tertiary shale. The same Tertiary beds 
maybe seen at numerous points in Mohawk Valley. What are probably 
portions of the beds of the same Tertiary lake are exposed along the 
Feather Hiver east of the valley on the farm of Abel Jackson.1 Fossil 
leaves .were obtained here at two poi-nts, and a li~t of some of these may 
be found in the previous report.2 Other material was obtained later, 
which lms not yet been studied. Oak leaves are abundant. Professor 

•It is likely, howeYer, that the lcnf heds at Jackson's are later than the white beds containing layers. 
of carbonaceous Rhule. 

2~-,ourteenth Ann. Rept. U.S. Geol. Survey, Part LI, 1894,, p. 466, and ~fohawk lake hed~, p. 391. 
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Knowlton considers the aeposit to be of Tertiary age. 'l'he beds at 
l.oca.Iity 115 arc eovere(l by andesitic breccia, and the upper layers of 
shale were so intercalated with andesitic material as to indicate that 
the andesite eruptions had begun at the time the leaf beds were form­
ing. The beds at localityl14 (about 1,000 feet up stream from 115) are 
made up of sandy matertal with layers of Carbonaceous shale, resting 
on pre-Cretaceoui'l stratified tuft's, Only one species was recognized 
here-Platanus dissccta? Lx. The beds dip westerly at a gentle angle. 
There appears to have been erosion before tl!C beds were buried under 
the andesitic breccia, as they aredistinctly cut off to the south by the 
unstratified breccia, which reaches down to the level of the water. 
About one-fourth mile upstream, around a sharp bend of the river, are 
some beds of granite detritus, also covered by the andesite breccia. 
This detritus is probably another exposure of the beds seen at locality 
114. 

On Grey Eagle Creek, about 1~ miles nearly south of Mohawk post­
office, at an elevation of about 4,600 feet, is another exposure of beds 
very similar to the older beds shown in PI. XXIV, consisting of beds of 
clay and sand with layers of carbonaceous shale. ln addition, there 
was observed a fine white layer, a few inches in thickness, composed 
almost entirely of volcanic glass in angular fragments, with fluted 
forms, very similar to some material described as volcanic dust by Mr. 
G. P. MerrilJ.I The most reasonable explanation of the homogeneity 
of the volcanic layer is to suppose that it was thrown out in its present 
fine condition and, falling in the water, was deposited as we 11ow find 
it. It Jpigbt also be supposed that it was eroded from an area of vol­
canic ash near by and redeposited on the lake bottom, and indeed 
there is a considerable area of rhyolite near by. The angular character 
of the dust is against its having undergone much transportation except 
in the air, though fine thin glass would doubtless be not·greatly rounderl, 
but rather broken into finer angular particles. The material presents 

· all the appearance of being rhyolitic glass. 'l'his is further substan­
tiated by a silica determination made by Dr. W. H. Melville, of the 
United States Geological Survey. He found the white powder from 
Grey Eagle Creek to contain 70.64 per cent of silica. Whether this 
layer of volcanic dust had its origin in the rhyolitic eruptions that may 
have had their source in Haskell Peak or in the much more recent 
eruptions of Lassen Peak is not apparent. 

EOCENE RIVER GRAVELS. 

The N eocene rivers of the eastern part of the Downieville district 
do not seem to have had any connection with those of the western 
part, and it is probable that a ridge existed between the two systems. 

1 ::\.[crrill, G. P., Deposits of volcanic dust and sand m southwestern Nebraoka: Proc. U.S. Nat. 
Museum, 1885, pp. 99-100. 
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'l'HE OLDEH WIIITE QUAHTZ GHAVELS. 

The white quartz gravel channei of Camptonville and Depot Hill~ 
which is east of Oak Valley, in the Smartsville area, first appears in 
the Downieville district at Indian Hill, where it was formerly exten­
sively hydraulicked. It was there at one time covered with andesitic 
breccia, a remnant of which is still preserved on the summit of the hill. 
The next trace of the channel is in tlre Bidwell Bar area at Grizzly 
Hill, Brandy City, and Council Hill, and it reappears in the Downie· 
ville district south of Scales. From there to Mount P!easant and 
Poverty Hill the gravel beds may be followed ·continuously. This 
channel and its two main branches are the only old river channels that 
can be followed for any long distance in the Downieville area. Much 
information about them is to be found in Professor Pettee's report in 
Whitney's Auriferous Gravels. A few notes that give some informa· 
tion additional to that in the above report are here given. The chan­
nel appears to fork north of Sea.les, one fork extending to Poverty Hill 
and the other to Mount Pleasant and north under the lava. The Pov· 
erty Hill branch appears on the north side of Slate Creek at Barnards 
Diggings, and then sueeessi vely at Secret Diggings, Laporte, Thistle 
Shaft, Gibsonville, Whisky Diggings, and Hepsida.m, where it has heen 
followed through the ridge under the lava, and thence into the air, as 
Professor Pettee puts it. 

At Poverty Hill some leaf impressions were found about one-half 
mile southwest of the village 1 in fine sediment, undoubtedly part of the 
river gravel series. The leaves were r~ferred to Professor Knowlton, 
who reported: "They semn to belong to the Cupulifer~e, but beyond 
this it is impossible to venture." 2 The gravel deposits of Laporte and 
vicinity were stwlied quite extensively by Professor Pettee, who was 
much aided by Mr. C. W. Hendel, who had made many notes while the 
mines were being operated. T4ere appears to be good evidence of 
faulting in the gravel beds, and the lens of bed rock (amphibolite. 
schist) shown in the gravel area on the geologic map seemed to the 
writer to represent an upraiHed mass. The reader is referred to Pro­
fessor Pettee's report for many interesting details. 

To the east of the main mass of white quartz gravel, where the road 
to St. Louis leaves the Gibsonville road, is a considerable amount of 
"bastard" gravel. It is sometimes called bench gravel, and is believed 
here, as at other points, to have been deposited at a much later time 
than the quartz gravel. 

The "bastard" gravel is quite like that noted north of Lexington 
Hill, in the Bidwell Bar area. It appears without doubt to have been 
at one time covered by the andesite, as it forms part of the sandy 
'layers that may be seen to extend under the andesitic breceia by the 
ditch on the south side of the road. 

'1 This leaf locality iR, therefore, in the Bidwell Bar area. 
2Am. Geologist, Vol. XV, p. 377. 
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The white quartz gravel at Laporte may have come in part from 
quartz veins immediately adjacent, and which may be seen there still 
in the bed of the old river. 

The channel between Laporte and Gibsonville is covered with ande­
sitic breccia. There is n~ doubt, however, of the existence of the river 
deposit under this lava, as it bas been penetrated at the 'rhistle shaft, 
about 4 miles northeast of Laporte, and the gravel is now being mined 
there. The Yankee Hill gravel at the south edge of the andesite­
breccia area is perhaps a part of the Laporte Channel, but there is 
some doubt about it. According to Mr. Quigley, of Little Grass Val­
ley, a basalt column was found at Gibsonville in the gravel, which at 
the top spread out urn brella-like over the gravel. There is to be seen 
at the present time an area of late olivine basalt at the north border 
of the gravel area, a little west of Whisky Diggings. From Gibson­
ville the gravel may be followed continuously through Whisky Diggings 
to Hepsidam, where the channel disappears under the lava. From 
Laporte to Gibsonville the average present grade of the bed of the 
Neocene river is about 80 feet to the mile; from Gibsonville to Whisky 
Diggings, about 250 feet to the mile; and from the latter place to Hep­
sidam, a distance of over a mile, about 400 feet to the mile. The meas­
urements, while not accurate, have a comparative value, and as the 
character of the gravel and the old channel does not appear to Lave 
changed in this distance, the rapid increase in grade is in all probabil­
ity to be ascribed to a subsequent differential elevation toward the east. 
Mr. W. Lindgren, who visited Hepsidam in1887, when the continuation 
of the river channel under the andesite breccia was being mined by 
means of a tunnel (the- Niagara Consolidated Mine), writes: 

From IIepsitlam np to the present workings (in the tunnel) the channel rises about 
150 feet in 3,900 feet, horizontal distance. Under the summit of the ridge a sudden 
drop of 50 feet in the channel was met with, which necessitated a now tunnel. The 
gravel was sharply cut off. The channel was perhaps 800 feet broad. 

Near Hepsidam more or less of the gravel Las been consolidated into 
an iron-stained quartz-conglomerate. According to Mr. Lindgren the 
space between the gravel and the fragmental andesite of the ridge top 
is occupied by a heavy bed of pipe clay, extending along the road up 
to and above Hepsidam Camp. The superintendent of the Niagara 
Consolidated Mine stated that dikes of hard lava were encountered in 
the tunnel. 

On the other (eastern) side of the ridge the bed rock at the present 
time sinks rapidly toward the Feather River. The Bunker Hill tunnel, 
on the east side of the ridge, working westerly, is said to be on the same 
channel. From there east no other gravel deposits that can with any 
certainty be ascribed to this channel are known to exist, but at the 
north and west base of Blue Nose, at the edge of the lava, about 500 
feet below the Bunker Hill tunnel,- are two masses of white quartz 
gravel that may be downt.hrown portions of the Hepsidam river 
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deposit.. That extensive faulting has occurred there can be no doubt, 
and that the region about Blue Nose is one of enormous former volcanic 
activity, where the lavas issued, is also apparent. Much of the lava. 
here is massive andesite, in part dikes occupying fissures in the bed 
rock. A little over a mile northeast of Mount Fillmore is considerable 
gravel under the andesite, and both are cut by basalt dikes (No. 11 
Plumas). 

The other branch of the Neocene river just described is well exposed 
about Mount Pleasant. There is also between this point and Poverty 
Hill a large amount of so-called" bastardl7 gravet forming little wooded 
ridges just south of the fragmental lava of the ridge to the north. At 
the Iowa shaft north of Mount Pleasant this old channel was formerly 
mined, and it is likely that this mine will be reopened. The next 
appearance of the gravel is on the north side of the volcanic ridge 
about one-half mile southwest of Port Wine. The claim is called the 
Bunker Hill, and should not be confused with other mines of the same 
name in the Downieville area. Here a tunnel is being run in under the 
lava. The Lucky Hill mine occupies some of the intermediate ground 
of the volcanic-capped ridge between the Iowa shaft and the Bunker 
Hill. This property is as yet undeveloped, but such work as has been 
done indicates .that tllere is a channel under the andesitic breccia, which 
connects with the Iowa Hill gravel. At Port Wine, where the deposit 
is next to be seen, there were very abundant dikes of basalt cuttiug 
the gravel, and some of these may still be seen just south of the village 
and east of the road. From Port Wine the channel has been almost 
continuously mined through Queen City, Grass Flat, Gardeners Point, 
Cedar Grove Ravine, St. Louis, Pine Grove, and Howland Flat. To 
the northwest of the latter place and to the west of the road there are 
some fine exposures of the gravel beds, showing, by their irregular 
upper surface, that they were considerably eroded before being cov­
ered by the fragmental andesite. Mr. Rnep, of San Francisco, who was 
formerly interested in the Howland Flat mines, states that a drift in 
the Hibernia gravel claim, 200 feet below the town of Howland Flat, 
came squarely up against a wall of compact lava like that forming the 
point on the ridge to the south known as Table Rock. This is a very 
fine-grained hornblende-pyroxene-andesite (No. 263 S. N.). Mr. Ruep 
estimated that this drift struck the lava walll, 700 feet below the sum­
mit of Table Rock, and supposed it to be a part of the same mass as 
Table Rock. There was said to be 600 feet of pipe clay over the gravel 
at Howland Flat where not eroded. On the slope south of Table Rock, 
in a ravine draining into Canyon Creek, are the California Diggings. 
According to Mr. Ruep only the lava wall of Table Rock separates this 
river gravel from that of Howland Flat, and if, as seems likely, the 
Deadwood gravel on the south side of Canyon Creek was formerly con· 
nected with th_e California Diggings, the elevation of both being about 
6,000 feet, this smaller channel may be regarded as a branch of tile 
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Howland· Flat River. The channel of Potosi (elevation about 5,800 feet) 
was followed in under the lava. At the time of Professor Pettee's visit 
the continuation of the channel was not ·known, but he expressed the 
opinion that it extended under the ridge to Cold Canyon, on the slope 
toward Poker Flat. This has since been verified. The channel was 
followed in by tunnels. According to Mr. Rnep the gravel beds were 
much broken up, some masses being 50 feet above other masses. 
According to Mr. Lindgren there is said to have been a rise in the 
channel up to the middle of the ridge, then a fall, until at Cold Canyon 
the elevation is about that at Howland Flat. This rise and fall was not, 
however, gradual, but by steps, the channel ueing suddenly cut oft' at 
several points by polished and striated walls, evidently fault surfaces. 
The source of the channel east of Cold Canyon is ltnknown. Much and 
perhaps all of it is now eroded. 

At Studhorse Canyon, below Cold Canyon, is a mass of detached 
gravel, which is possibly a displaced portion of the same deposit. 
The displaced character of the gravel is well seen at Brnckermann's 
timnel, where the gravel stratum stands in a highly inclined position. 
Between the gravel and the bed rock is a dike of fine.grained pyroxene· 
andesite. 

The Dead wood channel ·bas been followed about 1 mile by tunnels 
in under the lava in a southeasterly direction to a claim known as 
Bunker Hill. Numerous faults are said to have been encountered in 
the tunnel, and at one point a large quartz bowlder is said to have 
been cut in two along a fault, so that one part was found in the roof 
and the other in the floor of the tunnel. Numerous lava dikes were 
met with. The course of this channel to the east of Bunker Hill is 
not known. 

There are some gravel deposits that have been mined by tunnels on 
the east side of tlie high ridge of which Table Rock is a part, about 
east of Port Wine. This has been called the Wahoo district. 

A considerable river deposit has been extensively mined on the ridge 
east of Canyon Creek. It is well exposed at Morristown and Craig 
Flat. At the latter place the gravel shows evidence, by its very uneven 
upper surface, of having been eroded before being covered by the ande­
sitic breccia. The very large gravel mass at Eureka, 1~ miles south­
east of Craig Flat, is undoubtedly a part of the same river ueposit. 
It may thence be traced to the ridge east of Eureka Creek1 where it 
has also been mined, and thence across Goodyear Creek to the Monte 
Cristo and Excelsior mines. The course of the channel from here is a 
matter of pure conjecture; neither can it be asserted that the drainage 
was from Eureka to .Monte Cristo. It may have been in the opposite 
direction, and, judging from the increased size of the gravel deposits 
at Eureka, this was probably the course of the stream. 

On the summit of Oraycroft's Ridge, east of Sailors Ravine, are 
three patches of gravel. Two of these, one 3t and the other 4 miles 
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northeasterly from Downieville, are composed largely of well-washed 
quartz gravel and are not capped with volcanic material. The third 
occurrence is on the east edge of an area of andesitic breccia 5 miles 
northeasterly from Downieville. At the time of my visit (1893) this 
deposit was being mined by the Wide Awake Drift Mining Company. 

Six and three-fourths miles north of Downieville, just north of Rat­
tlesnake Creek, is a small deposit of gravel known as Rattlesnake 
Diggings. The following notes concerning it are from a report by Mr. 
Lindgren. The elevation of the locality is approximately 5,500 feet; 
underlying the gravel is a bed of rather fine-grained volcanic tuff con· 
taining many well-rounded particles. This forms part of the bed of 
Rattlesnake Creek tor about one-half mile above the mouth of the run 
that joins Rattlesnake Creek just west of the diggings. To the west, 
south, and north the bed rock (elay-slates, etc.) rises several hundred 
feet. To the north the volcanic material is continued up to the large 
area forming the high Rattlesnake Peak Ridge. The gravel is sub­
angular and evidently was formed in a small water course. Whether 
the present position of the gravel and tuff is due to displacement or 
other cause was not ascertained. The gravel was washed by the 
hydraulic method. 

One-half mile southeast of Rattlesnake Peak, at the edge of the vol­
canic area, is the tuunel of the Red Oak gravel mine. 

According to Pettee 1 t!Je gravel of the Laporte area is cut off nuder 
Bald Mountain by a wall of gray lava (andesite). Underlying the 
alluvium of Little Grass Valley, 2 miles northwest of Bald Mountain, 
is a considerable body of white quartz gravel, which has been much 
exploited by Mr. Quigley. From its peculiar position, underneath the 
dnJinage of the South Fork of the Feather River, it has not been 
practicable to mine it profitably on account of the excess of water. Mr. 
Quigley believes this channel to continue under Grass Valley Hill, 
and thence nortl1easterly under the lava to Richmond Hill and Sawpit, 
northwest of Onion Valley, and so far as present information goes this 
is not impossible. The white quartz gravel underlying Little Grass 
Valley is not all thoroughly rounded, and this is also true of the gravel 
at Richmoud Hill and Laporte. 

Two and a half miles west of the Hichmond Hill gravel area, at the 
south edge of the a11desitic breccia and on the slope north of Onion 
Valley Creek, there is some river gravel along a ditch. The pebbles 
are of the pre-Cretaceous rocks and of Tertiary lavas. Granitoid peb­
bles of large size are abundant. These may, however, be of local origin, 
as there are granitoid dikes here in the serpentine. The occurrence 
would otherwise be very remarkable, as no granite areas are known 
anywhere ill the neighborhood. 

At l{,ichmoud Hill hydraulic mine t!Jere is no lava on the gravel, but 
the extension of the same area to the east is covered by andesitic 

l.A uriferous Gravels, p. 44-fJ. 
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breccia, and on the east side of the breccia the Union Hill gravel mine 
is on the same channel. The latter mine has been worked by the 
hydraulic method just east of the road to Onion Valley. Some poor 
leaf impres8ions were noted in clay at the Union Hill deposit, and 
here is also some of the iron-stained quartz-conglomerate noted be~ore. 
The Union Hill mine is about one-half mile north of Onion Valley. 

Two and a half miles northwest or-Onion Valley, on the north edge 
of the andesitic breccia area, on the slope toward the Middle Fork of 
the Feather River, is an area of gravel on serpentine bed rock. The 
quartz conglomerate occurs here also. Immediately west is an area of 
the.older basalt, which extends lower down on the slope than does the 
gravel. 

At Sawpit there is said to be white quartz gravel under the black 
basalt. If so, the deposit is undoubtedly part of the H.ichmond Hill­
Union Ilill channel. 

The following record of bores made by the Feather Fork Gold Gravel 
Company was kindly furnished by Mr. R. Stevenson, of Laporte. The 
bores were made for the purpose of finding gravel chan11els under the 
lava and are located in Mr. Stevenson's notes by reference to land sec­
tions. The locations given by distance from definite points were esti· 
mated by the writer from the California State engineer's map. 

Two bores were made almost on a diagonal line from the southwest 
corner to the northeast corner, or about 3 miles west of Pilot Peak, on 
the ridge north of the South Fork of the Feather H,iver. 

Bores in sec. 12, T. 22 N., ll. 9 E. 

Feet. 

Bore 1: 
Pipe clay ____________________ • ____ . _ _ _ _ _ _ _ _ _ 91 

Quartz gravel . _________________ . _ _ _ _ _ _ _ _ _ _ _ 4. 5 

Total _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 95. 5 

Slate (f) bed rock. 

Bore 2: 
Hard lava. ___________ ---- ...... ____________ 60 

Soft Java.·----------·-----------· ____ ------ 74 
Lava bowlders .. -------------- ____ ...... ____ 41 
Soft lava_ . _____ .. ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 84. 5 

Sediment and blue pipe clay __________ ·----- 6 

:::i::;;::~~~ . .::~:;~;:. .. ,,_:::::::::::::::::::: ~:_, I 
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Three bores were made about half a mile northwest of Laporte, with 
the results shown in the following table: 

Bo1·es ·in the NW. t, the SE. t, sec. 9, T. 21 N., R. 9 E., or about one-half rnile northwest 
of Laporte. 

b FMC Bore 1-: ---------/---

Surface lava and loam •..... ····--·--------· 
Quicksand _____ .. _. __ .. _____________ .. ____ _ 

Red and blue clay .. _ ...... _____ .. ---- .. _--· 

Bogus gravel (white)--- __ ._-----. ____ ·----· 

Blue pipe clay---- .. ___ .-----··-------------
Blue quartz sand containing gold ______ . ___ _ 

White and blue quartz graveL __ ... __ •.. ___ _ 

Total. . __ .... _ . _ ... ____ . __ . _ . _____ . ____ ... 

Light-blue bed rock, with quartz Reams. 

Bore 2: 

20 

32 
54 

·2 

11 

6 

15 

140 

Lava day ............................... _.. 20 

Whiteqnartzsand ............ ··-··-····--· 2 
Pipe cl;ty .. _ ................... _.. . . • • . . . . . . 4 

Coal(lignite).... ...... .... ...... ....... .... 4.5 

Red pipe clay ...... , ................. _.. . . . . 14.3. 5 

Qn(lrtz gravel containing gold.............. 17 

Total.._ ................ ___ .....• ___ . ___ .. 191 

Blue bed rock. 

Bore 3: 

Surface loam ......... _ .. _______ .. ---- .. _... 4 

Pipe clay .. _ ......... ---- ............... ---· 17 
Coal (lignite)~- __ ... _._ .... ___ ......... ___ .. 3. 5 

Red pipe clay ....... _ ... _,--· .. ___ ...•.. __ .. 145.5 

Gravel and clay ....... _ ..........•....... _.. 14.. 5 

~~:~~~; ;;,;~~;~ --- --- ---------- -- -_:j 
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.A bore ·was made about a quarter of a mile northwest of Laporte, 
with results as follows: 

.Bore in the SW. t, sec. 5, T. 21 N., R. 9 E., about one-fourth of a mile northwest of La­
porte, in the Bald Mountain ridge. 

I ~ SoufM• -l<>am ~ ...... ~ .. ___ : .. .. ~ . .. .. .. .. .. .. .. . F:l~ -I 
Gray lava (andesitic breccia)................... 114.5 

Graylava(clay)................................ 7 

Bogus gravel or river wash..................... 3.5 

I G•oo•::.-:::~ ,:;;~ ( ;,:.;,;,;;,;;;,;;; ;;~;;;,:.. .. .. .. I :J 
A bore was made where the Little Grass Valley road crosses the 

FeatLer River ditch, almost on the north section line, or about 1~ miles 
northeast of Laporte, with the following results: 

Bore in the NW. t, ace. 10, 1'. 21 N., R. 9 E. 

r-~"'fMO lm (wft) ~~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ .. ~ ~ ~. 
Gray lava (andesite), hard ..................... . 

Pipe clay ...................................... . 

Black lava (probably the older basalt) ......... . 

Light lava sand ............................... . 

Dark-brown hard lava (basalt~)- .............. .. 

Qnartz gravel and clay ........................ .. 

Hard quartz gravel, containing gc>ld ........... . 

Feet. 

26 

119 

1 

120 

2 

39 
124.5 

4.5 

~"_I 
Another bore was made on the ridge northwest of Sawpit in the 

NE. i of the NW! of sec. 36, T. 23 N., R 9 B. This penetrated 340 
feet of volcanic material. Mr. Stevenson thought the appearance indi­
cated an eruptive dike from which gray and black lavas have issued 
through all the ridge between the Middle Fork of the Feather River 
and Onion Valley Ureek. 

~IISCELLANEOUS GRAVEL DEPOSITS. 

A considerable number of remnants of old river channels have been 
noted, concerning which the writer has very meager information, and 
they are tllerefore grouped under the above heading. Some of these 
doubtless represent the writ-er's intermediate period. 
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On the north side of the Middle Fork of the Feather River, about 
one-half mile west of Nelson Point, is a gravel deposit that was for­
merly mined by the hydraulic method. Andesitic breccia occurs ou 
the slope to the north and presumably at one time covered th~ deposit. 
The occurrence is remarkable as being only about 200 ( ~) feet above 
the present Feather River. On the south slope of Clermont Hill, near 
the summit, at an elevation of about 6,400 feet, an English company 
exploited a gravel channel that is covered by andesitic breccia. The 
gravel seen by the writer at the mouth of the tunnel was chiefly of 
quartz and other siliceous rocks and was largely subangular in char­
acter, indicating a small water course. The gravel is said to have 
contained a good deal of gold in spots. A miner informed me that a 
mortar and pestle were obtained years ago from the andesitic breccia 
overlying the gravel. The miner was very positive that the imple­
ments were found in the volcanic material, which is said also to con­
tain fossil wood. Some blackened wood was found by the writer on 
the dump of a shallow shaft in andesitic breccia, a little southwest of the 
cabins belonging to the gravel mine. The present owner of the mine 
stated that this certainly came from the andesitic breccia. The speci· 
mens were referred to Professor Knowlton, who reported as follows: 

It is coniferous and appears to have come from the root. \Vhen examined in 
radial section the wood cells are seen to be long, sharp pointed, an1l provided with 
a single row of very minute pits. The medullary rays are seen to be long. In tan­
gential section showing the ends of the medullary rays, they arc found to be very 
small, and in a single vertical series, ancl from one to four, usually two or three, 
cells high. This wood has the appearance of being v~ry recent, but I am unable at 
present to refer it to any species with which I am familiar. It is probably a cedar 
and may belong to the genus Chamecypario, but it is unlike either of the species of 
this genus of which I have specimens. 

On the steep east slope of the ridge, 4~ miles northeast of Johns­
ville, is Miller's lower tunnel. The altitude is aboHt 6,500 feet. In 
1890 this tunnel had penetratt;Jd a gravel deposit under the ridge, 
capped with andesite breccia. The material seen was subangular and 
contained small fragments of blackened wood. A curious feature of 
the deposit was a layer composed of brown grains cemented by a white 
substance. The microscope shows the brown grains (No. 377 Plumas) 
to be microlithic fragments containing feldspar laths, augite grains, 
and very abundant prisms of olivine. The layer is, therefore, a basaltic 
tuff. The white cementing material is opaque and appears to be clay. 
No such basaltic tuff has been noted by the writer at any other locality 
under andesite. The bottom of the Miller gravel channel is about 400 
feet vertically under the top of the ridge. It evidently represents a 
deposit of gulch gravel. 

The Blue Lead gravel mine is on the ridge north of Poormans Creek, 
·2~ miles northeast of Pilot Peak. There is white quartz gravel here 
with a rubble of andesitic bowlders on top, like the massive andesite of 
the area immediately west. A piece of wood was given the writer as 
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coming from this claim by the owner, 1\Ir. Thomas. The wood is firm 
and not silicified, and is dark in color. Whether the specimen came 
from the andesite rubble or from the gravel is uncertain, but probably 
from the former. 

On the ridge north of Indian Valley and east of Canyon Creek are a 
number of gravel deposits at the edge of the large andesitic breccia 
area capping the ridge. These may be parts of a single subordinate 
channel. The most southern occurrence is at the Rocky Peak drift 
mine, about 2 miles north of Indian Valley; the next is on the west 
side of the volcanic cap at Bunker Hill; another area is at the Sailor 
Boy diggings, and the most northern is just west of McMahon's. The 
gravel at all these points is more or less similar, the pebbles being of 
dark quartzite, siliceous schist, and of Tertiary lavas. At McMahon's 
the lowest gravel is chiefly of white quartz, the pebbles of which are 
usually 3 inches or more in length, and there are in addition the same 
pebbles as noted above. Tlie elevation at McMahon's is less than 5,000 
feet, and the other masses noted lie at a successively lower level going 
south, until at Rocky Peak mine the elevation is only about 4,000 feet. 

The course of the channel is probably therefore southerly. There is· 
no likelihood of any connection of the McMahon gravel with the large 
channel at Eureka, as higher bed rock intervenes, but it is not impos. 
sible that the McMahon channel may have joined that at Scales, 
although the character of the gravel indicates that it is part of the 
Sailor Boy channel. 

There are gravels nuder the fragmental andesite on the ·high ridge 
south of Downieville. They were mined by a shaft at the Pliocene 
mine, and by a tunnel at the Huby mine, north of 'rable Mountain, in 
a ravine draining into Rock Creek. Two distinct channels have been 
found, one, the older, extending toward the Bald Mountain extension 
mine channel, but not certainly connected with it. The younger chan­
nelltes 116 feet lower and connects with the old Rock Creek diggings 
and with those at the City of Six. At the head of Slug Canyon is the 
City of Six gravel deposit. Tho material exposed is 500 feet wide aud 
one-third of a mile long. The pebbles are of quartz and of the older 
metamorphic and igneous rocks. This channel was tunneled through 
to Hock Creek. The channel of the Bald Mountain extension mine has 
been extensively worked from tunnels that start in on the south slope 
of the ridge. Tile Nebraska diggings are on the north slope of the 

· riuge, 2! miles southeasterly from the Pliocene shaft, and in the drain­
age of the Jim Crow Ravine. The gravel has been extensively mined. 
It extends under the andesite breccia. 

The Sierra Buttes are the culminati.ng points of the highest ridge in 
the Downieville area, the topmost point having an altitude of 8,615 
feet. The ridge gradually decreases in altitude to the northwest, but 
for 17 miles many points on the summit are 7,000 feet or more in eleva-· 
tion. To the north of the Feather l'tiver the Grizzly Mountains form 

17 GEOL, PT r-39 
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another high ridge with northwesterly trend, Tower Rock near the 
north end of the ridge having an elevation of 7,795 feet. Both of the 
ridges are made up chiefly of pre-Cretaceous rocks. To the east of 
these two high ridges there appears to have been in N eocene time a 
north-and-south river system, remnants of which are still preser-;red at 
a considerable number of points. Commencing on the north we find 
north of the fortieth parallel (Honey Lake Sheet), on the ridge east of 
Little Grizzly Creek, at elevations of from 5,500 to 5,800 feet, three 
masses of river gravels. South of the fortieth parallel (Downieville 

·Sheet) the gravel is first seen on two spurs of the Grizzly Mountain 
about 22- miles southeast of Tower Rock. Two miles farther southeast, 
at the Cascade gravel mine, the river deposits may again be noted, 
and immediately south of this mine is another gravel area that has not 
yet been mined. The a.verage elevation of all of these gravel masses 
is about 6,000 feet. Pl. XXV represents an exposure of the beds at the 
Cascade hydraulic mine. The oblique line to the right in the gravel 
probably indicates a line of displacement. Sandy layers are to be seen 
interstratified with the gravel. The thickness of this river deposit is 

·about 325 feet. 'rhere are large granite bo!Vlders in the gravel, which 
presumably came from the granite area immediately to the south. The 
bed rock of the mine is the Auriferous slate series, in which were noted 
numerous dikes. 'rhe occurrence of the granite bowlders to the north 
of their source, although but a short distance, may be regarded as evi­
dence that the river drained to the north. Carbonized and blackened 
wood (Nos. 205-206 Plumas) occurs in the gravel at the Cascade mine. 

The two bodies of gravel last noted lie on the edge of the large area 
of andesitic breccia that forms the upper portion of the southern part 
of the Grizzly Mountains. There is little doubt that the channel ex­
tends under tl1e lava and Teappears on the south border of the area on 
the spur north of Little Long Valley Creek, where the elevation of the 
gravel is from 5,600 to 6,000 feet, according to the topogr:;tphic map. 
The large area at the south end of this spur has been hydraulicked. 
Going south the gravel of this ancient river is next to be seen about 
Lava Peak, and then on the spur south of Long Valley Creek, some of 
the gravel at the latter locality having an elevation of only 51000 feet. 
At the north end of the Mohawk Lake beds is an area of well-rounded 
gravels, composed of pebbles of the pre-Cretaceous rocks. This deposit 
rests, where surely in place, on the auriferous slate series. The low 
altitude (about 4,500 feet) of a portion of this gravel at the mouth of 
Cedar Creek is probably due to landslides, for where it is certainly in 
place on the ridge south of Cedar Creek the maximum elevation is 
5,500 feet, extending down the ridge slope (easterly) to near the 5,000-
foot contour. A tunnel by the Feather Hive!' at the mouth of Cedar 
Creek has been run in to strike this gravel channel, but if landslides 
have occurred here, it is evident that the tunnel is much too low (4,400 
feet). The tunnel, according to a miner at work there, was 1,800 feet 
long in 1890, and was in hard lava all the way. The hard lava referred 
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to is the andesitic breccia that forms the bed and walls of the nver in 
this VIcimty. A shaft was sunk on the h1ll top 500 feet above and east 
of the tunnel's mouth. It is said that this shaft was m gravel for its 
entire depth, or 375 feet. As mdiCated above, however, all of the 
gravel below the 5,000-foot contour is believed to be out of place. This 
llowuthrown material h,, however, not all gravel. There 1s some ande­
~ItJC brecma mixed with It. ~umerons rhyolite bowlders and pebbles 
mdwate an area of that rock m the VICinity now eroded or covered 
over. The presence of these rhyolite pebbles would seem to indicate 
that a portiOn of thH3 gravel is of later age than that of the Haskell 
Peak channel, which Is capped with I hyolite. 

So far as could be made out, the CedJ.r Creek river gravel Is in Im­
mediate contact on the south with the Pleistocene Mohawk Lake beds. 
The deposits of the old river channel JUSt described, extendmg from 
north of the fortieth parallel near Little Grizzly Creek to the north end 
of the Mohawk Lake beds, are Similar m being made up of gravel and 
coarse sand with very little fine sedunent. This may be taken as evi­
dence that this river bed had a higher grade than those of the south­
westerly system of the western half of the Dowmeville area. 

The next gravel area to the east of the high Sierra Buttes 1s on the 
steep gramte slope south of Mohawk Valley, where it bas an elevation 
of 7,000 or more feet. A large portion of this gravel mass has, how­
ever, gravitated down the slope, and some of it hes at an elevation of 
only G,GOO feet. Overlying the gravel is rhyolite. This channel Is next 
exposed on the 1hyohte-capped spur 1! miles north of Haskell Peak, 
where there is a layer of fine loose sediment overlymg the gravel. 
Here IS found a considerable variety of pebbles, and a collection of 
these was made. A microscopiC study of the pebbles (No. 19G Sierra 
Co.) showR that the following rocks are represented: Contact metamor­
phic schist, granite-porphyry, an altered glassy andesite ( Y) showmg 
:flow structure, an altered holocrystalline basalt, a variegated brecma 
(reel and green) made up of miCrohtic fragments and therefore a tuff, 
and a reel fine-grameel tuft. The two last are very similar mdeed to 
some of the tuffs of the Milton formatwn. There is also a pebble of a 
lava which is so little altered as to make one doubt If 1t really came 
from under the rhyolite. It is a glassy microhtiC lava contaming 
hypersthene, augite, olivine, and some corroded quartzes, and strongly 
resembles a so-called quartz-andesite (No. 626 S. N.) of Tertiary age 
from the area two miles northwest of Dowmeville. 1 

As the bed rock of all the nvm gravels about Haskell Beak IS granite, 
it is evident that all of these pebbles have traveled some distance, and 
the similarity of some of the pebbles to the rocks of the Milton series 
suggests that they may have been brought from the south, and that the 
next gravel bed to be descnbed, that at Chips H1ll, may be part of the 
same ehannel, for there the bed rock IS the Milton senes. 

I Jour ot Geology, Vol. III, p 41U 
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Chips Hill is on the south slope Of the high ridge north of the South 
Fork of the North Fork of the Yuba River, 3 miles northeasterly from 
Sierra City. The elevation of the bed rock is about 6,500 feet. Rhyo­
lite overlies the gravel, and is in turn covered with andesitic breccia. 
Just east of the Chips Hill gravel is a prominent south spur of the 
main ridge, and on the east side of this spur is another body of gravel 
at the edge of a narrow area of rhyolite, and this gravel may be con­
nected under the ridge with the Chips Hill gravel. This eastern mass 
of gravel has a granite bed rock. The gravel about Haskell Peak is 
about 500 feet higher than that at Chips Hill, and if the drainage of 
this river was to the north it is plain that the Haskell Peak region has 
been lliftereutially elevated. However this may be, the occurrence of 
a considerable body of river gravel on the edge of a high plateau, with 
a steep slope of more than 2,000 feet to the east and north, is very 
remarkable. There can be no reasonable doubt that a great displace­
ment has occurred here, as noted nuder "Faulting." On the backbone 
of the ridge south of Sierra City, and about 3 miles southeast of that 
village, is a small amount of rhyolite, at the east edge of the large 
andesitic breccia area that caps most of the ridge. A little scattered 
river gravel is to be seen here, though it is obscured by the morainal 
material. The elevation is about 6,500 feet. It seems probable that 
here is a trace of the same channel as that at Chips Hill. 

Two miles southeast of Milton is a very considerable mass of rhyo­
litelava, and on the west base of the andesitic breccia area that caps 
the ridge west of Tehuantepec Valley~ 2~ miles east of Milton, is a long, 
narrow exposure of rhyolite. These rhyolitic areas may easily have 
been connected at one time and formed part of the flow that came 
down the Neocene basin to the East of English Mountain (Colfax 
sheet), and it is by no means impossible that this early Neocene drain­
age connected with that at Haskell Peak. About 2 miles east of 
the north end of Gold Lake is a small remnant of a Neocenc river 
deposit, associated with rhyolite. 

GRAVELS OF THE VOLCANIC PERIOD. 

On the ridge north of the Middle Fork, northwest of Bells Bar, _is 
an area of scattered gravel 2 miles long. The pebbles are largely of 
Tertiary volcanics, but there are also sorrie of the pre-Cretaceous rocks. 
At an exposure at the west end of the area the pebbles are associated 
with, and partly scattered through, andesitic tuft'. About three-fourths 
of a mile northwest of Spring Garden Ranch, just east of the road to 
Quincy, is a mass of volcanic gravel that has been mined by the 
hydraulic method. The gravel deposit known as Snowdon Hill is on 
the north side of Humbug Creek, 3 miles southwest of Goodyears Bar. 
The coarse gravel is chiefly andesite, but there are well-washed pebbles 
and bowlders of greenstone and porphyry, though not enough to note 
as a gravel area on the geologic map. 
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THE TERTIARY AND. LATER VOLCANIC ERUPTIVES. 

The Downieville area is remarkable as being in Tertiary time the 
theater of extensive volcanic eruptions. This region, -indeed, is proba-

- blythe chief source of the Tertiary volcanic materials of the Bidwell 
Bar area. The products of these volcanoes may be grouped under the 
following heads: 
1. Rhyolite, both as a tuff and as a solid flow. 
2. Basalt-

Older basalt, dense and black. 
Doleritic basalt. 
Late, dark, fine-grained, usually in dikes. 

3. Andesite- · 
Hornblende-pyroxene-andesite, coarse-grained, usually a breccia 

or tuff. 
Fine-grained hypersthene-andesite, late Neocene in age. 

HHYOLITE. 

The rhyolitic lavas are, so far as known to the writer, confined to the 
eastern part of the district. The most northern occurrence noted is 4 
miles southeast of Mount Ingalls, where it has been exposed by the 
erosion of the andesite. 'L'herc are two small areas southeasterly from 
Grizzly Peak and two north and one south of Humbug Valley. 

'fhe large rhyolite area 2 miles west of the Antelope Hous.e, in Mo­
hawk Valley, is bordered on the east by the Pleistocene Mohawk Lake 
deposits, which contain abundant pebbles and fine debris of the rhyo­
lite. Another small mass of rhyolite not shown on the geological map 
is north of the Middle Fork of the Feather River, 2 miles northeast of 
Wash post-office. This is overlain by the sediments of the Mohawk 
Pleistocene lake. As noted under "Tertiary lake beds," there is a layer 
of rhyolite glass (No. 160 Plumas) in the Tertiary beds, underlying 
the Pleistonene Mohawk Lake beds. 

Two and a half miles northeast of Haskell Peak, on a spur west of 
the head of Mohawk Creek, is some rhyolite under the late doleritic 
basalt, at an elevation of about 5,500 feet. If this is regarded as hav­
ing been a part of the Haskell Peak flow we have evidence here of this 
being a downthrowu mass, and this might also apply to the other areas 
about Mohawk Valley. 

The rhyolite of Haskell Peak attains a thickness on the north slope 
of nearly or quite 800 feet. In the top portion of the flow are numer­
ous flattened oval cells, presumably steam cavities. It is capped by the 
late doleritic basalt; and at other points in the neighborhood by the 
andesite breccia. As has been stated under .the heading "N eocene 
river gravels," rhyolite overlying gravel occurs 2 miles east of the north 
end of Gold Lake, about Haskell Peak, at Chips HiH, on the high ridge 
southeast of Sierra City, 2~ miles east, and 2 miles southeast of Milton. 
In the bed of Canyon Creek, 1 ~ miles up stream from Poker Flat, is a 
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dike of rhyolite which forms the bed and east bank of the north brai;tch 
that joins the creek at this point. It was traced up the south slope 
for 500 feet, where it disappears under the andesite that caps the ridge. 

The following ·are analyses of rhyolites from the Downieville area. 
Partial analysis No. 1675 S. N. (A) was made by Messrs. Hillebrand 
and Steiger; No. 1675 S. N. (B) of the same specimen is taken from a 
complete analysis by Dr. Hillebrand; and the silica determination of 
No. 337 Plumas was made by the late Dr. W. H. Melville. 

~ No.1675S. N. (A).INo.1675S.N. (B). No. 337 rlumas. 

Per cent. Per cent. Pe1' cent. 

I 
Silica ........ _. 71.39 72.70 

------ -~~: ~~--~ Lime .... -- ... -- 1.01 1.15 

Po tass a .. -- .... 5.!)9 ~.81 ---- --------··[ 
Soda .... _ ...... 2.89 3.46 . ~ . --. ---- ----

No.1675 S. N. is from the area 2-2- miles east of Penman Peak. No. 337 
Plumas is from 2.2 miles southeast of the same point, but the amount 
of the material here is too small to indicate it on the geologic map. 

BASALT. 

The older basalt.-This dense, fine, and even grained lava is very 
similar in appearance and texture at all points seen. Except under 
the microscope, olivine is rarely to be detected, This mineral is, more­
over, often altered to serpentine. The older basalt contains more mag­
netite than any other Tertiary lava in the Sierra Nevada so far as 
known. The largest area of this rock is ab_out l{ed Clover Valley, in 
the northeast corner of the Downieville area, and this extends to the 
north of the fortieth parallel, into the area of the Honey Lake sheet. 
The basalt north of Red Clover Valley attains a thickness of over 1,000 
feet, and is believed to have issued from vents in the vicinity. There 
are two areas southwest of Mount Ingalls along Little Grizzly Creek, 
two small masses on the backbone of the ridge east of the creek, 
and two small areas south of Long Valley ']reek. There is a very 
small area of this lava by the Quincy road, 2 miles northeast of Bells 
Bar, another 1-2- miles northwest, and still another 2 miles northwest of 
Bells Bar. 

A large area forms the top of the ridge 1~ miles north of Nelson 
Point, and there is a small mass at the head of Thompson Creek, and 
one forming the point known as Crescent Hill, 1-2- miles southeast of 
Clermont Hill. Crossing to the south of the Middle Fork of the Feather 
River, we :find it abundantly on the ridges north and south of Onion 
Valley Creek, and again west and south of Little Grass Valley. None 
of this peculiar lava has been uoted in the south half of the Downie­
ville area. It is probable that the older basaltissued at a number of 
vents, but the masses about Onion Valley Creek and the extensive 
sheets in the Bidwell area about Black Rock Creek, on the Mooreville 
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ridge, etc., may perhaps have come from a single orifice near Onion 
Valley. At nearly all points the basalt is at the edge of areas of 
andesitic breccia, under which it usually extends. A complete analysis 
of No. 276 Plumas, from Red Clover Valley, is given in the table of the 
gabbro family in Chapter VI. 

Doleritic basalt.-Thisis macroscopically a medium-grained, light-gray 
or pinkish rock, with often large, scattered olivines. Under the micro­
scope it is seen to be often nearly or quite holocrystalline, and it usu­
ally contains much hypersthene. The largest area of this rock is that 
forming the upper two-thirds of Mount Ingalls, which appears to have 
been a source of eruption. There is still on the summit of the moun­
tain some red, scoriaceons lava that may have formed part of the crater. 
lt is thought that the eruptions of this late basalt took place in very 
early Pleistocene time, after the present drainage system had been 
initiated. It largely overlies andesitic breccia, and appears to have 
flowed down slopes that existed at the time of the basaltic eruptions. 
It occurs at numerous points in the large volcanic area north of Mohawk 
Valley, as at Big Hill, Penman Peak, and Mount Jackson. There is a 
large flow just southeast of Mohawk Valley, and another at Haskell 
Peak. There is a considerable mass of it on the summit of the ridge 
2! miles southeast of Sierra City, and several areas on the ridge south 
of Downieville, one of which is knownas Table Mountain. It also 
caps the andesitic ridge west of the head of Woodruff' Creek, and is 
found at several points ou the ridge between Fiddle and Canyon 
creeks. It forms the summit of Deadwood Peak southwest of Poker 
Flat and the summit of Clermont Hill. There are several masses on: 
the north slope of Clermont Hill, an area (No. 64 Plumas) 4i miles 
south of Tower Rock on the west slope of the Grizzly Mountains, one 
north of Bell's Bar, and one north of Long Valley. It is thus evident 
that this late doleritic basalt is scattered over nearly the entire Downie­
ville area. It seems probable that the lava came out chiefly at the points 
at which it is now found. Except the scoriaceous material on the smn­
mit of Mount Ingalls, all the doleritic basalt is massive. 

The basalt area of the point one-half mile south of the summit of 
Haskell Peak present tlie appearance of having flowed down over the 
rhyolite, which would presuppose the partial erosion of the rhyolite 
before the flow took place, and may be regarded as evidence tending 
to indicate a Pleistocene age for the basalt. 

Analyses of the doleritic basalt. 

No. 314 No. 311 No. 196 No. 362 
Plumas. Plumas. l1 lumas. Plutnas. 

Silica ____________ 52.81 53.91 56.28 57.32 
Lime ________ ----- 10. 14 10.40 7.81 7. 13 
~bgnesia ------·- 6.12 5.52 3.44 -·--------
Potassa ------ ·--- 1. 05 1. 34 1. 38 

~ Soda------------- 2.75 2.90 3.38 4 
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The analyses of Nos. 311 and 314 are by Dr. Hillebrand, No. 362 by 
Messrs. Hillebrand and Steiger, and No. 196 by Mr. Steiger. Nos. 311 
and 314 are from Mount Ingalls, No. 196 from Grizzly Peak, and No. 
362 from the area 3~ miles northeast of· Haskell Peak. No. 196 con­
tains no olivine, but almndant hyperstllene. It would be called a 
pyroxene-andesite by some petrographers, but the feldspars are chiefly 
labradorite, and in any case would belong to the labradorites of Fouque 
and Michel-I .. cvy. ' 

Late jine-gra·ined basalt.-There are at several points small areas of 
massive, dark-colored basalts, usually showing olivine with the aid of a 
band lens. These are provisionally grouped together, since they all 
appear to be later than the older basalt and differ from the doleritic 
basalt in structure and, to some extent, in mineral composition, although 
in some instances the two types appear to grade into each other. Many 
of the specimens with a resinous appearance resemble microscopically 
certain augite-andesites. The microscope shows that olivine in idio­
morphic phenocrysts is universally present, as well as augite, in rounded 
grains and polysomatic groups. One sample (No. 202 Sierra Co.) shows 
also abundant minute hypersthenes . 
. The following areas are examples: A small mass about 1~ miles north­

east of Goodyears Bar, on the east slope of the ridge and a little to the 
east of hypersthene-andesite area No. 209 S. N.; a dike with horizon­
tal columns (No.166 Plumas) on the ridge north of Cogswell Creek, in an 
area of the Auriferous gravels; a dike-like mass with horizoutal columns 
(No. 170 Plumas), forming the point known as Lava Peak, aud appar­
ently later than the Neocene river gravels which lie about it; dikes 
(No. 666 S. N.) in the Auriferous gravels at Port Wine; the columnar 
mass 1:} miles south of Dead wood Peak; a considerable area, more than 
a mile long, about 12- miles northeast of Rattlesnake Creek; the area 
just west of Whisky Diggings; the flow (No. 164 S. N.) west of Lincoln 
Valley; a mass (No. 842 S. N.) with slaty structure, forming the point, 
with an elevation of 7,532 feet, on the andesitic ridge 4~ miles east of 
the Sierra Buttes; a rounded mass on serpentine 1 mile west of Mount 
Fillmore. The last occurrence is partly columnar and partly bas a 
brecciated appearance, weathering into mammillated fbrms. These 
lavas are presumed, like the doleritic basalts, to have issued at the 
points where they are now found. On the geologic map they are grouped 
with the doleritic basalts, being thought to be, partly, at least, of early 

·Pleistocene age. ' 
ANDESITE. 

Hornblende-pyroxene-andesite.-TheN eocene volcanoes of the Downie­
ville area threw out vast quantities of coarse lavas in which black 
needles of hornblende and augite crystals can usually be seen with the 
naked eye. In addition to the breccia, there are large areas of massive 
andesite of the same coarse type, some of which contain no horn­
blende. A few small areas of very acid andesites, usually containing 
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biotite, are included with these coarser andesites on the geologic maps. 
For details concerning the distribution of some of the massive areas,· 
the reader is referred to that part of the previous report relating to 
Grizzly Peak.1 While these fragmental lavas are presumed to have 
been the r~sult of explosions, and thus to have been scattered over the 
Fmrronnding country, the rock over considerable areas appears to have 
been mixed with water and to have been veritable mud ·flows. Mr. 
Quigley, of Little Grass Valley, informed me that wherever in mining 
operations silicified trees were encountered in the cement lava (andesite 
tuff) they were lying at various angles, while in the gravel deposits they 
were fonnd nearly horizontal. This would seem to indicate that the trees 
had become embedded in the detrital lava and been carried down with 
it. However, at two points definite fissures in the older rock are ·occu­
pied to an unknown depth with the fragmental lavas, forming dike-like 
masses, so that at first glance one might suppose the lava came out at 
these points in a fragmental form. In the section on the Bidwell Bar 
area one of these dike-like masses has been described. Another similar 

. occurrence is at Poker Flat. Here Canyon Creek has cut through the 
dike to a depth of 1,000 feet, and the tuff can be seen in place in the bed 
of the stream. Some years ago a shaft was sunk in this fragmental 
material, with the expectation of finding gravel under it, which was, 
needless to say, a hopeless task. The depth of this shaft is said to 
have been 100 feet or more, and nothing but the cement la,va was encoun­
tered. The material may be seen to be distinctively stratified on the 
south bank of Canyon Creek just south of the Poker Fla,t Hotel, and in 
the bed of Grizzly Creek, which drains into Canyon Creek from the 
south. At other points, however, the material is a rubble of andesite­
tuff and the wall rock (serpentine) of the dike. In addition, there were 
noted numerous fragments of a fine-grained white lava (No. 259 S. N.) 
in the tuff dike on the north bank of the creek west of Howland Flat 
road. These rounded fragments are <·om posed chiefly of feldspar micro­
lites in a glassy base. There are minute scattered shreds of biotite and 
opaque black prisms that may be an iron oxide replacing hornblende. 
According to A. Wedderburn, the rock contains 2.16 per cent·of potassa 
and 3.48 per cent of soda. It appears to be a very acid lava of the type 
of dacites, in which the quartz occurs in the groundmass and not as 
porphyritic crystals. Rocks of this type were not found in place in the 
neighborhood. The Poker Flat fragmental dike may be supposed to be 
l;), fissure opened by an earthquake and filled in from above. 

There is another mass of fragmental andesite in the bed of Canyon 
Creek 1~ miles farther up the stream, at a point where a large branch 
enters it from the north. Here a dike of rhyolite forms part of the 
bed of the creek and extends thence up the south side, as previously 
described. The andesitic mass is in contact and in part apparently 
overlies the rhyolite, of which it contains fragments. The andesite 

'FourtePnth .Ann. Rep. U.S. Geol. Survey, map opposite p. 486. 
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tuff (No. 635 S. N.) forms the bed of the creek for about 300 feet, ami 
·thence extends north for about 600 feet, but does not extend up to the 
ridge on either side, as at Poker Flat. 

Prof. J. E. Clayton, in a report on the Plumas Eureka gold-quartz 
mine, which is on the east flank of the Eureka Peak, states that in one 
of the tunnels there was encountered "a dike of gray trachyte about 100 
feet wide, identical in structure and appearance with the volcanic out· 
:flow in the neighborhood." The ''gray trachyte" presumably refers to 
the andesite· breccia, an area of which caps the ridge just west of the 
peak. 

The coarse andesite here described occurs as a massive lava on Blue 
Nose Ridge, at Pilot Peak, northeast of Onion Valley, on Mount Fill­
more, west of Gold Lake (where it -is columnar), on Fir Cap, and on 
Hattlesnake Peak Ridge. The massive andesite just east of Bassetts 
(No .. 170 S. N.), at the mouth of Howard Creek, and 2 miles north of 
Bassetts (No. 248 S. N.), where it is columnar, is finer grained than 
much of the coarser type, but may be distinguished from the coarser 
portions of the fine-grained hypersthene-andesite, as the pyroxene is 
chiefly augite. No. 248 S. N. contains 1.74 per cent of potassa and 
2.68 per cent of soda, according to A. Wedderburn. This fine-grained 
variety of the coarse andesite occurs also as a distinct dike cutting the 
clay slates in the bed of Canyon Creek 1 mile northeast of Poker Flat 
(No. 181 Sierra Co.). This dike extends up the south slope, gradually 
broadening, and forms a conical bntte (No. 262 S. N.) 1 mile south of 
east from Poker Flat, where the lava in part lies in horizontal columns, 
and up the north slope, widening into an oval area 1! miles north of Poker 
Flat. There are also numerous small areas of a fine-grained massive 
hypersthene-andesite, hereafter to be described, but by far the greater 
number of the areas noted on the geologic map are made up of the coarse 
andesite tuff and breccia. Pl. XXVI, A, shows the unstratified charac­
ter of this material in this area, although it is not meant to imply that 
no stratification is to be observed in the district. On the contrary, the 
material is occasionally distinctly arranged in layers, as on the east 
bank of the Middle Fork of the Feather River, northwest of Mohawk 
Valley. 

There is a small patch of andesite tuff on the south slope of the 
Sierra Buttes at an altitude of about 7,000 feet, and as the tuff may be 
presumed to rest on a bit of the old Neocene surface, there is here evi­
dence that Sierra Buttes formed a mountain mass in Neocene time, the 
present altitude being 8,615 feet, or 1,615 feet higher than the tuff. 

There are granite bowlders on the backbone of a spur of Clermont 
Hill at about the 5,100-foot contour. This spur extends easterly from 
Limestone Point. Near its. terminus, west of the rmtd to Quincy and. 
north of the Nelson Point bridge, there are also granite bowlders. Their 
position is anomalous, as the nearest area from which they could have 
been derived appears to be that at Happy Valley, 10 miles or more to 
the east. The~e is also a large granite bowlder on andesitic breccia on 
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A . ANDESITE-BRECCIA, SHOWING THE ENTIRE LACK OF STRATIFICATION . 
B. DIKE OF HYPERSTHENE -ANDESITE IN THE ANDESITE-BRECCIA. 
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the west slope of the Grizzly Mountains, on a spur 4 miles due east of 
Spring Garden ranch. Possibly at all these places the granite bowlders 
were formerly embedded in the andesite breccia, and were brought 
down with the volcanic material. This origin has already been sug­
gested under Glaciers for the granite bowlders on the ridge 4 miles due 
west of the summit of Mount Ingalls. 

Forming a flat-topped hill on the ridge 2 miles northwest of Downie­
ville is a massive andesite (No. 626 S. N.) containing about 60 per cent 
of silica. The rock is remarkable as containing corroded qnartzes 
which are surrounded by shells composed of augite-microlites, in this 
respect being like the quartzes of basalts described by Iddings and 
Diller.1 There are also corroded feldspars in the rock and phenocrysts 
of a clear, nonpleochroic, rhombic mineral, probably enstatite. It is 
evident from the silica contents of the rock that it should not be called 
a dacite. Similar quartzes with the augite shells were noted in ande­
site No. 262, from near Poker Flat. No. 626 is likewise remarkable as 
containing a trace of chromic oxide, which may have been derived from 
the surrounding serpentine, through which it presumably passed in 
reaching the suface. (See complete analysis of this rock in the table 
of diorite family analyses in Chapter VI.) 

Analyses of the coarse hornblendic andesites. 

No. 69 I No. 72 No. 2621 No.l981 No. 123 No. 626 I No.~~ 
Plumas. I S. N. S. N. Plumas. l'lumas. S. N. I S. N. 

----------------- -~---

Per cent. l'er cent. Per cent. Per cent. Pm cent. Per cent. I Per cent. 

Silica .......... 57.32 58.47 59.34 59.97 60.00 60.02 60.20 

Lime ........... 7.13 6.60 6.45 6.09 6.33 7.01 6.04 
I Magnesia . _____ .... _ _ _ _ 2. 69 3. 50 ___ .... __ .. _... 4. 57 1 2. 69 

Potassa .. __ .... 

1 

1. 39 2. 01 l. 94 1. 35 1. 71 1. 59 \ 2. 01 J 
Soda . - ......... 

1 

4. 14 
1 

3. 58 3. 40 3. 98 3. 62 4. 57 ! 3. 58 

~------ ------ ---- --------

Analyses Nos. 72,262, and 16 are by Dr. Hillebrand; Nos. 69,123, and 
198 by Messrs. Hillebrand and Steiger; and No. 626 by Dr. Stokes. 
No, 69 is from a large bowlder in the andesite breccia northeast of La­
porte, and appeared to be a fair sample of the blocks in the breccia. 
No. 72 is from the andesite breccia at the southwest base of Mount 
Ingalls; No. 262 is from the columnar cone 1 mile southeast of Poker 
Flat, and is finer grained and probably later in age than the other 
andesites of the above table; No. 198 is a hornblende-mica-andesite 
resembling macroscopically the dacite of I1assen Peak, from 1-l0 miles 
.southeast of Grizzly Peak; No. 123 is from the large area 2~ miles south­
west of Eureka Peak; No. 626 is the quartz-bearing andesite previously 
noted northwest of Downieville, and No.16 is a massive hornblende­
andesite without pyroxene and with a cryptocrystalline groundmass, 
from 2 miles east of Mount Fillmore. 

1 Bulls. U.S. Geol. Survey Nos. 66 and 79. 
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]j1ine-grained hypersthene-andesite.-At many points in the large areas 
of andesitic material shown on the geologic maps are small bodies of a 
massive andesite that usually bas a marked slaty fracture or laminated 
structure. The same rock forms also some isolated areaR, and as it 
occurs in dikes in the fragmental andesite, it is evidently later than 
that material, and is therefore considered separately, although on the 
geologic map it is not distinguished by color from the coarser andesite 
just described. PI. XXI, from an area of this rock on Franklin Hill in 
the Bidwell Bar dh>trict, gives a good idea of the laminated structure. 

Macroscopically the rock is usually of light slate-gray color. Under 
the microscope it is characterized by a universal presence of hypers­
thene in minute laths, and in many cases the plagioclase occurs in the 
same form. Often there is no hornblende present, but about Poker 
Flat, Table Rock, and at some other points there are needles of brown 
hornblende, occasionally abundant. In some sections the plagioclase 
oecurs in squarish phenocrysts in addition to the laths, but this is 
unusual. An analysis of 209 S. N. may be found in the table of analyses 
of the diorite family. It has a higher silica percentage than usual. 

This rock forms isolated areas at the following localities: On the high 
points 1~ miles northeast (No. 209 S. N.) and 2 miles northwest (No.153 
Sierra Co.) of Goodyear's Bar; about one-fourth mile east of Denten's, 
in Mohawk Valley (No. 332 Plumas), a dike-like occurrence; and 1~ 
miles northwest of Saddle Back. It occurs in the same area with the 
coarse andesite at the following points: forming the top of a spur 1~ 
miles south of Sierra City; 2;}; miles northwest of Grizzly Peak; .1 mile 
north of Saddle Back (No. 258 S. ~-); and forming the level~ topped 
peak known as Table Rock,(No. 263 S. N.) and the point ll- miles north­
west of Table Rock. Dikes cut the fragmental andesite dike that 
crosses Canyon Creek at Poker Flat at several places southeast of that 
village. One of these (No. 630 S. N.) is shown in PI. XXVI, B. Au­
other dike (No. G31) in the andesite-breccia is on the backbone of the 
ridge J 2- miles southeast of Poker :Flat. This dike is from 15 to 20 feet 
wide, with a north-and-south strike, and the lava is columnar. 

On the west side of Illinois Canyon, about 1 mile cast of south from 
Mount Fillmore, are numerous dikes of the fine-grained hypersthene­
andesite in the detrital material which forms the base of the andesite­
tuff. This fragmental material (No. 275 S. N.) is practically a continu­
ation ofthe fragmental dike at Poker Flat, and contains numerous 
rounded fragments of the same fine-grained wliite andesite noted as 
occurring there, as well as fragments of vein quartz. The dikes in Illi­
nois Canyon dip at angles of 500 to 60°, and are from 1 to 10 feet in 
thickness. There are also thin dikes of this andesite in the clay-s!ates 
by the road a little west of Downieville (No. 185 Sierra Co.). 
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THE SUBJACENT PRE-CRETACEOUS SERIES. 

THE AURIFEROUS SLA.TE SERIES. 

JURATRIAS BEDS. 

Associated with the so-called quartz-porphyries of the Sierra Buttes 
ridge are certain lenses composed largely of siliceous argillite. These 
lenses are in part in the quartz-porphyry series and in part lie in its 
lower (west) border and upper (east) border. One of these areas, to 
the southwest of Gold Lake, is 2 miles in length, but usually the lenses 
are not so long. Certain thiu layers, a fraction of an inch in thickness, 
in some of the argillite, weather white, contrasting strongly with the 
nearly black color of the remainder of the rock. At other points there 
are oval bodies about three-fourths of an inch in maximum diameter 
that might be easily mistaken for fossils. 'rltese have apparently the 
same composition as the remainder of the rock, and their origin is dif 
ficult to explain. Somewhat similarly shaped oval bodies occur in the 
Mariposa slates northwest of Bear Valley by the trail to Hell Hollow, 
and were supposed to represent casts of seeds, but these have been 
examined by Professor Ward, who is unable to indicate their nature. 
The finding of an ammonite in the argillite lens of the Phamix mine 
was noted in the previous report. 1 This ammonite was loaned by Mr. 
Hendel and sent east for examination, but the writer has been unable 
to get any information about it. Mr. T. W. Stanton visited'the locality 
at which the ammonite is said to bave been collected, but was unable to 
find any traces of fossils. However, isolated specimens. of ammonites 
have been found in the slates of the Sierra Nevada at other points, as 
reported by Whitney, and there is no good reason to doubt the find in 

. question. This gives evidence of the Juratrias age of the argillite. 
In another iens of sedimentary material, a portion of which is com­

posed of the siliceous argillite and a portion of coarser sediments in 
part of volcanic origin, were found some radiolarian remains. ' The 
exact locality is on an cast spur of the Sierra Buttes, about seven­
tenths of a mile north of east from the main Sierra Butte. The vein 
of the Mountain mine is in this sedimentary lens, and the locality may 
be reached by the mine road which ends at this point. In a layer of 
fine breccia composed of small, light greenish-gray fragments cemented 
by fine sediment, nearly black in color, what appeared to be Hadiolaria 
were noted in microscopic sections. These rounded bodies are in the 
black matrix and not in the gray fragments. The thin sections were 
referred to Mr. Charles Schuchert, of the National 1\fuseum, who 
reported as follows: 

Tho two sliuos contain forms much like the Cenosphwra anu CarpoBphwm figured by 
Hinde, but are much larger than is usual for Radiolaria. I do not think that they 
will assist in determining the ago of tho beds in question. However, I have sent the 
slides to Dr. Hinue and asked him for his opinion. 

'Fourteenth Ann. Rept., p. 449, and Am. Geologist, Vol. XIII, p. 232. 
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Mr. Schuchert kindly sent me Dr. Hinde's reply, a portion of which 
is herewith inserted: 

I have duly received your esteemed letter of January 29, 1896, and the accom­
panying two slides of black chert with Radiolaria from the Sierra Buttes, Plumas 
County, Cal., which arrive!l a week later than the letter. I have carefully examined 
these chert sections all(l do not think that any conclusions as to the age of tho rock 
can be arrived at from the character of the Radiolaria in them. In fact, both the 
chert and the organisms in it might just as well bo Paleozoic as Mesozoic. I have 
ventured to make an exchange, and I am sending to you, under separate cover, a 
section of siliceous radiolarian rock from the lower Culm measures of Cor'uwall in 
place of one of your slides, so that you will be able to j ndge for yourself how simi­
lar in appearance Radiolaria may he from these widely distant localities. In the 
California rock the Radiolaria are somewhat smaller than the average of those in 
the lower Culm measures, but so far as I ban make out the same genera are present 
as in the English peak, and where only the casts are shown a comparison of species 
is hopeless. 

As outlined ou the map, the Mountain mine area includes several 
distinctly volcanic beds. Beginning on the west, we have the follow­
ing succession of the rocks: 

1. No. 600, the quartz-porphyry of the Sierra Buttes area. 
2. No. 601, a greenstone layer 200 feet thick, forming the summit of a little knoll. 
3. No. 602, a dike or intrusive sheet of white quartz-porphyry 5 to 12 feet thick, 

and at one "point plainly intrusive in 601. 
4. Nos .. 603 and 604, a plainly clastic series 150 feet think. 
5. A layer of quartz-porphyry (rhyolite-porphyry) or dacite-porphyry weathering 

a white color., having a thickness of about 50 feet. This may represent either an 
intruded sheet or contemporaneous flow. 

6 .. No. 606. On the east border of tho quartz-porphyry 605 is a black flinty lu.yer 
about 3 feet in thickness. The microscope shows this also to be a quartz-porphyry. 

7. No. 599. There is here a thin layer of greenstone tuff, and then a few feet of 
plainly stratified dark and light Kedimcnts (No. 588). 

8. The quartz vein of the Mountain mine, about 10 feet in thickness. 
9. No. 697. Above (east of) the quartz vein there is a crushed zone with more vein 

quartz, the thickness being perhaps 75 feet; then the fine-grained breccia (No. 607) 
containing the radiolarian remains. This breccia, with compact layers of siliceous 
argiliite from 3 inches to 3 feet in thickness, and one conglomerate bed containing 
angular blocks of the siliceous argillite, cqntinue clown the road (east) for 500 feet, 
m,aking the thickness of the layer 575 feet. 

'rhe clastic series of the Mountain mine may be said to end here, the entire thick­
ness (Nos. 603-607 and 599) being approximately 700 feet. 

10. Next east is No. 608. Quartz-porphyry tuff. Tho microscope shows this to be 
plainly clastic all(l to contain microlitic fragments, cryptocrystalline granular frag­
ments (chertf), rounded volcanic quartzes, and fragmental feldspars. There are 
interl,lecltlOll with this material a few thin layers of siliceous argillite. 

11. No. 609. Also a quartz-porphyry tuff and lies jnst east of layer 608, the thick­
ness o{ tho two being perhaps 1,000 feet (approximate only). 

The gener·al strike of the clastic beds of the Mountain mine and the 
quartz-porphyry tuft's lying just east is to the west of north, and the 
dip, except iri the crushed zone along the quartz vein, is uniformly to 
the east at from 5oo to 60°. 

Overlying the above beds are mbre even-grained greenstone tuffs 
(Nos. 610 to 612), which may be called uralite-andesite tuffs, the original 
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augite being largely replaced by uralite, etc. This is plainly a more 
basic series and does not, so far as examined, contain original free 
quartz. Although these massive tuft's exhibit planes or partings 
parallel to the dip planes of the underlying sediments, no clear evi­
dence of the dip of these beds was noted along the Mountain mine 
road, where they are finely exvosed. The uralite-a.ndesite tuft' bed con­
tinues eastward (down the slope) for more than 3,000 feet, where the 
underlying rock is obscureu by morainal material. However, about 1 
mile farther south, in the bed of the North Fork of the North Fork of 
the Yuba River, this uralitic augite-feldspar tuft' is plainly seen to be 
overlain by the red slates and fine-grained tuft's of the Milton forma­
tion. The same succession of the beds here indicated, from the quartz­
porphyry to the Milton series, indusive, is also to be seen on the south 
side of the canyon of the South Fork of the North Fork of the Yuba 
to the east of Sierra City. 

The Juratrias beds, showing beyond question the original stratifica­
tion, have been farther north much compressed,-and. when first seen in 
the region about the Salmon "Lakes and Gold Lake, where the tuffs 
may have been largely deposited subaerially, no evidences of an orig­
inal beduing were detected. After having seen the-beds at :Milton 
and on the east slope of the Sierra Buttes, the lake region was again 
visited. Four miles west of north from the Mountain 1pine sedimen­
tary area, to the east and northeast of Deer Lake, another lens was 
found, composed of siliceous argillite and tuft' beds, dipping 350 at 
one point, but at other points the dip was. much higher. 'rbe area 
here referred to is shown on the geologic map. On account of the fiat 
dip and the erosion the country bas undergone the siliceous argillite 
layers can not be traced continuously. Probably one examining the 
area as marked out would conclude at first that it should not be repre­
sented as a sedimentary mass, since the porphyry~tuff is the most 
noticeable part of it, aud it is only by careful seareb that the evidence 
of the inter bedding of these tuff masses with layers of the black siliceous 
argillite can be discovered. 

In the neighborhood of the Salmon I1akes the dip of the tuffs is much 
obscured. At various points, however, lines of partings, with layers 
of different color and texture, may be regarded as evidence of the 
original bedding. A good place to see this is at the outlet of Upper 
Salmon Lake. The dip of these beds is about the same as that of the 
clastic area northeast of Deer Lake, being 40o to 450 to the east. A 
secondary structure or fissure system is, however, much more notice­
able than the obscure lines of original bedding. This fissure system is 
illustrated by Pl.XXYII, which is from a photograph of a porphyry­
tuff bed one-half mile west of Upper Salmon Lake. There is no evi­
dence of the original bedding at this point. The partings are nearly 
vertical and strike east and west magnetic (var. 170 E.). 

The areas on the geologic map to the east and south of Mohawk 
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Valley shown as of J uratrias age may belong to another series. How­
ever, the tuffs of the area by the Middle Fork of the Feather, one-half 
mile upstream from the mouth of Willow Creek, are plainly bedded 
and appear to have been laid down in water. They strike north and 
south and dip 68° to the east, and much resemble the tuffs of tlw Mil­
ton formation. The area forming a hilltop 2~ miles due· east of Den tens 
is composed in part of a wollastonite ( ?) schist, like a portion of the 
area just northeast of the Sulphur Spring House. In the latter area 
also are some tuffs and garnet rock. Indeed, in all of these small areas 
the amount of igneous material is large, and further investigation will be 
necessary before the age of these areas will be known. The same may 
be said of at least a portion· of the sedimentary material on the slope 
of the ridge west of the Antelope House. If the writer is correct in 
regarding the district to the east of Mohawk Valley as a downthrown 
area, these so-called J uratrias beds on the east of the valley may easily 
have been directly connected before the faulting occurred with the sup­
posed Juratrias area extending from Howard Creek north to near 
Mohawk Valley. 

It is probable that the Juratrias beds above described are nearly 
related to the Sailor Canyon series of the southeastern part of the Col­
fax district. 

MILTON FOR~fATION. 

In the neighborhooa of the old stage station known as Milton, on the 
Middle Yuba, there are exposed a series of beds, largely tuft's, all of 
which, from their evenly bedded arrangement, present the appearance 
of having been laid down under water. These beds contain much. 
pyroclastic material of the augite-andesite type, some quartzite, fine­
grained red slates, a little limestone, and a variegated breccia or con­
glomerate, a bed of the latter being found by the road at Milton. This 
breccia contains abundant small fragments of chert and other rocks of 
various colors, and as was noted in the previous report, appears to 
have furnished the variegated pebbles referred to in the description of 
the Neocene river gravels of the Bidwell Bar and Downieville area:,:, 
Limestone, or more accurately marble, wa~ seen at two points only, one 
1.6 miles northeast, and the other 2.4 miles southeast of Milton, at 
both places close to the contact with the large granitic mass of the 
southeast corner of the Downieville area. 

The limestone contains yellow and reddish garnets and a wollaston­
ite-like mineral, presumably as a result of contact metamorphism. 
There is, therefore, little doubt that the adjacent granitoid mass is 
later in age than tbe Milton formation. .A.t the marble locality, 2.4 
miles southeast of Milton, just at the contact, the granite rit-1es as a 
steep wall above the level of the Miltou sediments and the bedded rock 
appears to abut directly against. the granite wall, the dip being east­
erly, that is, toward the granite. The hardened sandsto11c or fJilartzite 
of the Reries contains a good deal of an authigenic brownish-green mica 
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in minute foiis, which may likewise be ascribed to metamorphism. 
However, this body of sediments as a whole shows like evidence, both 
macroscopically aud microscopically, of having been greatly com­
pressed. Not only has very little secondary schistosity been devel­
oped, but under the microscope the grains usually show little evidence 
of crusting. The dip in the neighborhood of Milton is quite uniform 
to the east at 40o to 5oo, with occasional dips as low as 250. At the 
granite contact it is in places much steeper. The, Milton series seems 
to rest unconformably on the presumably Paleozoic sediments that form 
tile mass of the range in the Dowuieville area west of l\'hlton. These 
Paleozoic ( ?) rocks consist of blaek slates, quartztte, and magnesian 
limestone. They stand approximately wrtical and are much com­
pressed. The difference in the lithologic character of the two sets of 
rocks, the fact that one shows much evidence .of dynamic metamor­
pllism and tl1e other comparatively little, and tile marked difference in 
dip of the bodies taken as a whole, strongly suggest an unconformity. 
ln the Milton series the original planes of stratification for'm mie of 
the most noticeable features; in the magnesian limestone series the 
schistosity is more prominent and the original bedding made out with 
difficulty. 

A few dikes of diorite (No. 232 S. N.) and of diabase-porphyry (No. 45 
S. N .) cut the Milton rocks, and a large lens-shaped area of diabase· 
porphyry (No. 246 S. N.) lies just west of a strip of sedimentary rock on 
Howard Creek, presumed to bcloug to the Milton series. 

Although, as above stated, there is usually little difficulty in recog­
nizing at a glance the bedding plaues of the Milton formation, the 
strata are at some points intersected. by a system of fissures which cut 
acrosi" the bedding planes. 

Pl. XXVIII illustrates this. The beds shown in the plate dip east 
at an angle of about 25o, the fissure planes dippiug west about 60°. 
The picture was taken looking south. As may be seen in the illustra­
tion, there are a set of light-eolored lines lying-approximately parallel 
to the fissmc planes. They are, in fact, partings filled with secondary 
products (epidote, etc;), such as may be seen along the true bedding 
planes at other points in the Milton tuft's. If the true bedding were 
not here apparent this secondary structure might easily be mistaken 
for origiual beddiug. The water-laid tuffs and sediments of the Milton 
formation extend southeast and form a considerable area in the north­
east portion of the Colfax district. 

The relation of the Milton series to the quartz-porphyry of the Sierra 
Buttes ridge and the associated argillite lenses is made clear by an 
examination of the spur of the buttes on which the Mountain mine is · 
located, as described above. It is distinctly later in age than these 
supposed ,Juratrias rocks, aud are probably of Jurassic age, for the 
colleetive evidence is good that there are no Cretaceous rocks repre­
sented in the older complex (Auriferous slate series and associated 
igueous rocks) of the Sierra Nevada. 

17 GEOL, PT I--40 
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ROlliNSON FOIU!ATION. 

Under this head are grouped some metamorphic tuffs and ordinary 
sediments, which form several areas in the northeastern portion of the 
Dmvnieville area. A considerable number of fossils from a locality on 
the west side of Little Griz;z;ly Creek were examined and reported 
on by Mr. Charles Schuchert, and this report was printed in the pre­
ceding paper 1 under the head of ''Little Grizzly Creek beds." As 
there can be little doubt of their being Qf the same age as Mr. Diller's 
Robinson beds in Mount Jura, on the north side of Genesee Valley, 
they will be correlated with them and called the Robinson formation. 
A new locality of fossils in this formation was discovered hy Mr. T. 
W. Stanton. It lies just to the north of the. fortieth parallel and in the 
area of the Honey Lake sheet. The fossils were found i1t a bluish­
gray calcareous slate (No. 78 S. N.). One of these (Phillipsia) is a 
trilobite, so that to Mr. Stanton belongs the credit of being tlle first to 
discover one of these interesting crustaceans in the Sierra Nevada. 
These also were referred to Mr. Schuchert, who reported as follows: 

LocaUty.-Tmil from Little Grizzly Creek to Genesee Valley, Plumas County, Cal., 
about 3 miles northeast from Tower Peak, ou the slope west of vVard Creek, near 
the t.op of the ridge. 

Fa1mal list. 
Orthis michelini L'Eveille. 

Has been identified a number of times in the American Lower and Upper 
Carboniferous. 

Streptorhynchns crenistrins of American authors. 
The poor condition of these specimens does not allow me to make out their 

generic characters and therefore also not their specific. They represent a speeies 
of either Derbga, Orthothetes or Streptorhynchus. 

Ll.mbocrelia planoconve.Ta Shumard sp. 
Thi~ species in America is restricted to the Upper Carboniferous. 

Spirije1· stria Ius Martin sp. 
Has been identified a number of times before in the American Carboniferous. 

Product us~ 
Two poorly preserved species. 

Pelecypod like Goldia or Leda. 
Phillipsia sp. undet. 

The cephalic portion is not well preserved and does not enable one to make out 
the species at this time. 

Lophopllyllwnt prolijm·1wt McChesney~ 
These specimens are smaller than usual for the species. 

Crinoid column segments. 

The Robinson formation is considered by Mr. Walcott and Mr. 
Schuchert as of Upper Carboniferous age, and is thus distinguished 
from the Calaveras formation, which is lower in the Carboniferous and 
may include older Paleozoic beds. 

Prof. J.P. Smith 2 gives a list of fossils collected by H. W. Fairbanks 
on the McCloud River, which he thiuks the equivalent of the Hobinsou 

'Fourteenth .A.nn. Rept. U. S. Geol. Survey, Part II, 1894, p. 448. 
'Jour. of Geology, Vol. 11, pp. 601-602. 
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JURATRIAS VOLCANIC BRECCIA, SHOWING SYSTEM OF FISSURES OR JOINT (?) PLANES. 
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GENTLY DIPPING BEDS OF THE Mll.,.ON FORMATION. SHOWING SYSTEM OF FRACTURES CUTTING THE BEDDING PLANES. 
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a. NODULE IN QARTZ-MICA-DIORITE, SURROUNDED BY A RIM OF BLACK HORNBLENDE, 
b. HORNBLENDIC INCLUSION IN HORNBLENDE-LABRADORITE-PORPHYRY DIKE. 
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formation, although he places them in the Pitt formation of 1\ir. Fair­
banks, described later, which includes some Triassic beds. Professor 
Smith agrees with Mr. Walcott and Mr. Schuchert in regarding the 
Robinson formation as Upper Carboniferous. In the Downieville area 
a characteristic featme of the formation is a tuff in which porphyritic 
feldspars are usually to be seeu. Chemical aualyscs appear to show 
these tuffs tt~ have the composition of trachytes, and this is confirmed 
by a microscopical examinatiou, for while the feldspathie material of 
the groundmass is difficult of determination on aeeount of the minute 
size of the grains aucl the presence of much secondary mica, the por­
phyritic feldspars are seen to be microclinc and orthoclase in the speci­
mens aualyzed from the Downieville area (Nos. 219 and 352 Plumas). 
In No. 80 S. N., collectc(l by l\lr. '1'. W. Stanton from the original 
locality of the Robinson formation, north of Genesee Valley, the 
groundmass appears to have been very glassy, but to now be devitri­
tied. Such a rock may be called an apo-trachyte. However, this devit­
rification yet remains to be demonstrated. 'l'he phenocrysts in No. 80 
are not all a potash feldspar, some being twinned on the albite law . 

• -tnalyses of the tuffs of the Robin~on format.ion. 

·-----~-~::-80 s . .;·-: 

-·- ----- --~ ---· 

Per cent. 

Xu a;;z Plumas.b I No. 219;umas.b I 
----- ------

i 
Per cent. ! Per cent. 

55.29 53.98 Silica ... _ ............... _ ... . 

Magnesia ................... . l. 31 

Liwc ... ·'···- ............... . 3.08 2.78 

l Potassa. . . . . . . . . n. 01 

Soda........... 1. 94 

-----

5.58 4.8~ 1 

-~--6-5 __ I ----~a~ 
a Wed(lerbur·n, analyst .. b Steiger, analyst. 

South of Little Grizzly Creek there are two areas of metamorphic 
tuft's represented on the geologic map as belonging ~o the Robinson 
formation. 'l'his reference is made on a lithologie basis, as no fossils 
were found in these areas. No. 352 came from the area southwest of 
the Ot.is ranch. As may be seen above, this l1as the same eomposition 
as No. 219, which is from the Little Grizzly Creek fossil locai.1ty. 'l'he 
microscope also shows that Loth of these rocks have the same struc­
ture and composition. 

'l'hree and two-tenths miles southwest of Mount Ingalls there are 
fragments of the Robinson tuff in the granite, and at the same place 
a narrow tinger of the tuff extends south into the granite, as shown 
on the geologic map. Farther away from the contact, a little to the 
south of the above point, a fragment of the tuff having a length of 
perhaps 8 inches was found in the granite. 'l'be microscope shows 
that the material of the inelusion has undergone a eomplete recrystal­
lization, and is now practically a pyroxene-gneiss as far as microscopic 
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structure and composition go. Surrounding this nodule (No. 77 S. N.) 
is a rim of macroscopica1ly black hornblende about three-tenths of an 
inch in thickness, the prisms of which s'tand normal to the surface 
of the nodule. The line of contact of the hornblende rim with the 
included fragment and with the surrounding granite is sharp. Fig. A, 
on Pl. XXIX, is from a photograph of this specimen. The horn­
blende rim seems to represent a basic segregation from the quartz­
diorite magma. It will be noted that the rim ltas been fractured at 
one point and rccemented by the quartz-diorite material,'and that a 
black layer (lwrnblende) has formed in the lighter-colored· quartz­
diorite material parallel to tlte inner hornblende rim. 

Another thoroughly recrystallized specimen from the tuff finger 
referred to above is made of lath-like plagioclase with uudulous extinc­
tion and green hornblende. The ,edges of the grains of born blende 
atld of the feldspar l:tths are irregular. 

At the east edge of the map may be noted two areas colored as belong­
ing to the Carboniferous. One oftllese is to the north and the other to the 
south of Grizzly Valley. These rocks are thoroughly recrystallized 
aml look more like gneisses than sediments. Another hornblende­
gneiss that may be a contact form of a sediment or tuff forms a small 
lens in the granite 4 miles south of east from Milton. Although these 
areas are placed in the Carboniferous, they may be older, or if their 
gneissoid condition be regarded as the result of contact metamorphism, 
they may even be younger. 

Iu the Little Grizzly Creek area, at different points, were collected 
curious orbicular structures (Nos. 896 and 1681 S. N.), the origin and 
structure of which remain to be investigated. Iu fact, the area above 
referred to contains a great variety of rocks, at least as judged from 
their macroscopical appearance, and well deserves a special study. 

In the same area of the Robinson formation just referred to, a little 
to the south of the fortieth parallel, tllere are layers of red slate a few 
feet in thickness interbedded with a light-gray volcanic tuff, containing 
numerous small feldspar phenocrysts which weather white. The tuff 
layers contrast very noticeably with the red slate .. The strike of the 
series is 13° west of north and the dip is 60° E. The groundmass of 
the tuff (No. 63 S. N.) shows traces of a flow structure in the arrange­
ment of the particles. Whether or not this lava has the composition of 
a. trachyte was not determined. 

CALAV~mAS FORMATION. 

No evidence of the age of the Calaveras formation has been obtained 
beyond that given in the preceding report.' However, Professor Smith, 
in his paper on the met.amorphic series of Shasta County,2 finds that 
the McCloud limestone, which is regarded by the writer as part of the 

'See also Am. Geologist, Vol. XIII, p. 229. 
2Jollr. of' Geology, Vol. II, PP- 599-601. 

·~ 
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Calaveras formation, is in part Upper Carboniferous. After giving the 
list of fossils determined by Meelr from Bass ranch, Professor Smith 
writes as follows : 

Taken by itself the fauna would not be characteristic of Upper Car1ouiferous, and 
inuecd it is arbitrary to dmw the line at the base of the limestone. Even Fusnlina 
cy?indrica, which in the region east of the Rocky Mountains seems to be character­
istic of Upper Carboniferou·s, in Nevada is found also in'Lower Carboniferous. But 
the most decisive proof of the Upper Carboniferous age of these strata is their posi­
tion so far above tho Baird shales, which have been shown in this Jmper to be equiYa­
lent to the Lower Carboniferous of the Eureka district, Nevada, which is known to 
occur 3,000 feet above the base of the formation. 

The McCloud limestone is probably equivalent to the limestone of the Caribou 
formation of Plumas County. But J. S. Diller think8 that they belong to a lower 
horizon th}m that assigned by the writer. The Robinson beds of the Taylorville sec­
tion are prolmbly higher np in the section, bnt nevertheless the McClou(llimestone 
is, in part at least, equivalent. to the Coal Measures. 

The " Caribou formation," referred to by Professor Smith, was so 
named in a prf\liminary edition of the· Lassen Peak folio. The term has 
since been witlldrawn by Mr. Diller, and does not appear in the final 
Lassen Peak folio.1 'rhe "Caribou formation" of this preliminary edi­
tion is the Calaveras formation of the final edition, the latter name 
having priority and covering the same ground. 

As used in the Gold Belt sheets, the Calaveras formation includes 
all of the·Anriferous slate series older than the Juratrias and Upper 
Carbonifemus beds, known as the Robinson formation. As fast as 
definite horizons are recognized within the Calaveras formation they 
will be separated and designated under other names, so that if finally 
the age of all tile contained horizons is aseertained there will be no 
longer any use for the term. 

There can be no doubt that in northern California the Auriferous 
slate series is much less altered than in the Sierra Nevada, and is, 
moreover, much more fossiliferous, so tllat the composition of this com­
plex, and eonsequently a sdentific division into formations, can he 
made out much better there than in the Gold Belt region, where fossils 
when found are in nearly all cases crushed and distorted. 

As may be seen by inspecting the geologic map, there are numerous 
areas of limestone in the eastern part of the large tract mapped as Cala­
veras. 'rhis limestone weathers in very rough shapes and is usually 
a dirty light·gray color, and in this respect is distinguishable from 
the dark bluish-gray limestone which has thus far furnished the fossils 
of the Calaveras formation. At the· writer's request Mr. T. W. Stan­
ton examined a large number of these croppings for fossils, but found 
nothing whatever that could be determined as organic. There being 
no known unconformity uetween these beds and those known to con­
tain Calaveras formation fossils, they are called on the map that 
formation. 

'Geologic Atlas of the United States, Lassen Peak folio (No.l5), 1895. 
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Chemical analyses were made by Mr. Steiger of two specimens of 
this light-colored limestone, and are herewith appended. They are 
very distinctly magnesian limestones. 

Aualyses of mag11e8·ian lhnc8fones. 

~------ _____ ,.:;;;;- -""'"'·N~~ 
Silica - - - --- -- ~--- ------ ------ l'e~":";;· Pu c:·.t~O I 
Iron oxide ______ -------------- ____ ---------- _36 
Lime ____ -- - _ - __ -, _--- __ -- __ --

~fagnesia . . _-. _ ... _.- .. __ ..... 

30_19 

9.99 
31.33 

19.61 

No. 86 is from t.he large mass known as Limestone Point, ou a south. 
east spur of Clermont Hill. 

No.153 is from a lens north of lloganville, and was collected by T. W. 
Stanton. 

Tlle magnesian limestone series contains more or less material of vol­
canic origin, now so much compressed and altered that it is difficult to 
say exactly what was its original nature. Some of the igneous masses 
have been separated fi·om the clearly clastic material, as on the south­
west ~;lope of the Sierra Buttes, but this was impracticable at other 
points, sinee the interbeddeu volcauie material formed uo uefinite areas 
that could be uetermiued. An excellent place to see this complex of 
rocks is on the north slope of the main ridge, about 1! miles southwest 
of Bunker Hill. Here the rocks have been cleaned off by the former 
glacier that occupied the basin. Specimeus 125 to 128 S. N. were taken 
within a horizontal uistance of about 600 feet, aml, so far as could' be 
determined in the field, were parts of one uniform rock mass, there 
being no indieation that auy one was intrusive in any other. As deter­
mined by the microscope, No. 125 is a uralite-diorite, the plagioclase 
feldspars being mueh broken and bent. It was without doubt a thor­
oughly granular rock, and may represent an intrusive mass. No. 126 
is composed chiefly of a very minute network of uralite :!hers, with veins 
of secondary quartz. No. 127 is a tufl'aeeons sandstone, the clastie 
nature of the quartzes and feldspars "being evident: There is some 
uralite present. No. 128 was doubtle8s originally a holocrystallinc 
plagioclase-pyroxene rock, perhaps a diabase, but the feldspar is uow 
thoroughly altered, and uralite is very abundant in ratller large grains 
that are much sheared and drawn out in one direction. The rock has 
evidently been subjected to great pressure. The series 125 to 128 rep­
resents a unit in so far as the rocks composing it have been subjeeted 
to the same dynamo-metamorphic agencies whieh have formed schists 
of the entire series and pretty thoroughly masked the original nature of 
the components. 

Cutting this series i8 a large dike of quartz-porpllyry (No. 129 S. N.) 
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about 30 feet thick. This extends down the cliff toward about N. 
3oow, 

Cutting the quartz-porphyry in a nearly east-west direction is a dike 
of a granulite-like rock (No. 130 S. N.) composed of a plagioclase feld­
spar resembling albite, and of muscovite, with epidote and chlorite 
present as secondary products. Quartz appears to be present, but the 
feldspar much resembles quartz when not twinned. 

Just east of the 128 to 130 series is a strip composed of serpentine and 
of chlorite and talc schis-ts, and to the east of this the rocks of the mag­
nesian limestone series are more plainly sedimentary, being composed 
of fine-grained quartzite (No. 136), hardened sandstone (No. 135), and 
some limestone. To the west of the little lake that lies in the glacial 
basin southw:est of Bunker Hill the quartzite dips in varyiug direc­
tions an<t the amount of igneous material appears to ue less than on 
tlle slope to the south of the lake. 

On the southwest side of the lake are fine exposures of the thin­
bedded quartzite, it being here folded and contorted much as are the 
radiolarian cherts of Lawson's Franciscan 1 series in the Coast Ranges. 
Associated with the quartzite arc some layer~:> of iron ore (No. 147 
Pluma~:>), the c'roppiiigs of which are very irregular, as if deposited with 
the quartzite aml afterward fol<led with it. 

By far the larger part of the Calaveras rocks in the Downieville area 
are clay-slates. About Americ~tn Valley, along Nclso11 Creek, and to 
the· east of Downieville, these do not appear g·reatly altered. Never­
theless, characteristic fossils were not found in them. On Clermont 
Hill the slates are very siliceous. They appear, indeed, to be infiltl'ated 
with secoudary silica. 

Along and to the east of the serpeutine and mbphibolite belt that 
extends from Oak ranch to Goodyears Bar there is a coarse qnartz 
rock, which, under the microscope, is seen to be greatly crushed·, the 
quartzcs showing nndulous extinetion in a very marked manner.· No. 
198 S. N. shows, in addition to the greatly cruslted and sheared quartzes, 
little gamets and radiating brushes of fibers in the quartzes. 'l'he 
nature of the fibers was not determined. This quartzite-like rock is 
greatly coutortecl in places, and in general the dip and strike are vari­
able. These rocks are put in the Calaveras formation, although it is 
not clear that they certainly represent a sedimentary mass. It may, 
indeed, be a higl.Jly altered gabbro (see specimeus 198, 210, 21~, and 213) 
in which the original feldspar and pyroxene l1~we 1been replaced by 
quartz. 

On the ri.dge south of Fiddle Creek and in the canyon of the :M:iddle 
Fork of the Yuba, east of Indian Valley, the slates are so filled with 
dikes of various kinds and augitic tuft's that some portions of this 
area contain as much (or more) igneous as sedimentary material. Tlle 
irregularity of the dikes and tlle small size of any single dike make it 

lFifteenth Ann. Rept.. U.S. Geol. SnrYey, p. 420. The outcrop here represented shows no <:ontorted 
layers. 
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impracticable to represent them on the geologic map, 1 and the augitic 
tuffs are in thin masses in the slates. On this ridge were collected 
fine-grained argillite and cherts, in some of which traces ot altered 
chiastolite are to be seen. 

The slates colored as the Calaveras formation west of Scales are in 
part greenish and contain some secondary born blende. They appear 
to have been deposited under water, as they show the bedding planes 
to perfection in places, for example, by the road directly west of ScalPs. 
This sort of material forms the ridge to the west of the Poverty Hill 
gravel area. Some of it might be mapped as greenstone-schist, but 
tal•e11 as a whole it is believed to represent a truly sedimentary mass 
containing a variable amount of volcanic material and is probably very 
similar to the Milton series, portions of which contain more pyroclastic 
material than ordinary sediments. 

'l'he same greenstone tufts that were noted on the ridge south of Fid· 
dle Creek are represented ill the Calaveras formation along the Yuba 
River east of I11dian Valley by layers at many points, but the incli­
viduallayers are too narrow to be shown on the map. o~e mass near 
the granite area has undergoue an incomplete recrystallization, pre­
sumably as a result of contact metamorphism. 

The areas of sedimentary rocks of the Grizzly Mountains, colored 
on the geologic map as belonging to the Calaveras formation, comprise 
in part much altered rocks, and contain, particularly in the drainage 
of Long Valley and Cogswell creeks, much igneous material. The Bar­
row area to the west of the quartz-porphyry belt is in part a siliceous 
argillite, which may be assigued to the Silurian on. certain grouuds and 
to the Jnratrias on other grounds, as explained in the paragTaph on 
quartz-porphyry. 

THE UNALTERED IGNEOUS ROCKS. 

GRANITE. 

In the southwest corner of the Downieville district, forming a small 
area having a maximum diameter of about 2 miles, is a coarse-grained 
granitic rock which approximates iu composition a true granite. In 
general it is characterized by the abundance of biotite and the lack of 
hornblende, although one of the specimens from the west edge of the area 
shows a mere trace of biotite and rather numerous small, irregularly 
developed prisms of green hornblende. The locality is a very interesting 
one, on account of the great abundance and variety of dikes that cut 
the surrounding rocks. Indian Valley, on the North Yuba, has been 
carve1l out of this granite, which extends up the ridge to the south, 
forming the east part of the eminence known as Indian Hill. The dike 
rocks will be described under other headings. Most abundant are 
quartz·-diorite-porpbyrics, whieh cut the Indian Valley granite itself 

J A few may be represented in a diagrammatic manner. 
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(see No. 304), and the surrounding rocks as :well. One pyroxene-sye­
nite dike was noted. There are also porphyritic dike-rocks, belong­
ing to the diorite family, more basic than quartz-diorite porphyries. 
These appear to be the latest of the dike rocks at this as at other 
localities in the Sierra Nevada. 

On the south, and on the east and west a:,; far north as the river, the 
granite is bordered by serpentine, which is derived fror,. peridotite, in 
some of which olivine is still to be noted (No. 307 S. N. ). A very pretty 
study could here be made of the composition, relative age, and genetic 
connection of the different igneous rocks represented. At present these 
relations can only be suggested. The following order of sneeession 
may be indicated as the probable one: 

1. The clay-slates and associatefl greenstones. The slates are probably of Paleozoic 
age and the greenstones are chiefly angitic and uralitic tuffs interbedded with them. 

2. Peridotite and serpentme derived thereJrom. 
3. Granite of Indian Valll;y. 
4. Dikes of granite-porphyry (No. 306 S. N.), of quartz-diorite-porphyry (Nos. 304, 

290, 292, and 581 S. N.), and pyroxene-syenite-porphyry (No. 284 S. N.). 
5. Diorite dikes, sometimes with a nearly panidiomorphic structure. 

The following description of the granite of Indian Valley represents 
fairly well the, average rock. A eomplete analysis of this is given in 
the table of analyses of roeks of tl.Je granite family, in Chapter VI. 

Biotite-granite (No. 303 S. N.). 

Locality: North bank of tlw North Yn ba, near the east border of the Indian Valley 
granite area. 

Macroscopically, a coarse-grained, light-gray, granitic rock with abundant biotite. 
Microscopically, the structure is hypidiomorphic or granitic. The rock is composed 

of plagioclase with idiomorphic tendency, unstriated feldspar in part ortho­
clase, rather small grains of interstitial quartz, brown mica in rather large 
ptates, and a little apatite and iron oxide. Two of the plagioclases, twinned 
on the Carlsl.Jad and albite laws aml cnt normal to the twinning plane (010), 
were determined to be andesine. 

No. 306 is from a dike-like mass in the serpentine on the so nth slope of Inclian Hill 
in the bed-rock of the hyllranlic gravel mine. It may l.Je an apophysis of the Indian 
Valley granite area, the edge of which is close by. The rock l•as a porphyritic 
tendency, there being traces of a microcrystalline quartz-feldspar ~orronndmass 
between some of the larger anheurons. 

Analyses of the Indian Valley grani.le. 

1

-· ___ No.303S.N.a ~o.306S.N.b I 
Per cent. Per cent. 

I S~lica . _____ . __________ .. _ _ _ _ _ 68. 65 --- •• - ---- ---·I 

I
. ~::8:~~~: ::::::::::::::::::::: ~: ~~ 1·-·-· ----33--.-~-1 
. Soda _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 85 .,_ 

a Hillebrand, analyst. b ·wedderburn, analyst. 
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One and a half mfles northeast of Hattlesnake Peak is a small area 
of a light-colored rock (No. 25.5 S. N.) which the microscope shows to 
be a micropegmatite. It is classed with the granites, although the 
character of the feldspar of the rnicropegmatite was not deterniined. 
Plagioclase is present, but is in part altered. Usually it is surrounded 
by rnicropegmatite. The ferromaguesian constituents have been altered 
to chlorite and epidote. 

GRANIT~>PORPIIYHY. 

Porphyritic rocks having the compositiou of granite have bepu found 
only as dikes in this area. 

No. 581 is from the ridge extending east from Indian Hill, and it 
represents the dike-like protrusions of an area shown on the Colfax 
geologic map. 

No. 124 is from a dike in the bed of the east brauch of Nelson Creek. 
The groundmass of this rock is nearly cryptocrystalline. Mr.A. Wed­
derburn found No. 124 to contain 1.95 per cent of potassa and 5)W per 
cent of soda. 

,No. 203 is a dike along a large quartz vein by the trail about one. 
half mile south of the St. Charles ranch. 

In the bed of Onion Valley Creek, near tile west border of the 
Downieville slleet area, dikes of granite-porphyry (Nos. 90 and 92 
S. N.) from 4 to 8 feet wide were found by Mr. T. W. Stanton and 
myself cutting the black argillaceous schists of the Calaveras f(mna­
tion. Nearly all the granite-porphyries of wbich tbiu sections have 
been examined contain muscovite. 

(;HANULITE OR APLITE. 

Under this head are plaeed eertain white granites iu whieh dark con­
stituents form a small part of the rock or may be altogether wanting. 
Typical granulites or aplites are abundant as dikes cutting the quartz­
mica-diorite M the eastern portion of the area. Thl'Y are composed 
usually of quartz, ortlloelase, or microeline: with a little plagioclase and 
sometimes biotite. No.161 is fi·om a dike in the quartz-mica-diorite by 
the road io Sierra Valley. Another similar granulite (No. 227) ti'om 
the east of Milton is also a dike in quartz-mica-diorite. Complete 
analyses of both of these will be found in the table of analyses of the 
granite family in the ebapter on rock classification. Dikes of potash 
granulites also cut the granite of Indian Valley. 

The same soda-granulites noted nuder the BHlwell Bar area as cut­
ting the serpentine of Grizzly Hill and about Meadow Valley are found 
in the Downieville area ou the west flank of Clermont Hill. What 
appears to be a dike of this nature, but very coarse grained (No. 97 S. 
N.), was collected in the amphibolite-schist area east of Little Grass 
Valley. 
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Anai:IJses of (J'I"l!1wlife.s. 

l_ _____ ---==~~--- ---.---N-o.-2-27_s_·-__ :1\----~(-a_)-,--N_o_. '""· N. (o) I 

~- Fer cent. I'm· ce-nt. 

-I Silica .. --- .. -- - ............ -- 75. 97 76. o:~ I 
Lime......................... 1.49 1 ?8: I 
Pot ass a . . . . . . . . . . . . . . . . . . . . . . 5. 62 

Soda ............. __ .. .. .. .. .. 2. 51 
I 

a Hillchrand, analyst. 

On the ridge 5 miles southeast of Downieville is a considerable area 
of granitoid rock having a maximum width of nearly 3 miles anu a 
much greater length, as it extends south into the area of the Colfax 
sheet. This rock is characterized in general by an abundance of quartz 
in large grains, sometimes one-half inch in diameter, and the lack of 
ferromagnesian silicates. In the northwest corner of the area, and 
to n certain extent at other points, however, the last clements are well 
represented in the rock. In the sections examined t!Jc feldspars are 
too decomposed for determination. There are numerous quartz veins 
in this granitoid rock, and in Harris Meadows abundant green dikes 
were noted (No. 21G S. N.). These dikes will be further referred to 
under the bea(l of ophitoid quartz-augite-diorite. 

About 4 miles ea'it of Downieville, in the canyon of the North Yuba, 
is a small area of granitoi(l rock sinnlar to the Harris l\'l{\adows area 
on the ridge to the south. No certainly original ferromagnesian sili­
catt>s were detected in the section examined (No. 624 S. N.J. The q nart,; 
bas an idiornorphic teudency, a]](l much of the feldspar is twinneu on 
the albite law, with a maximum symmetrical extinction augle on 010 of 
wo, so far as measured. According to Dr. Fireman, of the Columbian 
University, this rock contains but .3 per cent of lime, and the feldspar 
is therefore albite. The rock may be called a soda-granulite. 

PYROXE!SE-SYI>NITE. 

J nst west of the granite of the Indian Valley area is a bouy of mixed 
rocks, in consillerable part of the magnesian series (serpentine, tremo­
lite, and talc-schists), but containing streaks of clay-slates and dioritic 
rocks. One mass (No. 28;3 S. N.) contains much colorless monoclinie 
pyroxene, showing iu the larger anhedrons, whieb _are of irr·egnlar 
shape, t.be prismatic deavage, on which extinction angles were meas­
ured in eight cases, varying from 270 to 430, the average being 33°. 
Much of the pyroxene is in small grains.. Gray grains, in part feldspar 
with presumably some quartz, form with the smaller pyroxene grains a 
mosaic-like grouudmass in which the large pyroxenes are embedded. 
The nature of this pyroxene rock is not known. ln it was collected a 
white dike with porphyritic biotites (No. :!84 S. N.), which at the time 
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was supposed to be :1 quartz-diorite-porphyry, dikes of which are very 
abundant about Indian Valley. There are also at the same locality, in 
the same magnesian series here referred to (No. 280-282), abundant 
other dikes, from 2 to 40 feet thick, which, in the field, were supposed to 
be quartz-diorite-porphyry, but as no specimens were colleetecl their 
nature remains to be determined. Cutting both the magnesian series 
and one of the dikes last mentioned is a diorite-porphyry (No. 283), a 
sample of which was collected. 

The dike No. 284 above referred to proves ou microscopic examina­
tion to be a syenite-porphyry composed chiefly of a, turbid alkali feld­
spar, in interlocking grains forming a groundmass in which are embed­
ded larger irregularly-shaped auhedrons of similar feldspar and of a 
green monoclinic pyroxene. This turbid feldspar appears in part to be 
orthoclase, hut the amount of soda present, as determined by a partial 
chemical analysis/ suggests anorthoclase. A little albite-twinned feld­
spar is also present. Rather abundant is a somewhat pleochroic titan­
ite-like mineral in irregular graius, and there is also apatite. Biotite 
and a garnet-like mineral were noted macroscopically iu the rock, which 
is strikingly similar to a dike collected in the Ron ora area (No. !.!50 S. N. ). 

In two publications 2 the writer has referred a rock (No. 165 S. N.) 
forming a considerable mass in the southea.st part of the Downieville 
area to the augite-syenite group, but further investigations indicate that 
it is more nearly related to the pyroxene-diorites. It is treated of in 
this paper under the quartz-diorites, as it is a facies of a large area of 
that rock .. 

QUARTZ-~IICA-DIORIT~~ (GHANODIORITE). 

Excepting an area just north of Seales, all the areas properly refer­
able to the quartz-diorite family are in the eastern part of the Downie­
ville district, where the rock is abundant. It is quite probable that 
all of the areas of the rock in this part of the district are actually 
connected, aud may be treated as one large area, although the cmmee­
tion between these can not be demonstrated on the surface. The rocks 
are m general characterized by a gmnitic habitus, and are usually 
spoken of as granite. At nearly all points both hornblende and biotite 
are present in the rock. Plagioclase, varying from oligoclase to labra­
dorite, is the most abundant feldspar, but some microcline or orthoclase 
is usually present. The interstitial quartz is in variable amount, and is · 
the last element to crystallize. The variatwn in composition is well 
shown in the table of analyses. At two points pyroxene-diorite forms 
a facies of the quartz-mica-diorite. One of these is 6.1 miles south­
west of Mount Ingalls, on the west slope of the Grizzly Mountains, .Just 
below the audesite-tuff area that caps the ridge. In this rock grains 
of brown hornblende and of pyroxene are included in a poikilltic man­
ner in the plagioclase feldspar, which is developed in large anhedrons. 
There is also a garnet-pyroxene rock at this point. 

'Mr. A. 'VedclerLurn found No. 284 to contain 6.92 per cent of potassa ancl4.86 per cent of smla. 
2 Jour. of Geology, Vol. III, p. 390; .Am. Geologist, Vol. XVII, p. 379, 
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The other locality referred to is about Hay Press Valley, in tl1e 
soutl1east part of the district. There is here a considerable mass of 
rock more basic than the quartz·mica diorite, containing rhombic and 
monoclinic pyroxene and very little quartz. It appears without doubt, 
however, to grade over into the quartz-diorit0. The rock was regarded 
at fin:t as an augite-syenite allied to the tnonzonites, but further inves­
tigation shows that the amount of alkali feldspar is too small to entitle 
it to a place in the monzonite group. These pyroxene diorites are 
treated of here on account of their genetic relation to the quartz­
diorites. The pyroxene-diorites referred to are represented in the 
table of analyses by Nos. 1 (};') and 166 S. N. They are both from 
north of Hay Press Valley. In structure and in qualitative miueral 
composition they are strikingly similar to the monzonites from South 
Tyrol, but, as before state1l, they contain too small a proportion of 
alkali feldspar. If judged by the microscope alone, one would have 
little doubt that the rock before him should be called a monzonite. 
The exact character of the later unstriated feldspar which incloses the 
older elements has, however, not yet been determined. It may be a 
soda-orthoelase; at any rate, in a few grains which show a cleavage 
like that of orthoclase the extinction was not parallel to the cleavage. 
'fhe chemical composition of No. 165, so far as determined, corresponds 
Yery nearly with the augite-noritc described by G. H. Williams 1 from 
New York. This angite-11orite is called an augite-diorite by Bri:igger.2 

Pyroxene-diorite (No, 165 S. N.). 

Locality: Area north of Hay Press Valley. 
Macroscopically, a dark-greenish, coarse-grained, granitoid rock, showing black 

mica and pyroxene-like grains. 
Microscopically, the structure is hypirliomorphic. Plagioclase in multiple twins, 

with idiomorphic tendency; pyroxeHe both monoclinic and rhombic and 
usually nearly idiomorphic; brown mica and grains of iron ore and micro­
pegmatite are in parts of the section inclosed in later unstriated feldspar. 
There is also a little quartz, j)erhn.ps later than the unstriated feldspar. The 
plagioclase appears to be andesine. The augite in part shows diallage cleav­
age. It is idiomorphic, and sometimes incloses grains of iron oxide. The 
rhombic pyroxene is hypersthene. The brown mica sometimes incloses grains 
of iron ore. The unstriated feldspar, as a rule, shows no cleavage, hut· with 
a high power arc seen numberless minute interpositions arranged in parallel 
rows, as in faserig (fibrous) orthoclase, but the elongated interpositions are so 
smttll as to be indeterminable by ordinary optical means. They are best seen 
by nearly closing the diaphragm below the stage, causing the light to strike 
the section at an angle. The fcldsj>ar extinguishes in some ani.Jedrons when 
these delicate liues of interpositions are parallel to the cross hair, aml iu other 
a.nhedrons when at an angle. Becke 3 described. similar interpositions in a 
potash feldspar, and showed them to be albite or albite-oligoclase. Apatite is 
11resent in minute prisms. Fig. B, Pl. XLII, shows the idiomorphic character 
of tho augite. 

'Am. Jour. Sci., Vol. XXXIII, p.l93. 
2 Die E~uptionsfolge der triadischen Bruptivgesteine bci Prcdazzo, 1895, p. ~~-
3Min. nnd petrog. Mitth., 1881, p.197. 
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No. 166 S. N., from the same area as 165, is similar in structure. It 
is a light-gray, coarse-grained, granitoid rock. The augite usually 
shows the diallage cleavage, but some of it is altered to uralitc and 
chlorite. A part of the plagioclase is labradorite. Nearly all of the 
grains of iron oxide are inclosed in biotite. Apatite h; quite abundant, 
in rather stout, irregular, and small idiomorphic prisms. 

Forming dikes in the quartz-mica-diorite at many points arc light­
gray rocks, usually showing no ferromagnesian element. These are 
granulites or aplites, and are closely related in origin to pegmatites, 
both rocks being often found in the same dike. East of Milton, a dike 
of a diabase porphyry (No. 226) and another of granulite (No. 227) are 
.intrusive in the quartz-diorite (No. 225). 

In the table of aualyses, No. 71 is regarded as the most nearly typical 
of the rock whieh has been termed granodiorite on the geologic maps. 
The author is not inclined, however, to permanently adopt this term, 
as the descriptive term quartz-mica-diorite appears to be sufficiently 
definite. '!'he ,Turatrias rocks of the Milton series seem to have beeu 
altere(] by the quartz-diorite:-~ and the tuffs of the Hobinson formation 
(Upper Carboniferous) at the southwest base of Mount lngalls have 
likewise been altered along the contact, and, moreover, are included in 
the granitic rock as fragments. The age of the quartz-diorite eruptions 
is therefore placed at about the close of the .Juratrias or very early in 
the Cretaceous. 

Analyses of the quai·tz-diori.te •erie8. 

; P_yroxenn-diorite.._l-- Quart7.-mica-<lioritcs. N. --o-.-

7

-

1 

~ 

~o.1651 ~o.l6.61 J\"o.225 I 1\o.345 No.359 
8. N.a . S . .N .b S. N.e , P!umas.d Plnmas.d S. N.c 

I 

~--

Per cent.) Per cent.- i Per ce: j Per cent. ' Per cent. Per c~nt. 
Silica------···--- 55.04 62.56 57.211 i 59.83 67.02 67.33 . I Lime _____________________ 5.50 .6.69 6.49 4.42 4.09 

M . 3 3.41 1 .... ___ 1 63 

1- ~-:~:::
1

~:::::~~:: 4~:_:<:>~, ---.2
3
· .. -8

1
-4
2 
.. 1'

1 

2 93 1.69 2.72 ~· 
6 

I 
. Soda .......... _ _ _ _ 2. 65 :~. 5:~ 3. 70 

---

aStokes, analyst. bSteiger, analyist. cHillebraud, analyst. dHillebrand anll q,teiger, analysts. 

QUAHTZ-DIORITE-POI{I'HYRY. 

As noted under "Granite," there are about Indian Valley very numer­
ous white dikes cutting nearly all the other rocks of that neighborhood. 
The microscope shows these dikes to be porphyries, having a rnicro­
cr,ystalline to cryptocrystalline groundmass composed of allotriomorphic 
grains of quartz and feldspar, in which are embedded idiomorphic pheno­
crysts of feldspar, biotite, and hornblende, with occasional quartzes. 
A complete analysis of one of these dikes (No. 304 S. N.) will be found 
iu the table of analyses of the quartz-diorite family. 'l'bese dikes are 
particularly well exposed in the rocky bed and banks of theN ortb Yuba, 
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east of the valley. At one point, about 1,400 feet upstream from the 
mouth of Humbug Creek, cutting the black, hardened slates, several of 
these dikes (No. 290 S. N.) were noted from 2 to 10 feet apart, all with 
a parallel strike toward about 77° west of south, or nearly east and 
west, dipping to the north at angles of from G0° to 70° from horizon­
tality. The strike of the slates is here about N. 30 W., and their dip 
GOO to 70o to the east. Such a series of dikes may be presumed to have 
a common source at some point not far below the surface, and may be 
called a multiple dike. At other points a few hundred feet west of the 
multiple dike similar dikes were noted, some of them intruded parallel 
to the strike of the slates. The dikes vary in thickness from a few 
inches to 15 feet. 

Quart.z-diorite-porphyry (No. 304 S. N.). 

Locality: Dike cutting the granite of In<lia.n Valley near the cast border of the 
area, on the north bank of the North.Ynba. There were several of these 
dikes, from 3 inches to 3 feet in diameter. 

Macroscopically, it is a medinlll-grained gray rock with small porphyritic crystals of 
feldspar, black mica, and hornblende. . 

Microscopically, the rock is composed of very fresh and beautifully twinned pheno­
crysts of feldspar, often with marked zonal structure, brown-green hornblemle 
in elongated idiomorphic prisms, and numerous foils of biotite in a nearly 
cryptocrystalline groundmass, which is composed of minute allotriomorphic 
grains, presumably of both quartz and feldspar. Such a rock may, perhaps, 
be more correctly called a dacite-porphyry, but most of the flikes show a dis­
tinctly microcrystalline groundmass in which both quartz aiHl feldspar Cltn be 
determined. The feldspar phenocrysts arc plagioclase. They are twinnefl on 
the albite and Carlsbad laws. Many of them are hexagonal in cross section. 

Analysis of qua1·tz-lliorite~pu1phyry. 

[Analyst, Hillebraml.] 

I--·---~1 -No._ao4s.N.I 
Per cent. 

Silica . _____ .... _______ . _______ . _____________ _ 

LiiiLO ........... ...... ------- ---· ------------------

Magnesia . - _ .... ___ .. ---- --- _ ---- ---. ___ - ----

t~:~:s~~- _-:-::::::: _-::::::::::::::::::::::::::: 

66.65 
4.44 

1.26 
1. 70 

4.59 

No. 584 S. N. is from a dike in serpentine on the north bank of the 
river, just west of the Indian Valley granite. 

No. 301 S. N. is a dike in the massive greenstone that forms a layer 
iii the Calaveras formation just cast of the Indian Valley granite area, 
on the north bank of the river. 

These quartz-diorite-porphyries occur also in other portions of the 
Downieville area. About the south enfl and along the east shore of 
Gold Lake they form irregular dikes, at points inclosing fragments 



640 GEOLOGY OF THE SIEURA NEVADA. 

of the greenstone. A dike 2Jt feet thick was also 11oted in the green­
stone breccia south of the Bear Lakes. The strike of the dike ( ~ o. 
20G Sierra Co.) is nearly cast_ and west, cutting across the apparent 
bedding (schistosity?) of the greenstone. 

On the north slope of Washington Hill, about 2 miles south of Lime­
stone Point, there were two dikes noted (No. 89 S. N.), which widened 
rapidly from a few feet to nearly 100 feet. 

In the bed of I{ock Creek, about one-fourth mile downstream from 
Scales, the slates are cut by a, quartz-diorite-porphyry dike about 40 
feet \lide. 

The similarity in composition of these dikeR to the quartz-mica-diorites 
(granodiorite) suggests a direct gene.tic relation, but no observations 
have been made which show sueh a relation to· exist. 

The structure of the quartz-diorite-porphyry il-l shown iu the photo­
micrograph of No. 298 S. N. (Pl. XI,IV, B), which is from a dike in the 
bed of the North Yuba referred'to under diorite-porphyry. 

OPHTTOID QUAHTZ-AUGITE-DlORITE. 

The dike of a quartz porphyry-like rock (No. 251 S. N.) that cuts the 
Calaveras formation northwest of Sierra City, just east of the quartz 
vein of the Sierra Buttes gold mine, appears to represent a peculiar 
quartz-diorite in whieh the feldspars are lath-shaped, penetrating the 
quartz iu an ophitie manner. Judging fl'Om the amount of secondary 
products, epidote and uralite, this dike contained originally nmch 
pyroxene. 

A similar dike(~) (No. 5HS S. N.), but with much less quartz, oceurs 
at the Kentucky quartz miue1 ou the Routh slope of the Sierra Buttes, 
east of Sierra City. 

On the north slope of Eureka Peak, included as blocks (No. 383 
Plumas) in the fluartz-porphyry, is a rock containing primary quartz 
grains which partly inclose lath-shaped feldspars. 'fhe former ferro­
magnesian silicates are now represented by epidote and chlorite. 

In the granitic area of Ilarris Meadows, G miles southeast of Downie­
ville, are numerous small, green dikes in which the metasilicate (augite) 
is still fresh. The close resemblance in structure of these dikes (No. 
216 S. N.) to the quartz-diorites above noted renders it probable that 
the entire series originally contained augite. No. 216 shows likewise 
an ophitoid structure, the lath-sbape(l feldspars penetrating both the 
augite and the quartz. Iron-ore grains arc abundant, altering to a 
white product, presumably leucoxene. A good idea of the structure of 
the above rocks may be obtn,ined by inspecting the photomicrograph 
of No.5;)() Calaveras (Pl. XI,VI, B), which appears to be an indusiou iit 
quartz-diorite-porphyry in the area of the Jackson sheet, although the 
expos~uc was not satisfactory and there is some doubt as to the relation 
of the two rocks. 
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DIORIT~'-PORPHYHY. 

Forming narrow dikes in this, as in most other areas, is a dark rock, 
usually showing numerous minute hornblende needles. The structure 
of these dike rocks usually is more or less nearly panidimorphic, the 
porphyritic brown hornblende being.usually quite idiomorphic and the 
feldspar often so. 

On Pl. XLIV, A (No. 298 S. N.), is shown a photomicrograph of one 
of these diorites. , No. 298 forms a border along a dike of quartz-diorite­
porphyry in the bed of the North Yuba, about 1,200 feet downstream 
from the mouth of Humbug Creek. This rock was at first thought to 
be salband to the quartz-diorite-porphyry dike, but a narrow inspec­
tion, both of the hand specimen and of the thin section under the 
microscope, shows a sharp separation of the two dike rocks, and makes 
it probable that they represent two distinct intrusions. 

No. 283 S. N. is from a dike of one of' those diorites, which cuts other 
dikes on the south side of the North Yuba, just west of the Indian 
Valley granite area. As noted under pyroxene-syenite, these white 
dikes may be either that rock or quartz-diorite-porphyry, a specimen 
of one of the particular dikes cut by dike No. 283 not having 'been 
collected. 

No. 134 S. N. is from a dike cutting an area of chlorite .and talc 
schists and serpentine on the north slope of the ridge, 1;!: miles south­
west of Bunker Hill. 

This dike, which is about 3 feet in diameter, lies rather flat. The 
microscope shows needles of brown hornblende embedded in a finely 
granular feldspathic base, which is obscured by a meshwork of minute, 
brightly polarized fibers, probably talc or sericite. 

No chemical analysl!s have been made of any of these dikes in the 
Downieville area. 

Accompanying the serpentine dikes on the west slope of the Sierra 
Buttes ridge are numerous dioritic dikes containing idiomorphic primary 
hornblende. These are more evenly granular than the dikes described 
above (see No. 221 S. N.), but n~ay be related to them genetically. 
Presumably they are intrusive in the serpentine. 

GABBHO. 

As limited by the writer, the feldspar of gabbro should be chiefly of 
the labradorite-anorthite series. In several of the areas called gabbro 
the feldspar is altered to saussurite, and is therefore not determinable. 
All of the rocks here called gabbros are medium to coarse grained, and · 
with one exception (No. 892) of even texture. As noted under serpen­
tine, there are frequently gabbro masses in the serpentine dikes that cut 
the eastern part of the large area of the Calaveras formation. The 
area that lies just east of the serpentine dike south of Goodyears Bar 
is composed of hornblende-gabbro, some of which contains secondary 
quartz. To the east of this area, along the North Yuba and on the 
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ridge north and south, is a peculiar garnetifcrous quartzite-like rock, 
greatly crushed and altered, which may be a product of silicification 
of the hornblende-gabbro. (See specimens 198 and ·213 S. N.) This sili­
ceous rock is, however, placed in the Calaveras formation. 

On the east slope of Eureka Peak is an area of gabbro (No.l58 Plu­
mas), and along its west contact with the quartz-porphyry of Eureka 
Peak pieces of the gabbro arc inclosed in the porphyry, showing 
the gabbro to be the older rock. A small mass of a similar gabbro 
lies about· a mile north of the summit of the peak, and another little 
area about a mile southwest of Bunker Hill. 

A narrow gabbro dike about 2 miles long; cuts the Calaveras formation 
a little ·cast of Downieville. 

By fiu the most interesting gabbro area -is that lying in the Willow 
Creek drainage east of Penman Peak. On the north it is in contact 
with au area of quartz-mica-diorite. This gabbro area was referred to 
in the previous report as exhibiting in places an orbicular structure. 
The orbicular rock itself contains olivine a11d iron ore with much 

I 

rhombic pyroxene and anorthite, but the average rock of the area is a 
normal gabbro coruposed of monoclinic pyroxene, brown hornblende, 
iron ore, and basic plagioclase. In some specimens there are large 
porphyritic hornblendes more than an inch long. The orbicules are not 
all round, as the name would indicate. One (No. 892c 8. N.), that has 
a kidney shape, is pictured on Pl. XXX, B. 

The analysis (No. 892) is of a piece of an orbicule which is made up 
ot layers of olivine, hypersthene, iron oxide, and a little plagioclase 
with intervening layers, chiefly of basic plagioclase, and with pyroxene 
in minor amount. Some monoclinic pyroxene and brown hornblende 
are also present. 

An important work on orbicular rocks by Dr. von Chrustschoff has 
lately been published. In his enumeration of localities of orbicular 
rocks Dr. von Chrustschoft' gives only one place where an orbicular gab­
bro has been found, namely, Romsas, Norway,! 

Analy~es of gabbros. 

[Analysts, Hillebrand and Steiger.] 

Silica··---- ____ .............. 

1 

Lime ....... ·---------·--·--·· 
Magnesia -----· ---· .......... 

1 Potassa . _________ .... _ .... - --~ 

\ ·soda .... ···-- .... ---- ....... . 
I_____ ___ _ 

No. 892 s~l~5~-;:m-=l 
Per cent. I Per cent.-~ 

45.92 

9.96 

13.85 

53. 14 

1

1 

9.56 

4. 97 I 
.10 1. 54 1 

--·~~1--~--~~J 
1 Ueber holocrystalline makrovariolitische Gesteine, vun Dr. K. von Chrus_tschoff, St. PetArsburg, 

1894, 40, p. 7. 
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THE. AUGITIC GR~JENSTONE SERIES. 

Under this heading will be grouped a series of old lavas, tuft's, aiHl 
dikes which in most cases show fresh augite, and whieh in all cases can 
be .shown to have been originally augitic rocks. Most of these rocks 
are of Juratrias age, but as the age of certain of the areas is in doubt, 
no age is assigned them on the geologic map. The series, as a whole, 
shows much less evidence of compression than the greenstones included 
under amphibolite, although the two series represent originallysimilar 
rocks, and it is by 110 means unlikely that original augite may be found 
in some of the areas marked as amphibolite. Uralite is, lwwever, pres­
ent in a variable quantity in 11early every specimen, and often epidote 
and chlorite, but, as a rule, the larger augites are still fresh. 

The angitic tuft's noted under quartz-porphyry as overlying tlie 
quartz-porphyry breccias form part of an area that broadens in the lake 
region, having a width in the latitude of Gold Lake of about 5 iniles. 
Considerable masses of this greenstone seem to represent massive lava 
flows, as at Mount Elwell. To the north of the lake region the green­
stones are buried under the large morainal area about Johnsville, reap­
pearing about 1~ miles north of that town and continuing to Long 
Valley, north of which they are again bidden by andesitic tuffs for a 
space of about 3 miles, then broadening again to the very large area 
that forms a part of the summit and much of the western slope of the 
Grizzly Mountains. If this greenstone area is actually connected as 
indicated, and all parts are of one age, there is suggested the possibility 
of a synclinal structure to this portion of the district. To the south of 
the Johnsville morainal area we have an easterly dipping series, as 
follows: · 

1. Quartz-porphyry and quartz-porphyry breccia, with siliceous argil-
lite lenses. 

2. Greenstone series. 
it Milton series. 
In the Grizzly Mountains to the south of Pine Creek we have a west­

erly (lipping (vertical along the summit) series as follows, beginning on 
the east: 

1. Quartz-porpllyry. 
la. Siliceous argillite. 
2. Greenstone series. 
The probability of the entire greenstone belt (2) being continuous 

and of the same age is considerable. Tile same can not, however, be 
said of the quartz-porphyry series of the Sierra Buttes ridge and the 
Grizzly Mountains. As previously stated, it is not impossible that 
the siliceous argillite of the Grizzly 1\'Ionntaim; ·is of Silurian age. 

About one-half mile southwest of Mount Elwell, by the trail to Long 
Lake, tllere is a small dike of an augite-porphyry or greenstone (Nos. 
204 and 205 Plumas) in a small lens of siliceous argillite. Fragments 
of the argillite are to be seen iu the porphyry. Near Wades Lake, 
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greenstone dikes, some of them 15 feet in width, are abundant in the 
schistose quartz-porphyry, as noted in the previous report. At the 
westendof Wades Lake, and extending north and south up the slopes, 
is a mass of limestone with a little siliceous argillite and conglomerate. 

Dikes of greenstone 100 feet in diameter cut this limestone. At the 
contact of the magnesian limestone Aeries and quartz-porphyry by 
Jamison Creek, south of Eureka Peak, numerous dikes of greenstone 
cut both formations. A greenstone dike (No. 179 Plumas) cuts the 
marble that has L>een quarried on Little Long Valley Creek. 

About 1.2 miles southwest of Bunker Hill, on the north slope of the 
ridge, is a mass of quartz-porphyry associated with talc and chlorite 
schists. This quartz-porphyry mass is cut by a greenstone dike (No. 
133 S. N.) which the microscope shows to be composed of plagioclase 
laths embedded ophitically in chlorite, whwh may represent original 
augite, so that the dike may be an altered diabase. These dikes give 
additional evidence, therefore, of the later age of the greenstones of 
the east part of the Downieville area. 

The greenstone area to the east of Little Grizzly Creek contains 
abundant large squarish crystals, which the microscope shows to be 
uralite paramorphic after augite. 

Forming a dike that crosses Canyon Creek 1 mile upstream from 
Poker Flat, at a. point where there is- a cascade in the creek, is a dike 
of a green rock that the microscope shows to be a diabase with ophitic 
structure. The augite is pinkish, and some of it is fringed with uralite 
fibers. The ilmenite is in part altered to leucoxene, and there is much 
chlorite present. 

No. 320 Plumas is a fine diabase with the augite wedged in between 
the feldspar laths. This is from Little Grizzly Creek, about one-fourth 
mile south of the fortieth parallel. The augite has an idiomorphic 

• tendency. There is abundant iron ore present, and apatite, some of it 
in very delicate needles, one of which has a length of .12 mm. and a 
maximum breadth of .0012 mm., or a length 100 times its width. Chlo­
rite, calcite, and epidote are present as secondary products. The area 
rPpresented on the map from which this specimen came is, however, a 
mixed one, and there is probably little true diabase in it. 

DIABASE-PORPHYRY. 

Along Howard Creek, bordered on the west by the large area of 
augitic greenstone of Juratrias age that extends nearly across the 
area of the sheet, and on the east by a strip of sedimentary deposits 
presumed to belong to the Milton series, is a lens of a porphyritic 
rock about 1~ miles in length. The most noticeable feature of this rock 
(No. 2,!6 S. N.) is the dark (whitish, when weathered), tabular feldspars, 
often half an inch in length. Under the microscope the groundmass 
is seen to be microcrystalline, and to be made up of grains and laths 
of feldspar, grains of iron ore and of an augite-like mineral,· and 
minute pleochroic prisms that extinguish at an angle and appear to be 
hornblende, perhaps secondary. The small size of the augite-like grains 
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makes their determinatton doubtful. The large feldspars are twinned 
on the Carlsbad and albite laws. Two of these, cut approximately 
normal to the twin plane (010), were examined. One proved to be 
andesine and the other labradorite. A piece of the rock was broken 
up and fragments of the large feldspars were picked out. These were 
subjected to a partial analysis by Dr. Fireman, of the Columbian Uni· 
versity, with the following result: 

Feldspar fron~ diabase-p011Jhyry (No. 246 S. N. ). 

I__ . !-~ 
I 

Si.lica . --.- ... - .. -.- . ---- .... - .......... -.- ..... I 5L 65 I 
L1me ................... ---· ...... -----· .... ... 9. 70 

~
otassa .. __ ......... __ .. __ ........ _ ....... _ •• _ . 1. 01 

Soda. - . - ... - - - - .. -... - - - -.... - .. - - - . - . - - - - - - - - - - 1. 92 I 
··--------------- -· --------

While not agreeing rigidly with the theoretic composition of any feld· 
spar, it is evident that this feldspar is near labradorite. These pheno· 
crysts are very abundant in the specimen, and indicate" a basic character 
for the rock. In some of them a little iron ore (magnetite or ilmenite) 
and a little uralite replacing augite were noted .. 

No. 192, Sierra County, is from a dike ( ~) on the north slope of the 
ridge about 3 miles north of the No. 246 area, by the trail from Gold 
Lake to Wash post-office, in Mohawk Valley. In this rock the porphy­
ritic feldspars of a greenish white color are being altered to a saussnritic 
material. On the east side of Mohawk Valley is a considerable area of 
a fine-grained rock, in a portion of which similar tabular plagioclase 
phenoflrysts are developed, although of smaller size. The rocks (Nos. 
104-106 Plumas) are more altered in this area, containing much 
brownish-green secondary mica, sericite, epidote, and uralite. The • 
uralite·in part has replaced former augite ( ~) phenocrysts. 

The rocks above described as diabase-porphyries are essentially iden­
tical with the labrador-porphyrites of Roseubusch, as exemplified by 
Nos.173 and 174 in the Voigt awl Hochgesaug collection, which illus­
trate Rosen busch's Massige Gesteine. The sections in the set belonging 
to the United States Geological Survey are more altered, however, than 
the rocks from Plumas County. 

LATg DIABASE-PORPHYRY DIKES. 

In the quartz-mica-diorite 6.7 miles southeast of the Sierra Buttes, 
or to the east of Milton, is a dark-green dike (No. 226 S. N.) along a 
dike of granulite (No. ~27 S. N.). The dark-green dike is a porphyry 
with a fine holocrystalline groundmass of feldspar, iron ore, and sec­
ondary brownish mica and uralite, with fresh phenocrysts of labradorite, 
and augites which are in some cases fresh at the center but are chiefly 
altered to uralite grouped in radiating brushes. This rock may also be 
called a diabase-porphyry for a basalt-porphyryY). An analysis will be 
found in the table of analyses of the gabbro family. 
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A similar dike (No. 45 S. N.) was found cutting the Milton formation 
south of Milton. • 

Capping the highest peak of the Sienra Buttes, according to Mr. 
Lindgren; is a green rock containing abundant fresh augite phenocrysts 
in a groundmass that appears to be holocrystalline. It is a diabase­
porphyry or a basalt-porphyry. 

QUARTZ-PORPHYRY (RHYOLITE-PORPHYRY). 

The rockR so designated form considerable areas in a belt extending 
north and south across the middle of the Downieville area. In almost 
any hand specimen there are numerous porphyritic quartzes to be seen. 
In the larger part of the quartz-porphyry a schistose structure bas 
been developed, coincident in strike and dip with the schistosity of the 
neighboring areas of sedimentary rocks and greenstones. The prevail­
ing color is a very light gray, nearly white when massive, but much of 
the schistose quartz-porphyry, as at Bunker Hill, bas a bluish tinge. 
When occurring in small amount in the other rocks, the color and aspect 
of the rock are less characteristic and the croppings frequently resemble 
those of the surrounding rocks, but in general one can tell at a glance 
what the rock before him is. Dikes of this rock in the Paleozoic ( '?) 
sedimentary series were found at various points. Those near Wades 
Lake follow the stratification where nol!ed, but southwest of the Sierra 
Buttes and at other points dikes cutting the slates at an angle were 
found. 

Extending from a point on the east slope of the Grizzly Mountains 
to the north of the fortieth parallel, in a nearly south direction, pass­
ing just east of Tower Rock and thence across the crest of the Grizzly 
Mountains down the west slope to Long Valley Creek, is a long, narrow 
area of the quartz-porphyry. This is believed to represent a surface 

• flow. A secondary schistose structure has b·een developed il1 much ot 
the area, the dip being often to the west and always at a high angle. 
The age of this lava is uncertain, but immediately west is a long, nar­
row area of siliceous argillite similar to tllat which Mr. Diller found 
north of the fortieth parallel associated with Silurian limestone. The 
age of thit-l siliceous argillite strip in the Downieville area must, how­
ever, for the present remain an open question, as it pinches out to the 
southeast of Tower Rock, and its relation to the Silurian siliceous 
argillite (Grizzly formation) has not been made out. 

No. 323 Plumas in the table of analyses is from this quartz-porphyry 
area. A complete analysis of the same rock by Dr. Hillebrand will be 
found in the chapter on the classification of the rocks. 

An area of a similar schistose quartz-porphyry extends from Eureka 
Peak to the ridge south of Sierra City. It form:;; the main mass of the 
Sierra Buttes, and as a portion of the area is distinctly a breccia it is 
supposed to be likewise chiefly au effusive mass. In the table of 
analyses, Nos. 149, 384, 153, 288, and 128 are from this area. 

The contact of this quartz-porphyry with the Paleozoic ( n sedim-ents 
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lying to the west is usually sharp. The Paleozoic series referred to 
was called in a previous paper 1 the magnesian limestone series. It 
may be older than the Carboniferous, but from lack of positive evi­
denc~e is mapped as part of the Calaveras formation. There can be no 
doubt that some of the quartz-porphyry is of' later age than the mag­
nesian limestone series, as dikes of it are common in that series, par­
ticularly to the west of' Sierra City, on the slopes of the canyon of the 
North Fork of' the Yuba. One of' these (No. 2::12 S. N.), from the dike 
by the trail to the Keystone mine from Log.:;t,nsville, has been partially 
analyzed chemically. · Anoth'er dike (No. 229 S. N.) is beautifully 
exposed in the bed of the Middle Fork of the Yuba about one-half mile 
west of Milton. [t has a width of about 40 feet and contains abundant 
inclusions of the olack argillite which it has intruded. A. smaller 
dike, about 1 foot in diameter, was noted at the same point, cutting in 
part across the schistosity of the argillite. 

Jlist southwest of Wades Lake is a dike of the quartz-porphyry (No. 
129 Plumas) about 8 feet wide, in the sedimentary series. This shows 
in thin section a spherulitic structure. 

'rwo and a half mile8 from the summit of ClermOilt Hill, on the top 
of its high northwest spur, is a small area of quartz-porphyry. There 
is another mass on Jamison Creek, 4 miles northeast of Eureka Peak, 
and a large area between Massick aud Squirrel creeks, about 12 miles 
northwest of the Sill'ing Garden ranch. As may be seen by examining 
the geologic map, the main qnartz.porphyry areas of the Downieville 
district form an interrupted belt extending across the area of the sheet 
in a north-south direction a little to the east of the middle of the dis­
trict. It is likely that these effusive rooks were all erupted at about the 
same period. 

As may be seen under the heading ".J uratrias beds," there are, in the 
quartz-porphyry, lenses of siliceous argillite which may be of Juratrias 
age, and if the quartz-porphyry is a surface flow this would indicate 
lil;:ewise a. Juratrias age for that rock. The following partial analyses 
will give the reader an idea of the composition of these acid rocks. 
They are plainly not typical quartz-porphyries or rhyolite-porphyrie~, 
as the average alkali content is too small. On the other balHl, the silica 
percentage is very high for dacites or quartz-porphyrites. 

Analyses of the qnartz-porphJJ1'ics (aporhyolite-porphyries). 

I No.222 No.323 No.l491 No.3841 No.153 I No.288 I No.128 1- S.N""_ Plumas.~~ l'lumas.djl'lumas~!~lumas.dll'lumas.rl 

·II Silica __ -. _. __ - __ . _ _ _ _ _ _ 73. 25 73. 52 is. 62 75. 061 76. 6~1 79. 41 
Lime ___________ . ______ , 2, 23 4. 13 2. 55 . 38 . 97 . O!l 

I 
Potassa ___ . __ -. 2. 46 3. 79 . 96 2. 23 4. 271 2. 29 2. 75 

Soda _ ~~-~ 2. 50 2. 69 2, 98 2. 4~6 _J 4. 62 2. 81 

a \Vedder burn, anal:.Tst. 
b Hillebrand, analyst. 

c St.eiger, analyst. 
d Hillebrand and Steiger, analysts. 

l.Jonr. of Geology, Vol. III, p. 398. 
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Some brief descr~ptions of the microscopic features of these rocks will 
be found in the author's paper in the Fourteenth Annual Report. A 
very considerable portion of_ the quartz-porphyry series is much altered 
and is quite Rchistose, the dip of the schistosity being often vertical. 

The relation of the quartz-porphyry breccia to the overlying green­
stone tuffs on the east slope of the Sierra Buttes is described under 
the heading "Juratrias beds." A considerable portion of the quartz­
porphyry of the Sierra Buttes and the ridge extending then~e north to 

FIG. 20.--Columnar J urat.riaA lava. 

Eureka Peak is regarded as a massive flow, and as underlying the quartz­
porphyry breccia beds. However,it~an not be said that the field exami­
nation was sufficiently thorough to determine whether this holds through­
out the area. 'l'he breccia beds, moreover, contain some fragments and 
layers of more basic lavas. One of these layers (No.141 S. N .) exhibits 
a columnar structure, the columns standing approximately vertical while 
the stratum as a whole dips at a considerable angle to the east. The 
loeality is about one-half mile southwest of Upper Salmon Lake. Fig. 
20 is from a photograph of this columnar lava. Underlying this stratum 
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is a quartz vein dipping east at an angle of about 450, along which 
extends a dike or thin sheet from 8 to 10 inches iu diameter. A tunnel 
had been run in to exploit the quartz vein. Taken in connection with 
the interbedded siliceou~ argillite of the Deer Lake clastic area, which 
would underlie this columnar lava, and the apparent bedding of the 
tuffs about the Salmon lakes before described, this quart~ vein will 
appear to have been formed along a bedding plane, or, to speak more 
correctly, the lower flow surface of the columnar lava sheet. The writer 
therefore regards the entire tuff series from the top of the ridge north 
of Deer Lake to Lower Salmon Lake as conformable, dipping to the 
east at an average angle of perhaps 45°. This comparatively low east­
erly dip will explain likewise the marked easterly extension of the 
boundary line between the quartz-porphyry tuffs and the overlying 
augitic tuffs, which about Upper Salmon Lake have been removed by 
erosion. 

So far as the writer's observations go, there are no evidences of orig­
inal stratification to be noted in the tuff series about Gold Lake and 
from there northward. Secondary structures (schistosity and fissure 
systems) only were observed; 

~'HE ALTERED IGNEOUS ROCKS. 

THE MAGNESIAN SERIEt\. 

The same association of magnesian rocks so characteristic of large 
areas in the Bidwell Bar district obtains only to a limited extent in 
the Downieville area, where serpentine is the chief magnesian rock 
represented. The largest area is a huge dike-like mass which, with 
perhaps some interruption, extends across the area of the sheet from 
the Oolfax. district. It crosses the North Yuba at Goodyear Bar, Oan­
yon Creek at Poker Flat, Mount Fillmore on its west slope, broadens 
to the northwest of Onion Valley into an area 4 miles wide, extends 
across the canyon of the Middle Feather, through Meadow Valley in 
the Bidwell Bar area, across the North Feather and its branches, form­
ing in the Lassen Peak area the point known as Red Hill, and to the 
west of the North Feather disappears beneath the Tertiary lavas of 
the Lassen Peak area. 

From specimens collected at many points it is known that the mother 
rock of this serpentine dike is a peridotite, or in places (see Bidwell 
Bar area) a pyroxenite. Remains of olivine ami pyroxene are still to 
be seen in the thin sections. 

One mile west of the St. Oharles ranch the rocks of the dike ( ?) are 
chiefly talc and chlorite schists. 

The following are specimens from this area: 

Pyroxenite (No. 399 Plumas.) 

Locality: From the south slope of the Middle Feather Canyon. 
Microscopically, it is composed of pyroxene grains, apparently enstatite, altering to 

tremolite. 
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Pyroxenite or peridotite (No. 397 Plumas). 

Locality: From about one-half mile south of Onion Valley. 
Microscopically, it is chiefly made up of colorless monoclinic pyroxene. Minute veins' 

of serpentine cut tho pyroxenes, and there is serpentine apparently forming 
around grains of pyroxene. This serpentine may, .however, have resulted 
from olivine grains now completely gone. 

Hornblende-pyroxene rock (No. 154 Sierra County). 

Locality: From Goodyear Creek 1 mile north of Oak ranch. 
Microscopically, it is made up chiefly of large anhcdrons of brown hornblende inclos­

ing rounded grains of monoclinic pyroxene. There is a saussuritic aggregate 
between some of the hornblende grains that may represent original feldspar, 
in which case this rock is allied to the hornblende g'ab bros (seeN os: 201 and 204). 

Peridotite (No. 177 Sierra County). 

Locality: From about 1,000 feet south of Poker Flat. 
Microscopically, it is composed of ~yroxene, in part monoclinic, and olivine, the lat­

ter plainly altering to serpentine along a network of cracks. ·with the ser­
pentine are streaks of magnetic iron oxide, with &orne chromic iron, the latter 
being somewhat translucent and showing a brown color by transmitted light, 
while the magnetite is opaque. Many of the grains of monoclinic pyroxene ' 
are likewise, but to a less extent, intersected by a network of cracks filled with 
serpentine. 

On the west slope of Clermont Hill white dikes of granulite cut the 
serpentine, and 2 miles south of Limestone Point there are in it large 
dikes of quartz-diorite-porphyry. 

'l'here are several dikes of serpentine, usually but a few hundred 
feet in width, in the eastern part of the large area of the Calaveras 
formation that covers such a large portion of the Downieville district. 
'Two of these dikes have a length of about 4-k miles. Certain less 
altered portions of these dikes are gabbro (see Nos. 220, 238, and 239 
S. N.), in which the diallage is chiefly fresh, but altering around the 
edges to fibrous hornblende, aud the feldspar is entirely gone and 
replaced by saussurite a.nd epiuote . 

.Apparently intrusive in the mother rock of the serpentine dikes of 
tbe west slope of the Sierra Buttes are dikes of diorit~-porphyry con­
taining idiomorphic primary hornblende. 

The small area about li miles southwest of Bunker Hill is composed 
of serpentine and talc-schist. These rocks are cut by a diorite-porphyry 
dike. 

The area of magnesian rocks that surrounds the south half of the 
Indian Valley granite mass is an interesting oue. To the west of the 
valley, serpentine, talc-schist, and chlorite-schist occur together, and 
bere may be seen white dikes in abundance cutting the series. These 
dikes are treated of unuer the head of pyroxene-syenite-porphyry allll 
quartz-diorite-porphyry. 

The following are Rpecimens from the Indian Valley area: 

Peridotite (No. 302 S. N. ). 

Locality: From the narrow strip of serpentine by the North Yuba jnst east of the 
Indian Valley granite. 
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Microscopically, remains of the original minerals are to be noted, but these grains 
look more like pyroxene than olivine. There is some colorless amphibole and a 
little calcite or dolomite. Fil1rous serpentine with blue-gray interference 
colors is the most abundant secondary product, but iron oxide and iron disul­
phide are also abundant. The chemical analysis indicates that olivine must 
have been present . 

.Analysis of peridotit.c (No. 302 S. N.). 

[Analyst, Steig.,r.] 

b . -~-. 
I ;;~i~~:~;(~~:: ~::::: ~:: ·~:: ::::::::::::-:::::: ~::::: 
I ~-irne .......... ·----- ·----· .................... . 

L:~nesia ....................................... . 

Peridotite (No. 307 S. N.). 

Per eent.l 

38.94 I 
9.96 

~~· ~~ I 
~ 

Locality: From the south side of Indian Hill, where hydraulic washing bas cleared 
oil' the gravel-that is to say, in the bed-rock of the gravel mine. 

Microscopically, as seen without the analyzer, the rock is composed of translucent 
ol.ivine-like grains, separated by anastomosing cracks· filled with darker 
material and translucent patches containing a fibrous material. With the 
analyzer the olivine-like grains are seen to be independently' oriented. The 
rock may reprt-sent a. peridotite with granulitoid structure. The translucent 
patches are made up of a meshwork of talc-like scales which is penetraterl hy 
colorless amphibole needles. A curious vein, with :L light-brown convoluted 
bonler, apparently chrysotile, cuts the section. Forming an inner coating to 
the light-brown borrl"r is a dark greenish-brown layer, from which innumer­
able minute clear crystals project into the clear i?terior. 

Chlorite-schist (No. 308). 

Macroscopically, this is a fine-grained, schistose, greenish-blue rock, forming seams 
in ser!lentinc J'\0. 307. 

Microscopically, it is made up chiefly of thick scales of highly pleochroic (blue­
green) chlorite and calcite or dolomite. 

There are a few streaks of serpentine along Spring Garden Creek, 
·downstream from Pine Creek, one of which (3~ miles northwest of the 
Spring Garden ranch) forms a dike in the slates, extending south up 
the ridge Rlope, but with this exception the serpentine is confined to 
the southwest half of the area. 

A::IIPHIBOLITE AND ;\IETADIORITE, 

_{Jnder this heading are grouped much altered igneous rocks now 
chiefly characterized by an abundance of green aluminous hornblende, 
usually of the fibrous uralite type, but in part a thoroughly recrystal­
lized hornblende. Some of the areas appear to have been originally 
augitic tuffs and surface lavas. Such is the greenstone west of Laporte 
and its continuation to the southeast, and most of the ma.terial in the 
southwest corner of the DowHieville area. It is possible that some of 
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these streaks of greenstone-for example, those northwest and south 
of the Eureka gravel mines-were layers of volcanic material laid down 
in water. Some of these areas are difficult to separate from the dis­
tinctly sedimentary material. Just west of Scales the indurated sedi­
mentary rock contains a good deal of secondary hornblende. However, 
the original sedimentary nature of this material seemed so certain that 
it is entered as part of the Calaveras formation. 

On the west flank of Clermont Hill, to the east of the serpentine 
area, is a lens of a coarse amphibolite-schist. In it are veins of a 
peculiar blue quartz (No. 458 Plumas). The microscope shows the 
dark color of the quartz to be due to vety abundant minute black 
grains whose nature was not determined. Another area is crossed by 
the South Fork of the .Feather River to the east of Little Grass Valley. 
In it are dikes of a coarse-grained rock (No. 97 S. N.), composed of a 
very white feldspar, pretty certainly albite, and the same peculiar blue 
quartz that occurs without any feldspar in the hornblende-schist of 
Clermont Hill, suggesting a genetic connection between the blue quartz 
vein and the soda-granulite dikes that are found at numerous points in 
the serpentine area of the west slope of the hill. Beside.-~ the two areas 
noted above, there is a much larger mass of this peculiar hornblende­
schist between Gibsonville and Canyon Creek. On the ridge north of 
Canyon Creek, at most points noted the schist has a nearly east-west 
strike, and it will be observed on the geologic map that its south border 
bas the same strike. The sedimentary schists on the ridge south of 
Canyon Creek are likewise displaced in the same manner. It is likely 
that the original rock of this schist is not the same as that of the 
uralite and epidote schist at Laporte and other points. The horn­
blende of the coarsely fibrous schist just described· is a deep-green, 
aluminous variety. A partial analysis of it was made by Mr. George 
Steiger. The specimen was a chip of No. 278 S. N., taken by the ditch 
on the north slope of Canyon Creek, 1 mile due east of Grass Flat. 
The hornblende :was not separated from the other constituents, and the 
analysis can not be used to determine its exact nature, but as the other 
constituents-quartz, epidote, and a few grains of pyrite-do not con­
stitute more than one-tenth of the rock, there can be no doubt that the 
hornblende contains a high percentage of alumina and iron. 

Analysis of amphibolite-schist (No. 2'18 S. N.), 

~- . ··--. --1--;~ 
I 

SllJCa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48. 21 I 
Titanic acid.................................... 1.84 f 

I ~lumina ................. ------................ 14.:6 I 
Lxide .............. ----------------------~- _ 1~~ 
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Just south of the bridge over the east branch of Slate Creek, by the 
road from Howland Flat to Gibsonville, there is a streak of quartz­
schist, in part garnetiferous, in the coarse amphibolite-schist just 
described. This is too small to be indicated on the map. 

ECONOMIC GEOLOGY. 

GOLD GRAVELS. 

The gravels of the Tertiary rivers have already been described. 
Besides 'the ordinary ''bars" and gravel in the stream beds, the soil and 
loose material itself have been mined, particularly on the ridge 3 miles 
east of Gold Lake. The Hayes mine at this point has proved very 
profitable. Some years since a shaft was suuk in the middle of the 
American Valley, but little if any gold was taken out. Along the can­
yon of the North Yuba at Downieville and at other points may still be 
seen remnants of gravel benches which were formerly extensively mined 
with good returns. 

GOLD IN QUARTZ-PORPHYRY (RIIYOLITE-PORPHYRY). 

One mile east of Onion Valley is a dike of rhyolite-porphyry in the 
Auriferous slate series, at the head of Poorman Creek, in a decomposd 
portion of which free gold occurs, associated witli little veins of quartz. 
As the gulch was very rich below this dike (No. 400 Plumas), it is 
possible that much of the gold in it carne from the dike. At the 
time of the writer's visit the gravel and morainal debris about the gulch 
was being mined by the hydraulic method by Mr. Thomas, the owner 
of the claim, two gold bricks, of the value of about $5,000, attesting 
to the richness of the gravel. This gold deposit is of unusual interest, 
as being in a dike of late Cretaceous or Tertia~y age. The rock may 
be termed a rhyolite-porphyry. It is composed of crystals of brown 
mica, sanidine, plagioclase, and quartz, in a finely micogranular ground­
mass of apparently both quartz and feldspar. 

GOLD IN QUARTZ VEINS, 

No portion of the Sierra Nevada is more prolific in quartz veins than 
the Downieville area. Large and continuous veins are, however, not 
the rule, and the mines :1s a whole have not proved nearly so rich as iu 
other districts. The most notable mines are those on the east slope of 
Eureka Peak, known as the Plumas Eureka., and the Sierra Buttes 
mines, northwest of Sierra City. These have been worked with much 
profit for many years, but are now nearly exhausted. According to 
Mr. J. A. Edman, the vein matter in the Plumas Eureka consists of a. 
firm, white quartz, carrying a large percentage of pyrite, with g-alena. 
and some zin.c-blende, the gold being about evenly distributed through 
the quartz and the sulphides. To the south of the Plumas Eureka the 
Little Jamison quartz vein is said to promise well. 
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The Sierra Buttes vein is a large one, in places 40 feet in width, dip· 
ping to .the east at from 400 to 500, It was worked for many years 
with large profit. 

The Young America vein, on the east slope of the Sierra Buttes, wns 
a soft, brittle quartz, with porphyry walls, and is said to have paid from 
$20 to $30 per ton. The quartz contained very little sulphide, the ore 
being fi·ee milling. According to Mr. Lindgren, the pay chute was 
narrow on top and widened out below, being 400 feet wide in places. 
The vein in general varies from G to 12 feet in width. The Mountain 
mine, on the spur south of the Sardine Lakes, produces a high-grade 
ore. Like the Young America mine, it is most picturesquely located. 

The Phmnix mine, on the southeast slope of the Buttes, is another 
valuable property, but has not been working lately so far as known to 
the writer. There is considerable prospecting going on in the ridge 
south of Sierra City and Downieville, where quartz veins are numerous, 
but no mines of importance are being worked there at present. The veins 
occur both in the slates and in the granite area of Harris Meadows. 
At Gold Valley two quartz veins have been developed, the Goltl Valley 
Mining Company's vein and the vein of the St. Johns mine; both strike· 
northeast and dip southeast. The veins are about 5 feet wide. In the 
Gold Valley mine sulphides were so abundant that a chlorination plant 

' was necessary. 
Two mines have been developed on the west side of the North Fork 

of theN orth Yuba, to the north of Downieville. The Good Hope, about 
500 feet above the skeam, is a vein between slate and serpentine. 
The strike of the ledge is northwest and southeast. The Gold Bluff, 
farther up the ravine, is still being worked. The strike of the ledge is 
said to be north and south and the dip 45° to the west. 

Quartz veins are abundant in the slates along Willow Creek east of 
Clermont Hill. For details in regard to the mines the reader is referred 
to the reports of the State mineralogist of California. 

In the Willow Creek 1 drainage, to the south and southeast of Grizzly 
Hill, the gravels along the stream bed have been worked for many years 
with considerable profit, pointing to the existence of auriferous-quartz 
veins in the older rocks. No large veins have, however, been yet devel­
oped in this territory. Quartz veins are abundant on the ridge west 
of Willow Creek, to the south of Gravel Range, and iu tbe vicinity of 
Sky High, 4 miles southeast of Merrimac. They were also noted on the 
south spur of Mount Ararat. 

:VIANGANESE. 

As stated under "Gold veins," there is a vein of oxide of manganese 
near the Diadem lode. According to Mr. Edman there is a deposit of 
manganese ore about three-fourths of a mile due south of Edmanton. 
This is known as the Penrose lode, and is located on the economic 

-- --- ----~~~~-~----

1 This is not the same Willow Creek as the one just noted. 
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sheet of the Bidwell Bar folio of the Geologic Atlas of the United 
States.1 

According to 1\ir. Edman the Penrose lode is made up of quartz and 
psilomelane. It may be traced northwesterly as far as Eagle Gulch. 
Lenticular bodies of ma1iganese (pyrolusite and psilomjjlane) are met 
with in the soft talc slate:s found between the iron vein and the Diadem 
lode. 

IRON ORE. 

There is a mass of magnetite by the creek north of Gold Valley, the 
surface of which has been smoothed by glacial action. On this surface 
are numerous :figures drawn in former times by the Indians. This mass 
is noted on the economic sheet of the Downieville folio (in preparation), 
as is also another smaller mass just southeast of the Spencer Lakes. 

CHROME IRON. 

In the gravel of Goodyear Creek waterworn pebbles of chrome iron 
have been found. These doubtless came from t,be neighboring serpen· 
tine area. Similar pebbles from the gravel at Howland Flat indicate 
bodies in place not far away, as the pebbles are too heavy for distant 
transportation under ordinary circumstances. 

LIMESTONE AND MARBLE. 

The very abundant limestone masses that form a zone in the Paleo­
zoic slates just west of the quartz. porphyry belt of Eureka Peak and 
Sierra Buttes are chiefly of a dirty light-gray color. Anoth.er similar 
mass is found on the main southeast spur of Clermont Hill, and is 
known as Limestone Point. Analyses of two samples of these lime­
stones are given in the paragraph on the Calaveras formation, and 
show that they are highly magnesian. On Little Long Valley Creek 
is a mass of crystalline limestone or marble. Some of this has been 
burned for lime. 

THE SIERRA VILLE SHEET. 

The area covered by the Sierraville sheet lies immediately east of the 
Downieville district. One of its marked features is Sierra Val1ey, the 
southwestern part of which is at times submerged. In this valley 
the Middle Feather has its source. Artesian water has been struck at 
many points in deep wells. One flowing well, on the north side of the 
valley, may be seen by the road from Chat to Beckwith. At the north­
east side of the valley lies the Beckwith Pass, having an elevation of 
about 5,300 feet. This is said to be the lowest pass in the range, and 
to be comparatively free from snow in winter, making it a desirable 
route for a railroad. · 

Humbug Valley, in the northwest corner, contains lake sediments 
deposited by the same body of water that filled Mohawk Valley in 
Pleistocene time. 

1Themanganese 1 chromite, and magnetite deposits near }feadow Valley were noted on tho economic 
sheet of the Bidwell Bar folio from information furnished by Mr. Edman. 
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The larger pa:rt of the area is composed of granitic rocks, and where 
these have been observed in the western part of the district they are 
of the quartz-mica-diorite type. This is the case west of" Sattley by 
the road to Sierra City, about Humbug Valley where exposed, and 
by the road from Beckwith to Red Clover Valley. In the granite about 
one-fourth mile northwest of Beckwith post office, to the north of the 
road to Mohawk Valley, is a dike of greisen or quartz-muscovite rock 
which contaim; grains of a biaxial topaz-like mineral (No. 58 S. N.). 
Topaz is a common constituent of dikes of this nature. 

Overlying the granite and associated older rocks are very extensive 
areas of Tertiary lavas. The portion of the area south of Sierra Val· 
ley, the district lying west of Sierra Valley of which Beckwith Butte is 
the most prominent point, and the ridges between Red Clover Valley 
and Sierra Valley are largely covered with these lavas. The lava of 
the summit of Beckwith Butte is a basic andesite with phenocrysts of 
labradorite, augite, and hypersthmw in a glassy groundmass. On the 
north and east flanks of the butte are some areas of rhyolite, which is 
evidently older than the andesite that forms much of its upper portion. 

An interesting dike is exposed along the Middle Feather about one­
half mile west of the mouth of B1g Grizzly Creek. Along the roadbed 
of the Mohawk Valley Railroad the dike has been cut through, making 
an exposure of about one-fourth of a mile of fresh rock. The rock of 
the dike is a basic porphyry, containing much brown hornblende and 
some angi~e, with traces of an apparently glassy base, now devitrified. 
The feldspars range from labradorite to anorthite, and compose much 
the larger portion of the rock, placing beyond doubt its basic nature. 
The dike is particularly interesting from containing numerous angular 
inclusions of a more coarsely crystalline rock of the same nature as the 
general rock of the dike. A hand specimen showing one of these 
inclusions is shown in Pl. XXIX, B. The inclusion is largely made up 
of brown hornblende and basic feldspar. These inclusions seem to rep­
resent an earlier crystallization from the same magma as that of the 
general dike rock. The dike is presumably pre-Tertiary in age. The 
high ridges along the eastern portion of the area appear to be chiefly 
granite. 

The southern part of the district ,has been somewhat examiued by 
Mr. Lindgren, who will later publish some notes about it. 



CHAPTER V. 

DISTRICT SOUTH OF THE COSUl\1NES RIVER. 

GENERAL REMARKS. 

The district to the south of the Cosumnes River, or approximately of 
38o 30' north latitude, has been in part studied in detail. The writer's 
notes on the Jackson area have already been published, and the geo­
logical field work of the Sonora area is complete. A reconnaissance 
bas been made of a considerable portion of the Oakdale, Merced­
Mariposa, Big Trees, Dardanelles, Yosemite, and Mount Dana areas, 
and some notes have also been made on the geology of the Kaweah 
River drainage. The material gathered in the course of these explora­
tions bas not been thoroughly elaborated ·and classified. Moreover, it 
is expected that much additional information concerning this portion 
of the range will be acquired in the near future. However, as it may 
be some time before this material is in shape for publication, it is 

_thought best to present here some of the writer's notes, although these 
are not well systematized. 

THE JACKSON AREA. 

Practically no further information has been obtained concerning the 
Jackson area than that published in the text accompanying the Jack­
son folio 1 and the notes in the Fourteenth Annual Report.2 Atten­
tion should, however, be called to the granitoid rock areas southeast 
of Milton and north of Jenny Lind. These rocks were called coarse­
grained quartz-porphyrites in the former publications. In realit.y they 
are typical quartz-diorite-porphyries. Occurring apparently as an 
inclusion in the porphyry (No. 1689 S. N.) is a. rock (No. 550 Calaveras) 
which appears to have originally contained augite. The lath-shaped 
feldspars penetrate the primary quartz and the secondary ( ¥) horn­
blende in an opbitic manner. This rock is very similar to that of the 
dikes described as ophitoid quartz-augite-diorite ii.1 the Downieville 
area. A photomicrograph of a thin section of this rock is shown on 
Pl. XLVI, B. 

Another correction of more importance relates to the age of the strip 
of slates that ends on the map exactly on the southeast corner of the 

'Geologic Atla~ of the United States, Jackson folio, California (folio 11), Washington, 1894. 
2 The rocks of tho Sierra Nevada: Fourteenth Ann. Rept. U. S. Ge61. Survey, Part II, 1894, pp. 

435-195. 
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sheet. If the Jackson geological map is examined, it wil1 be noted that 
just west of it is an elongated area of greenstone (db). On account of 
the general resemblance of these slates to those of the Mariposa forma­
tion lying immediately west, and because of the reported find of an 
ammonite by Whitney 1 in the continuation of these slates at Robin sons 
Ferry, on the Stanislaus, these slates are colored on the map as part of 
the Mariposa formation. Last summer, on Mormon Creek, in the 
Sonora area, at a point directly in the strike of these beds, limestone 
croppings in the slates were found in which were round crinoid stems 
indicating a probable Paleozoic age. Moreover, at no point in the 
vicinity in slates known certainly to belong to the Mariposa formation 
has any limestone been found. In the northwest continuation of the 
slate area here referred to, about 1 mile southwest, of .Angels, there is 
a small lens of limestone, as noted on the Jackson map. There is then 
a probability that this strip of slates, about one-half mile in width, 
should be colored as belonging to the Calaveras formation, although 
the mere presence of the limestone lenses and the absence of limestone 
in general from the Mariposa formation must be regarded as evidence 
of a second order. .As may be noted in the description of the Sonora 
area, there is some limestone' south of the Merced River in slates that 
probably belong to the Mariposa formation. 

THE SONORA AREA . 

.As already stated, the field work in the Sonora area is practically 
finished, and complete notes concerning it will be published with the 
folio. In the meantime a few general statements may be made concern­
ing the district. As a whole, the geology of the district is very similar 
to that of the Jackson area, nearly all of the formations represented 
on that sheet being also found in the Sonora dli;trict. 

NEOGENE RIVER GRAVELS. 

The deposits of the Tertiary rivers have been largely removed by 
erosion. The best-preserved channel Is that underlying the Tuolumne 
Table Mountain. According to Professor Whitney2 the lava that caps 
this mountain forms part of a flow that originated high up in the 
mountains, beyond the Calaveras groves of Sequoia gi,qnntea, or big 
trees. A portion of the flow is preserved on the north side of the 
Stanislaus. It is said to have crossed the space now occupied by 
the Stanislaus Canyon just below Abbys Ferry. From southwest of 
Columbia at all events the flow may be traced, with minor interrup­
tions, to a little east of Knights Ferry, at the edge of the San Joaquin 
Valley. The old river gm.vel under the lava has been extensively 
mined in all that portion of the channel that is in the Sonora area. 

1 Auriferous Gravels, p. 41. As may be seen by referring- to Geology of California, Vol. I, p. 261, 
Robinson's Ferry is the ferry across tho Stanislaus south of Carson Hill, antl here the belt of slate 
referred to crosses the river. Hohinsons Ferry is in the southwest corner of the Big Trees area. 

• Geology of California, V o).l, p. 243. 
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There are larger masses of Neocene river gravel on the ridge just 
south of the Tuolumne l{iver, between Groveland and Colfax. Gate. 
Some of the masses known as the Dorsey mines have been extensively 
hydraulicked. South of Hamilton's ranch on the west side of Mo.ore 
Creek is a long narrow area of gravel which Mr. Ransome traced nearly 
continuously for 2 miles or more. The elevation of this channel is 
less than that of the larger channel of the Dorsey mines. Three and 
a half miles northeast of Colfax Gate are some bodies of gravel which 
may have been deposited by the same river as that which deposited 
the Dorsey mines gravel. There are some patches of river gravel and 
scattered pebbles on the flat. at the head of Corral Creek, but no well-
defined channel was found. · 

NEOCENE GULF DEPOSITS. 

In the southwest part of the area of the sheet there are extensive hills 
·made up of andesitic gravel and sand, with some pumice-like layers. 
These deposits were doubtless formed at about the same time as the 
andesite-tuffs, or probably in Pliocene time. Underlying the dark series 
containing the andesitic sediment are _light-colored sandstones and 
clays, which are presumed to represent the Ione formation (probably 
Miocene). The series is finely exposed on the north .side of the Tuol­
umne Hiver opposite and northwest of Lagrange, and at various points 
between Lagrange and the Merced lliver. At most of these places 
there are none of the later andesitic sediments overlying the supposed 
lone beds, but a little west of a line joining Lagrange and Merced Falls 
the andesitic beds overlie the light-colored series. As a rule the 
lone sandstones of the area are not found at a greater elevation than 
400 feet, while the known Tejon (to be noted later) is from 500 to 700 
feet in elevation. 

'l'EJON FORMATION (EOCENE). 

On the south side of the Merced River opposite Merced Falls is a 
very noticeable flat-topped sandstone hill, the sandstone and conglom­
erate layers resting nearly horizontally on slates of the Mariposa forma­
tion. Just southwest of the main hill is a little flat-topped butte made 
up of the same sandstone. Ilere several years ago Mr. James E. Mills, 
of Quincy, Cal., colle(lted in the sandstone some fossil shells which he 
referred to Prof. J. P. Smith, of Stanford, who reported them to be 
Oardita planioosta Lamarck, a characteristic Eocene fossil. 

In 1895 the writer visited the locality and obtained some of the fos­
sils, concerning which Dr. Dall states: 
. They prove to be much crushed specimens of Venericardia hm·nii Gabb, planicoBta 

Lam. var., and indicate for the rock in which they occur an age corresponding to 
the Claibornian (Middle Eocene). 

AURIFEROUS SLA 'l'E SERIES. 

What may be regarded as the oldest sedimentary series consists of a 
wide belt of quartzites and mica-schists which form the high eminence 
known as Duckwall Mountain and'Mouut Lewis and extend Houtherly 
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and westerly to the horizon of the Sonora limestone belt. This lime­
stone belt appears to be the same as that at Hites Cove, in Mariposa 
County, for there is a series of limestone lenses nearly in a line extend 
ing from Sonora to Hites Cove. .As Carbonifierous fossils have been 
found in the Hites Cove limestone, it is assumed that the entire belt is 
of that age, and the siliceous rocks lying to theeast and north of this 
belt are regarded as an older series. .At Sonora a nearly inclosed 
protrusion of the large granite mass of the Sierra has cut off this sili­
ceous series, the granite being practically in contact with the limestone 
belt. This inclosed granitic area in its form of occurrence is remarkably 
similar to the area at West Point, shown in the Jackson folio, which 
likewise cuts through a similar highly siliceous series reaching down to 
the same limestone belt. .A remarkable feature in the limestone mass 
south of this granite area, where it strikes nearly east and west, con­
formably with the strike of the granite contact, is the existence of 
fingerlike (as seen in horizontal projection on the geologic map) pro­
trusions of limestone into the schists along the Tuolumne River, these 
protrusions diverging perceptibly. The manner of the divergence of 
these layers of limestone from a large, solid mass into the schists may 
be compared, as to form of occurrence, with dikes extending into the 
surrounding rocks from an igneous massive. In the case in question 
the present position of the limestone layers can 110t be explained by 
faulting, for the limestone ·dips and strikes with the sedimentary 
schists, the dip being chiefly to the north at an angle of more than ,r;oo, 
and if the beds were placed in their original horizontal position thes'e 
limestone layers would be superimposed, one directly over another. 

Northeast of Carter post-office, on the west slope of theN orth Tuol­
umne, are gneissoidal rocks containing some layers made up of 
wollastonite and garnet very similar to the supposed .Archean gneisses 
of the Big Trees area. There are some similar gneissoidal rocks in the 
bed of the Middle Tuolumne, upstream from the mouth of Reed Creek. 

The district west and southwest of Sonora has been chiefly investi­
gated by Mr. F. L. Ransome. 1 The rocks are highly compressed and 
contain large amounts of igneous material. 

There are here rich gold mines, part of the .Mother lode belt, which 
extends thence southeast across the area of the sheet. To the west of 
the belt of Mariposa slates which lies along the Mother lode are exten­
sive masses of augitic lavas and tuff's of presumably Juratrias age. 
To tbe west of this greenstone belt is a narrow belt of clay-slates and 
sandstone, from 1 to 2 miles to the west of which is another large area 
of tuffs, more acid than that west of the Mother lode, and this is suc­
ceeded by a third belt f)f slates, which are presumed to belong to the 
Mariposa formation. The middle belt of clay-slate and sandstone 
appears to strike into that belt of the Mariposa formation which may 

1 Mr. Ransome mapped also the entire western border of the area and a s~rip across the middle in an 

east. west direction. 
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be seen at Salt Spring Valley iu the Jackson area, and which crosses 
the Stanislaus just west of Byrnes Ferry bridge. In the southeast 
extension of this belt, in the neighborhood of Hornitos, are ltighly 
altered schists which appear to be of the same age, and are perhaps to 
be regarded as the result of contact metamorphism produced by a 
basic igneous rock, some of which is a typical diabase, of which there 
are numerous areas in this vicinity. However, the case is not a clear 
one, there being no very extensive masses of the diabase, but rather 
very abundant dikes and irregular intrusions,_ and as nearly the entire 
mass of the schists to the northeast of Hornitos is !fiOre or less thor­
oughly crystalline, their present metamorphic condition is ascribed 
with some reservation to the intrusion of the basic rocks, the largest 
area of which is about 3 miles in length and half a mile in width. 

On Cotton Creek, in the belt of sediments just described, is a lens of 
limestone, some of which has been used to make lime. 

At the mouth of Sullivan Creek the l\fariposa slates are finely exposed, 
and in places are much sheared· and folded, which is quite unusual with 
the slates of that formation. 
A very evident cleavage cut­
ting the bedding planes was 
noted. The original lines of 
bedding are very distinctly 
shown by their sandy layers in 
the slate or shale. On ac­
count of the much fractured 
condition of the shale it was 
difficult to obtain a specimen 
showing this ph en om en Oil l FIG. 21.-Piece of Mariposa slate showing slaty cleav. 

age cutting the sedimentation planes. 
but a sketch by Mr. Hidgway 
of the specimen obtaiued illustrates the structure fairly well. This 
sketch is reproduced in fi;r. 21. The somewhat lenticular sandy layer 
at the base of the specimen and a few faint parallel streaks in the 
upper vortion show the lines of original bedding. The slaty cleavage 
shown by the fine lines cutt,ing the bedding·planes at an angle seems 
not to have been noticeably developed in the lower sanely layer. 

The zones of shearing are shown in fig. 22, which is from a sketch 
of a hand specimen. In this the planes of bedding are parallel to the 
flat surface of the specimen, and the zones of shearing cut directly 
across the original bedding. 

On the west side of Woods Creek, at the mouth of Sullivan Creek, 
is a conglomerate stratum in the Mariposa beds. This contains peb­
bles of white and blue quartzite or vein quartz, of ordinary quartzite, 
of devitrified pre-Cretaceous andesites showing flow structure in the 
groundmass, of granite-porphyry-like rocks much sheared, containing 
muscovite, and . of black siliceous argillite. This may perhaps be 
regarded as a basal conglomerate. 



662 GEOLOGY Ol<' THE SIERRA NEVADA. 

The following notes on the .Auriferous slate series are by Mr. Ransome: 
"Some difficulty was experienced in separating the area of Calaveras 

slates to the west of Tuttletown in the extreme north west corner of the 
sheet from the Mariposa slates adjoining them on the west. The line 
as drawn is somewhat arbitrary, but fairly defines the boundary between 
slates of somewhat heterogeneous character on the east and the ordi. 
nary uniform clay-slates of the Mariposa formation on the west. Some 
small lenses of limestone containing round crinoid stems were consid­
ered as indicating that this eastern portion belonged to the Calaveras 
formation. 

"The eastern belt of the Mariposa formation consists chiefly of dark 
clay-slates, but contains also a good deal of fine gray sandstone, usu­
ally in rather thin beds, intercalated with the slates. The existence of 
these sandstone beds permits the observation to be made that with very 
rare local exceptions the slaty cleavage is parallel with the original bed­
ding. The sandstones themselves usually show a marked fissihty par-

FIG. 22.-Specimen of Mariposa slate showing planes of shearing. 

allel with their bedding planes. The prevailing dip of the slates and 
sandstones is northeasterly at considerable angles, but on Woods Creek, 
near Jacksonville, a distinct anticlinal structure is discernible, the beds 
on the eastern side of the creek dipping to the east, while those on the 
west dip westerly. In general, however, the closely compressed beds, 
with no:tth.west-southeast strike and steep northeasterly dips, do not 
allow the recognition of anticlinal or synclinal structures. 

"On the east side of the Pena Blanca Ridge, about 4 miles northeast 
. of Coulterville, the belt of slates is cut in two by an area of serpentine 
at a point where the latter comes in contact with the great mass of 
augite-porphyrite which makes up the Pena Blanca Ridge. This is the 
only interruption to the otherwise continuous belt of Mariposa slates 
extending diagonally across the sheet. It is possible, however, that at 
this point a very narrow strip of the slates may b~ concealed beneath 
the loose fragments of augite-porphyrite, thus preserving the actual 
continuity of the belt-a possibility that is indicated upon the map. 
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"The great quartz veins making up the famous Mother lode follow in 
a general way this eastern belt of Mariposa slates, but within the area 
assigned to the writer they lie usually just to the east of the. belt, fre­
quently separated from it by serpentine or some other intrusive or 
igneous rock." 

PRE-CRETACEOUS INTRUSIVE IGNEOUS ROCKS • 

. QUARTZ-PYROXENE-DIORI'l'E. 

The large granitic area in which are the mines of the Soulsbyville 
district is not a true granite or a typical granodiorite. Much of the 
area contains pyroxene and grades over into rocks some of which may 
be monzonite, which is an augite-syenite rich in plagioclase. Some of 
them may be called pyroxene-diorites, the pyroxene being both augite 
and hypersthene. In nearly all of them more or less quartz is present. 
To the east of the Phcenix reservoir is a very basic mass, probably a 
gabbro, the relation of which to the quartz-pyroxene-diorite was not 
determined, except that the t'vo masses are in contact. There are 
very numerous dikes of diorite-porphyry in these granitoid rocks, 
analyses of two of which, Nos. 935 and 938, may be found in the table 
of lliorite family analyses in Chapter III. 

In the table of analyses of quartz-diorites may be found an analysis 
(No. 936 S. N.) of the quartz-bearing pyroxene-diorite from a little 
south of the road to Soulsbyville, about 1~ miles southeast of Sonora, 
at which point Nos. 935 and 938 were also collected. 

AUGITE-SYENIT~~. 

North of Carter post-office, on Turnback Creek, was collected a 
specimen of a peculiar dike rock, which the microscope shows to be 
an augite-syenite (No. 950 S. N.). This is the second dike of this rock 
found by the writer, the other being No. 284, from near 'Indian Valley, 
in the Downieville area. · 

SODA-FELDSPAR DIKES. 

Forming numerous dikes along the belt of quartz mines of the Mother 
lode are white rocks which at some points contain quartz and musco­
vite, but which at many points are made up chiefly of feldspar. The 
microscope and chemical analyses show that the feldspar is chiefly 
albitP-, and they therefore belong to the soda group of syenitic rocks. 
Dikes rich in soda-feldspar have been found to be directly associated 
with gold deposits in Eldorado Connty,1 and it was therefore of inter­
est to note a similar association in the. Sonora area. In the dikes in 
Eldorado County the dike material itself, or altered portions of it, with 
infiltrated quartz, forms the lode in which the gold and sulphides are 
found. Certain evidence of gold occurring directly in the dikes in the 
Sonora area was not obtained, but at a number of points the dike 
material had evidently been regarded as ore, though the absence of 
the miners prevented the obtaining of detailed information. 

I A.m. Jour. Sci., Vol. XLVII, 1894, p. 470. 
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· Along the Bachelor gold vein, on the north bank of the Tuolumne 
River, 2 miles southeast of Jackson ville, are several soda-feldspar dikes, 
which are in part penetrated by secondary quartz veinlets, and con­
tain. dolomite and iron disulphide. Directly west is the vein of the 
gold mine, concerning the value of which the writer has :no informa­
tion. The property is as yet quite undeveloped. The vein lies at the 
contact of a body of serpentine on the west and a body of clay-slate or 
schist, probably of Carboniferous age, on the east. The slates dip N. 
30 E., at an angle of about 65:J. The vein itself is composed of white 
quartz, dolomite, and mariposite, a micaceous mineral often of 'a bright­
green color. Just east of the vein, in the clay-schists, within a width of 
30 feet, are the dikes referred to, six or eight in number. These usually 
run parallel with the strike of the schists, but at two points they cut 
across the schistosity. Such a series of dikes might be called a multi­
ple dike, following Lawson,r as it is reasonably certain that at some 
depth below the surface they all come together. The dikes vary from 
2 inches to 2 feet in width. Quartz veinlets, one with a convoluted 
course, cut both the schists and the dikes. Between the dikes and the 
ledge is a broken-up mass of the dikerock, of a reddish-brown color, 
penetrated by quartz veinlets and seams of dolomite, and apparently 
in a fair way to form a quartz vein, like that immediately west, if the 
alteration should go further. This mass seemed a friction breccia, and 
would indicate movement and faulting along the vein. A microscopic 
examination of this breccia showed it to be made up of fragments of 
the dike rock, cemented by dolomite and quartz. Throughout the rock, 
as well as in the dikes just east, are scattered iron snlphurets ( FeS 2), 

in minute specks. The brown color is due to abundantly disseminated 
limonite. The microscope shows the dike rock, where not replaced by 
silica and dolomite, to be composed almost entirely of interlocking 
grains of feldspar, with some larger twinned feldspars, all the feldspars 
containing numerous grains of carbonate. They are, in fact, identical 
as to composition with other similar dikes, which may be seen along 
the Mother lode, a mile to the northwest, or about a mile due east of 
Jacksonville, and to the east· of Moccasin Creek, on the south side 
of the river. 

The dike to the east of Moccasin Creek also contains, at several 
points, numerous quartz veinlets. In the bed of Moccasin Creek, at its 
month, is a large cropping of white granitoid rock. This is the north 
end of the Moccasin Creek dike, which extends thence nearly or quite 
continuously southeasterly for about 2z miles. It crosses the road to 
Groveland about one-third of a mile east of the bridge over Moccasin 
Creek. Except at the north end, it lies entirely to the east of the 
creek, gradually increasing in altitude and in distance from the creek 
to the southeast. This dike was first noted by the writer in 1886, but 
no investigation was made as to its nature. It is mentioned by H. W. 

'Aw. Geologist, Vol. XIJ,I, p. 293. 
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Fairbanl's in a paper on the Mother lode,1 but was called by l1im a 
granite dike, which rock, indeed, it resembles to the naked eye, and, as 
noted above, the north end of the dike is· a soda-granite or aplite, as 
the terms ·are used by Rosen busch; or a soda-granulite according to 
Michel-Levy. Specimens of this dike were collected at a number of 
points .. The granitoid portion at the north end contains a good' deal 
of quartz, and may be called a soda-granulite or aplite. It is composed 
of quartz, muscovite, and albite or sorla feldspar. An analysis of this 
soda-granulite is given in the table of analyses of the syenite family in 
Chapter VI (No. 1523 S. N.). By far the larger part of the dike, how­
ever, is made np of albite feldspar only, and is mostly finer grained than 
the granitoid rock at the north end. It may be designated a soda­
syenite ( albitite)-porphyry. Thin sections from different portions of the 
dike show a somewhat different structure and composition, but the 
variation is small. The porphyry is made up chiefly of interlocking 
grains and prisms of albite, often untwinned, and in some sections there 
are definite phenocrysts of polysynthetically twinned feldspar (probably 
likewise albite) developed. H.ather abundant in some specimens is an 
olive-green mineral, in grains and prisms. The extinction i8 sensibly 
parallel to the prism, and the interference colors are bright. But one 
cross section showing beyond doubt the nature of the cleavage was 
found. In this section the two sets of prismatic cleavages intersect at 
nearly right angles. The mineral is presumed to be mgirite. These 
dikes, therefore, Rhow some analogy to certain dikes in Norway, 
described by Brogger, and called by him siilvsbergite. The variety 
found near Lougenthal 2 is composed chiefly of albite; but contains also 
microcline, hornblende (katoforite and some arfvedsonite ), regirite, traces 
of biotite and quartz, accessoryapatite and zircon, and occasional minute 
grains of a perovskite-like mineral. In the Norwegian dikes also the 
feldspars have a tabular habit. PI. XLIII, A, is a photomicrograph of 
~ thin section of No. 46 Tuolumne Co., which is from the same dike 
here dcseribed, the specimens being taken near where the dike crosses 
theroad to Groveland. Pl. XLIII, B, shows another photomicrograph 
of another portion of the same section, taken without the analyzer and 
showing radiating tuffs of delicate blue hornblende needles in the 
porphyry. 

Dikes of syenite-porphyry were also noted in some siliceous argitlite 
. or thin-bedded quartzite of presumably Paleozoic age to the north of 

the Merced River. One of these dikes, about 9 miles southeast of 
Coulterville, in a much decomposed condition, can be traced for a mile 
or more with a strike to the west of north. The soft, decomposed dike 
material has apparently been ;l>nriferous, as numerous cuts have been 
made in it, and claims located. As this particular dike was not inves­
tigated chemically or optically, it is quite possible that it contains some 

'Tenth Ann. Rept. State Min. California, p. 45. 
2 W. ().BrUgger, Dio Gesteine der Grorndit-Tinguait-sorie, Christiania, 1894, p. 76. 
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free quartz and is more nearly related to No. 1639 than to the soda­
syenite porphyry of Moccasin Creek. · 

In the canyon of the Merced, on the steep west bank of the river just 
downstream from the mouth of the North Fork, are from fifteen .to 
twenty white dikes from 6 inches to 6 feet in width. These dikes are 
nearly vertical, following the dip of the schists (75° E.), but at other 
points they cut the latter at a slight angle. This group of dikes may 
be also called a multiple dike. A thin section from a similar dike, 
probably a continuation of one branch of the multiple dike, taken just 
opposite on the east side of the river (No. 1639), shows a few twinnt'd 
needles of a pale-brown hornblende and numerous idiomorphic pheno­
crysts of plagioclase in a microcrystalline granular groundmass of 
feldspar, muscovite, and probably quartz, for the silica coutent (71.88 
per cent) is too high for all the silica to be in the constituents men­
tioned. In the table of albite analyses given in Dana's Manual of 
Mineralogy, 69 per cent is the highest amount given, and it is therefore 
evident that if a no more basic element than albite were present the 
silica percentage could scarce1y reach the amount found by Mr. Steiger 
in the rock. Nevertheless, no quartz was certainly microscopically 
determined in the rock. The feldspar phenocrysts are, many of them, 
twinned on the albite law, giving symmetrical extinctions on the trace 
of the twinning plane (010) of from 6.5o to 21 o, the average angle of nine 
crystals. measured being 13°; none were detected showing certainly 
albite aud Carlsbad twinning combined, so that the new method of 
Michel-Levy 1 for determining feldspars could not be applied. From the 
lime percentage of the rock (2.03 per cent), and from the general tend­
ency of the more basic feldspars to crystallize first, and the apparent 
formation of epidote directly from the feldspar phenocrysts, it is pre­
sumed that they are near a:~.desine in composition. The rock may be 
provisionally called a soda-granite-porphyry. 

Along the borders of the serpentine area from 6 to 7 miles southeast 
of Coulterville are several Roda-syenite dikes. Some of them follow 
quite closely the contact of the serpentine and the adjoining rock, 
which, to the east of the serpentine, is a greenstone, an altered augite­
andesite tuff, and to the south is the same belt of siliceous P~leo,;oic( ?) 
argillite or quartzite before noted. One of these dikes apparently forms 
the lode of a gold deposit (No. 1555), as it had evidently been mined. 
It is greatly alter(ld in places, containing much quartz, calcite or dolo- . 
mite, and sulphurets. 

There were some dil;:es in the greenstone itself. One of these shows 
the same pale hornblende needles found in No. 1639, and in a fresher 
condition. 

Between the serpentine body above noted and the area of siliceous 
Paleozoic rocks is a white dike, 50 feet in width at one point, where it 
is crosRed by the road from Buckhorn Mountain to a point opposite the 

1 ~tude sur Ia determination des f'eldspaths, 1894, p. 33. 
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old Benton mill on the Merced River. This dike, in following the 
contact, makes an S-shaped curve. 

Some of the syenite-porphyry dikes are also to be seen near the vein 
of the Red Bank gold-quartz mine, on the north side of the Merced 
River about halfway between Benton mill and Split Rock ferry. 

Analyses of soda-feldspar dikes. 

No.1521 S.N. No.1522 S.N. No.l523 S.N. No.1639S.N. 

Per cent. Per cent. Per cent. Per ceilt. 

Silica .....•.... :. 67.53 66.81 69.66 71.88 

Lime ............. . 55 1. 03 . 1. 45 2.03 

Potassa .... , ..... .10 .. 07 2.85 1. 80 

Soda ............. 
1 

11.50 11. 18 4.49 5.81 

The analyses of 1521, 1522, and 1523 are by Dr. Stokes, ana of 1639 by Dr. Steiger. 

DIABASE. 

under this head the writer desires to can attention to a dark, basic 
rock which 'occurs as dikes and bosses to the northeast of Hornitos, 
chiefly in a sedimentary area of black schists. Au analysis of one of 
these dikes (No. 446) is given in the description of the Merced-Mariposa 
district. 

These dikes are true diabases, and more basic than the rocks described 
by Mr. Ransome under the beau of "Diabase and porphyrite." More­
over, the Hornitos diabase is later than the diabase and porphyrite or 
greenstone series, for it cuts that series in distinct dikes. 

The following descriptions of quartz-mica-diorite, quartz-porphyry, 
hornblende-porphyrite, gabbro, pyroxenite, and periuotite, in the Sonora 
area, were written by Mr. Ransome,. as also was the description of 
diabase and porphyrite, excepting the introductory note on the grave­
stone slates, and refer to areas in the district mapped by him. 

QUARTZ·MICA·DIORITE. 

''This rock occurs in several isolated areas of irregular sh~pe, and 
generally of inconsiderable extent as compared with the porphyrites and 
serpentine. In general, the rock of these smaller masses has a some­
what different character from the typical granodiorite which occurs 
over large areas in other portions of the district, particularly in the 
northeast. It is characterized by its richness in hornblende, the ~carcity 
or absence of macroscopic quartz, and the absence of recognizable 
orthoclase. Biotite is very rare, while it is abundant in the typical 
granodiorite. All the specimens examined under the microscope show 
a more or less advanced stage of decomposition. The feldspars are 
chariged into fine-grained aggregates of secondary products, or some­
times show remnants of plagioclase lamellre. Secondary quartz is 
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abundant, and epidote is particularly common.1 Apatite and titanite 
occur as accessory minerals, particularly the former, included in the 
hornblende crystals. The prevailing decomposition renders any accn· 
rate determination of the rocks difficult, but they would seem to be in 
the main quartz-diorites; with frequent more basic dioritic facies, and 
with little or no ortl10clase or biotite. 

"All the quartz-diorite in the area may be regarded as intrusive and 
of later age than the inclosing sedimentary and volcanic rocks. Its 
various facies are probably more basic peripheral portions of the larger 
batholitic mass of granodiorite which may underlie a part of the Sierra 
Nevada, and which is exposed over wide areas to the east of the Sonora 
sheet, the greater basicity being due to the differentiation of an origi­
nally homogeneous magma, complicated perhap& by a certain amount 
of fusion and assimilation of tbe invaded rocks. 

"Excepting the area east of Sonora, the largest single mass of quartz­
diorite is that lying between Coulterville and Big Oak Flat, nearly m 
the middle of the district. Tbis is usually a rather dark rock, of mod­
erate coarseness, showing abundant hornblende, dull-white feldspars, 
quartz, and usually chlorite and epidote. 'fhe feldspars are generally 
completely altered into clouded aggregates composed largely of a nearly 
colorless epidote or zoisi~e and scales of white mica. Apatite is some­
times a very abundant microscopic constituent, especially as inclusions 
in the hornblende crystals. On the east fork of Moccasin Creek, 3 
miles due south of Big Oak Flat, a facies occurs which contains no 
horublende, but is made up of feldspar, quartz, and small nests of epi­
dote grains. The microscope shows that the rock l1as been subjected 
to much secondary action. The feldspars, where they are not com­
pletely broken down, are plagioclase. 

"On Rattlesnake Creek, a little to the northwest of the above locality, 
the rock is a qnartz-diorite, which, by secondary alterations and the 
acquirement of a schistose structure, appears to pass locally into an 
amphibolite-schist. 

''The very irregular area just west of Indian Bar shows some varia­
tions, but in the main is a basic-looking, dioritic rock with abundant 
dark-green hornblende, frequently in idiomorphic crystals, dull feld­
spars: and some quartz. 

"The microscope shows only occasional remnants of plagioclase and 
a prevailing abundance of epidote. Idiomorphic cross sections of 
hornblende are frequent. This rock is intrusive on the east into a fine­
grained green rock, which is evidently a somewhat altered member of 
the diabase series, and will be described under the latter bead. The 
association of the two rocks is so intimate at times that it becomes 
necessary to sep~trate them by a more or less arbitrary line. 

'A colorless mineral with the same habit and appearance as the epidote is abundant in some sec­
tions. It has a low cloublo refraction, polarizing in deep blue-gray tints. It was supposed at first 
to be zoisite, but there seem to be gradations between it and the ordinary epidote; and it may be 
merely a colorless epidote. The crystal form is not well shown. 
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"'rhe granodiorite of t.he area about 2 miles east of Don Pedro Bar 
resembles closely that just described. 

"The most interesting area of granodiorite within the writer's portion 
of the sheet is that at Don Pedro Bar, where the intrusion has not only 
metamorphose<! the adjacent clay-slates but has effected a marked dis­
placement of the invaded rocks. 'rhe intrusive rock varies from a 
quartz-diorite, made up of hornblende, a predominating soda-lime feld­
spar, an<l quartz, to a quartz-mica-diorite with the addition of biotite, 
and resembles more closely the typical granodiorite of the Sierra Nevada 
than any other rock in the area. The feldspar ( oligoelase ~) occurs in 
semiporphyritic crystals more than a centimeter in length. 

"Another isolated mass of granodiorite lies about 2~ miles east of 
Don Pedro Bar. The rock of this area appears to be a quartz-mica­
diorite, with partially idiomorphic hornblendes. The biotite has been 
completely altered into pseudomorphs of chlorite and epidote. Some 
plagioclase still remains recognizable. 

"Other small areas occur within the sedimentary rocks of the Cala­
veras formation to the east of the middle portion of the sheet. · 

''In general, the rocks of these areas may be characterized as dark 
basic diorites with abundant dark-green hornblende and little or no 
·original quartz. The feJdspars have generally disappeared, and their 
place is taken by secondary aggregates of epidote (or zoisite), white 
mica, and quartz. 

QUARTZ-PORPHYRin<} A.."'D QUARTZ-PORPHYRY. 

"Quartz-porphyrite will be described as forming a subordinate portion 
of the large diabase and porphyrite areas, in which case it is at least 
in part fragmental. But it also occurs in various portions of the area 
as dikes in the sedimentary series and in the older volcanic rocks. 
Such dikes are particularly abundant around the granodiorite area of 
Don Pedro Bar, cutting the inclosing clay-slates and fragmental por­
phyrites. Similar <likes also occur cutting the rocks of the Calaveras 
formation in the neighborhood of Hobron Mill. In these latter dikes 
the feldspars are generally decomposed, but appear to have been largely 
orthoclase, and the rock should perhaps be classed with the quartz­
porphyries. 

HORNBLENDJ;}-PORPHYRITE. 

"The only area of hornblende-porphyrite indicat~d upon the map 
occurs just west of Marshs Flat, on the south slope of Moccasin Peak, 
where it forms a small lenticular sheet within the augite-porphyrite 
series, and, like most of the latter, is of fragmental character. The 
rock is gray in color, with dark idiomorphic hornblende crystals dis­
seminated abundantly through it. The microscope shows, besides the 
idiomorphic green hornblendes, some decomposed phenocrysts of plagi­
oclase, lying in a compact crystalline grouudmass. 
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GABBRO. 

"This rock occurs only in small areas in the Sonora district and 
always in close connection with serpentine. The only area of sufficient 
Rize to be indicated on the map is that at Pen a Blanca, near the middle 
of the area of the sheet. It is generally a rock of moderately coarse 
grain showing dull, opaque feldspars and light-green diallage. Under 
the microscope the rock is usually seen to be badly decomposed; The 
feldspars are reduced to kaolin-like aggregates and the diallage is par­
tially cllanged to serpentine. 

URALI"n;- GABBRO. 

"The irregular area of rock thus indicated on the map west of the 
Rawhide serpentine area, and which extends southward under the 
basalt of Table Mountain, shows considerable variations and is gener­
ally too much decomposed to determine its original character. It is 
usually a fiue-gra,ined green rock, which under the microscope shows 
green hornblende, decomposed feldspars, and abundant _epidote and 
calcite. Quartz is sometimes present, and where it is original the rock 
seems to have been a quartz-diorite, but generally it appears to be 
secondary. At a point on the road about 2 miles southwest of James-· 
town a coarse facies of the rock is exposed, and is here made up of 

• large, irregularly bounded crystals of dark-green hornbleude and dull 
opaque feldspars. The microscope shows the latter to be completely 
kaolinized and all traces of twinning lamell::e lost. There is no quartz 
present. It is quite likely that the gabbro associated with the serpen­
tine to the west of Rawhide is directly connected with this uralite­
gabbro mass, as it was fotfnd impracticable to draw any definite line 
between them in the field. It is, moreover, possible that the entire 
area mapped as uralite-gabbro may not be a strict geological unit, but 
the general decomposed condition of the rock would render any further 
separation extremely tedious and unsatisfactory at best. 

PYROXENITE. 

UTypical p-yroxenite, i.e., a rock with granular structure, composed 
chiefly of pyroxene, was not noted within the area studied. About 3 
miles northeasterly from Coulterville, just north of the road to Dudley's, 
there is a small area of interesting ro(~k (No. 1174 S. N.) made up almost 
entirely of hornblende and augite. The hornblende forms conspicuous 
rounded crystals of dark-greenish color, lying in a gray-green granular 
matrix of augite and hornblende. On fresh fracture the larger horn­
blendes show brilliant cleavage faces, and are sharply separated from 
the finely grannlar matrix. The microscope· shows that the large horn­
blendes are pale-brown by trausmitted light, with rather faint pleo­
chroism, and' are full-of inclusions of the same colorless augite which 
makes up ruost of the groundmass. 
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"The hornblende in the groundmass frequently shows sharply idio­
morpbic cross sections, as do also the augites included in the porphyritic 
hornblende. A small amount of clear quartz was observed, filling spaces 
between the partly idiomorphic crystals of augite and hornblende. 

PERIDOTITE. 

"No areas of peridotite are indicated upon the geological map, but it 
occurs occasionally in slnall isolated masses or loose fragments in the 
large serpentine area west of Chinese Camp. A specimen (No. 1054 
S. N.) taken from a small outcrop iii the sei·pentine, about half a mile 
southwest of the latter town, is a dark gray-green, hea\'Y rock which 
the microscope shows to be a fresh granular aggregate of olivine and 
diallage, forming a wehrhte." 

PRE-CRETACEOUS EFFUSIVE IGNEOUS ROCKS. 

DIABASE AND PORPHYRITE (GREENSTONE s~;RIES). 

A very characteristic feature of the foothills of the Sierra Nevada, 
especially in the area of the Sonora, Oakdale, and Jackson sheets, are 
projecting slabs of slaty rocks, chiefly greenstones. These are often 
arranged in rows, and in open grassy spots remind the observer of 
rows of gravestones.· For this reason they are sometimes called grave­
stone slates. 

Pis. XXXI and XXXII, from photographs taken about 4 miles east 
of south from the Crimea House, will give the reader an idea of the 
general appearance of these slates, and of the vegetation of the foot­
hills. The tree shown in the picture is a species of white oak (Quercus 
douglasii).1 The brush in the distance is Oeanothus cuneatus. 

"The rocks included under the bead of diabase and porphyrite occur 
in long belts of irregular width, which are generally parallel with the 
belts of sedimentary rocks between wbich they lie. .A scbistose struc­
ture, in many cases determined probably by a rough original bedding, 
is not uncommon, and in such cases the superficial exposures show the 
usual steep easterly dip common to the sedimentary series, and project 
from the soil in long, parallel, ·comb-like outcrops stretching over hill 
and dale.2 Massive diabase is ra1;e in the region studied. The most 
common facies is a dark to light greenish augite-porphyrite, showing 
porphyritic crystals of dark augite lying in a very fine-grained ground­
mass. With a very few exceptions, aU of the rocks of the porphyrite 
series were erupted as surface flows, and particularly as coarse tuffs 
and breccias, which find their analogues in the andesitic breccias of 
Tertiary age which, now cap many of the higher ridges of the Sierra 
Nevada. They were on the whole probably more basic than the latter, 
and at the same time less uniform in character. Their clastic structure 

1 The writer is indebted to Professor Coville, of the Department of Agriculture, for t.he-detenui. 
natioll~. 

2 These are tile gravestone slates above uescribed.-H. W. T. 
\ 
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is generally easily recognized in the field, and the microscope shows 
that the porphyritic crystals of augite are frequently embedded in a 
fragmental groundmass of which the original eharacter is now largely 
obscured by secondary minerals, among which epidote and calcite are 
con spicuons. 

"The angitic porphyrites and the tuffs immediately associated with 
them have a wide distribution in the Sonora area. In a general way 
they form two broad parallel bands, extending diagonally across the 
western portion of the area of the sheet, and separated from each other 
by the narrow middle belt of slates and sandstones noted under .A ur·if­
erous slate series. 

"The eas.tern belt comes into the area of the sheet near the northwest 
corner, being probably a continuation of the Bear Mountain area of 
'the Jackson sheet, and passes out of it near the southeast corner. For 
practically the entire distance, it adjoins on the west the main or east­
ern belt of the Mariposa slates. Considerable variation exists within 
this mass. At its northern end, just north of Table Mountain, it is a 
typical augite-porphyrite, which is locally speckled with abundant 
grains of pyrite. South of Table Mountain and about Chinese Camp 
the rock is a decomposed and uralitized but fairly typical massive dia­
base with ophitic structure. Farther south the cluster of rugged hills 
dominated by Moccasin Peak and the almost equally mgged Pena 
Blanca Ridge are made up of the ordinary augite-porphyrite agglom­
erate of coarse tuff~ now consolidated into a tough rock of massive 
appearance. Irregular grains of quartz are fairly abundant in the 
augite-porphyrite 2 miles northwest of Pena Blanca, near the contact 
with the Mariposa slates. 

"Near· Indian Bar, in the western portion of the porphyrite belt, and 
extending over an area bounded on the west by the irregular mass of 
granodiorite and a narrow strip of the Calaveras formation, and on the 
east not always readily separated from the ordinary augite-porphyrite, 
there occurs a compact green rock in which the lens shows small gliR­
tening needles of gTeen hornblende. The microscope shows that it is 
a compact diabase or a basalt, which has been changed into an aggre­
gate of green hornblende needles and other secondary minerals. 

"The rock was evidently originally a somewhat glassy one, as the 
plagioclase l~ths, when their' form can still be recognized, show the 
forked and frayed ends characteristic of such rocks. This rock might 
be mapped as an amphibolite, but as it is not schistose, and is plainly 
only 11 uralitized portion of the diabase series, which could be separately 
delineated only with some difficulty, it has not been separated upon the 
geological map. 

"The volume of these augite-porphyrite tuffs is very great. In the 
wider portions the belt has a width of about 5 miles, and thus, allowing 
for a general easterly dip of 65°, which is less than that of the inclos­
ing sedimentary rocks, would give tlw enormous actual thickness of 4~ 
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miles. The nature of the material makes it impossible to be sure that 
there is uo folding or repetition of the single members of the series, 
but no indication of such duplication was observed in the field. Never­
theless, it seems hardly possible that 4rr miles can represent the original 
thickness of the accumulations. 

"'fhe large western area of porphyrite does not call for detailed 
description, as the rock resembles in a general way that of the area 
just described. The area may be characteri?:ed, however, as exhibiting 
a rather pronounced schistose structure, whereby the outcrops, although 
more massive, resemble somewhat those of the clay-slates. 

"~foreover, by the disappearance of the angitcs and an increasi.ng 
fineness of the tuffaceous material, with the addition of nonvolcanic 
detritus, these porphyrites appear to grade locally into the ordinary 
clay-slates of the Mariposa series. 

"Other smaller areas of porphyrite tuff occur in the area studied, 
intercalated with the rocks of the sedimentary series. Such a strip is 
that lying east of Don Pedro Bar. At the Tuolumne River this is a 
nearly white quart?:-porphyrite, but it appears to be in direct continu­
ation with the ordinary diabase tuff which lies west of the large ser­
pentine area near the Crimea House, and the two were not separated 
in the mapping. 

"Although the porphyrites have been described as being chiefly frag­
mental in origin, it is probable that igneous intrusions in the forms of 
sheets and dikes helped in building up these thick volcanic accumu­
lations, but they were certainly subordinate in volume to the purely 
effusive and clastic material." 

ALTERED IGNEOUS ROCKS. 

The following descriptions of amphibolite.schist and serpentine are 
by Mr. Ransome. 

A~IPHlHOLlTE-~CillST. 

"The greater part of the green schists on the Sonora sheet form an 
irregular belt lying just to the east of the main belt of the Mariposa 
slates, and very frequently separate those slates from the rocks of the 
Calaveras formation to the east. The chara~teristic mineral of these 
schists is a green fibrous hornblende, bnt quartz, in the form of a fine 
mosaic of interlockiug grains, plagioclase, feldspar, chlorite, epidote, 
biotite, white mica, and calcite, are all abundant constituents in vary­
ing proportions. Occasionally remnants of the augite and plagioclase 
of the original rock occur; for., like the similar rocks in the Jackson 
area, these amphibolite-schists were evidently derived from various 
forms of more or less basic igneous rocks. In the Sonora area the 
transformation has generally been complete enough to obliterate the 
structure of the original rock; but cases were noted in which an altered 
diorite passed by insensible gradations into an amphibolite-schist. This 

17 GEOL, P'l' I--43 
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is well seen on the road between Sonora and Campo Seco, near the 
eastern edge of the amphibolite-schist area. Although the typical 
facies of these schists is a dark-green, rather crumbling, fibrous rock, 
composed chiefly of slender prisms of green hornblende with some 
visible calcite and biotite, yet the macroscopic and microscopic varia­
tion is rather large, indicating their derivation from rocks of extensive 
range in chemical composition, and probably, also, of considerable orig­
inal structural variety. 

SERPENTINE. 

"As in the Jackson area, this rock is regarded as an alteration product 
of basic gabbros or of ultra basic igneous rocks of the peridotite family. 
No evidence was observed, however, of the association between the 
serpentine and the diabase and amphibolite noted on that sheet. In 
general the serpentine occurs in broad, well-defined areas of rather 
irregular shape, or as elongated dike-like masses of very varying width. 
By far the largest area of serpentine in the district is that lying to the 
west and south of Chinese Camp, having a wi-dth of 4 miles and a length 
within the boundaries of the sheet of 12 miles. 

"The usual rock of this area is a dark-urown serpentine, which forms 
rather rugged hills of a particularly uninviting aspect, being very 
sparsely covered with vegetation and weathering to a rusty-red color. 
Other portions of the mass, particularly near its periphery, weather to 
the greenish-graycolor usual with the serpentines of the Sierra Neva.da. 

"North of the Crimea House the serpentine is quite schistose, suffi­
ciently so to allow of good observations being taken for dip and strike. 
In general the rock of this a.rea appears to be completely changed to 
serpentine. A specimen taken about 1~ miles northeast of the Crimea 
House showed apparent remnants of a rhombic pyroxene under the 
microscope, while another specimen, taken from a small outcrop in 
the serpentine about one-half mile southwest of Chinese Camp, had the 
mineralogical composition of a wehrlite, and has already been referred 
to under "Peridotite." Loose pyroxenie bowlders also occur scattered 
over various portions of the serpentine area. The mapping would indi­
cate that the latter represents an originally intrusive mass of peridotite 
and related rocks. There is apparently little or no evidence of contact 
metamorphism about the peripl1ery of the mass, but the exposures are 
not particularly favorable to its detection. 

"Another considerable tract of serpentine is that near Rawhide, in 
the northwestern portion of the area of the sheet, an<l which continues 
southward under the basalt of Table Mountain, down to Sullivans 
Creek. The rock of this tract is chiefly a dark massive variety, show­
ing glistening cleavage faces of bastite. 

"Near the western edge of the tract the serpentine is intimately asso­
ciated with a rather decomposed gabbro, in a manner strongly o;uggest­
ing that the gabbro is a portion of the original mass of basic igneous 
rock from which the serpentine has been derived. A similar close 
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association of serpentine and gabbro occurs on the south side of Table 
Mountain, about a mile southeaat of Rawhide. 

"Another area of serpentine extends from a point a little northwest of 
Coulterville in a northwesterly direction past Pen a Blanca to Moccasin 
Creek. This area is merely a portion of an interrupted :,nd very irreg­
ular belt of serpentine which extends from a point 1 mile east of Jack­
sonville down to the southeast corner of the sheet, near Mount Bullion, 
and lies generally just east of the main belt of Mariposa slates. The 
serpentine area west of Rawhide is also directly in the lirie of this 
irregular belt, although separated by a longer interval than are any of 
the other detached portions. 

''The serpentine of Pena Blanca resembles that near Rawhide, being 
dark and massive, with large bastite cleavage faces. Here also it is 
closely associated with gabbro, a portion of the latter being mapped as 
a distinct area just east of the serpentine at Peria Blanca. 

"This serpentine area divides the otherwise continuous belt of Mari. 
posa slates into two portions about 2 miles northwest of the village 
of Pena Blanca. The great quartz veins of the Mother lode lie here 
wholly within the serpentine, and, by their resistance to weathering 
and erosion, have determined a series ~Jf little, sharply pointed spurs or 
knobs, upon whose summits the white quartz is revealed in conspicuous 
croppings. Small basic dikes are fairly abundant in the serpentine 
between Pena Blanca and Moccasin Creek, and were sometimes observed 
alongside the quartz veins. 

"They are generally rather decomposed, but a thin section of one of 
the fresher specimens showed a granular aggregate of augite, green, 
partly idiomorphic hornblende, abundant epidote, and some basic plagi­
oclase filling the interstices between the other minerals." 

ECONOMIC GEOLOGY. 

TH~~ GOLD-QUARTZ VEINS. 

The following items about the gold-quartz veins do not indicate all 
the districts where such veins occur. They are, in fact, found over 
nearly all th .... area. 

The most important veins of the Sonora area are those of the Mother 
lode. Many of these have been extensively worked in past times, as, 
for example, those on the Mariposa estate, to the south of the Merced 
River. Some of these old mines, particularly the Rawhide and the 
Cook claims near Coulterville, have been rather recently reopened on 
an extensive scale. The Mother lode, so well defined at Angels and 
Carson Hill, may be said to enter the area of the sheet to the west of 
Tuttletown. ·The old Patterson mine at Tuttletown may perhaps be 
regarded as lying to the east of the lode proper. This mine is, however, 
in the same belt of amphibolite-schist as that in which the famous mines 
at 4-ngels occur. The Rawhide mine is without doubt on the Mother 
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lode. This lies on the east border of a considerable serpentine area. 
There is much free gold in the ore, and the green mica, mariposite, is 
abundant. This mine baR produced a large amount in recent years. 

To the southeast of the Rawhide, tile Alabama, Crystalline, and other 
quartz veins connect the Rawhide with the Quartz Mountain mines, 
2 miles south of .Jamestown, wllere mining is also acth,ely going on. 
Except one mine northwest of .Jacksonville, there are no mines that 
are being extensively worked until we reach Coulterville. Mining was 
being actively carried on here in 1895 on several veins. The Red Bank 
mine, on the north side of the Merced, is the next one of importance to 
the southeast of Coulterville. On the south side of the Merced the 
Josephine, Ophir, and Princeton mines, on the Mariposa estate, are. 
now idle, but may be reopened. The above mines are all on the Mother 
lode belt. 

'rhe Golden Gate mine, just southwest of Sonora., is in amphibolite. 
schist, and the gold occurs in the sulphurets in a gangue of quartz with 
some calcite. 

In mica-schist on the east border of a granitic area just south of 
Carter post-office is the Eureka Consolidated mine, now producing, 
and to the south of this, also in ·schistose slate, is the Seminole. 

The New Albany vein, on the east side of the North Tuolumne, south­
east of Carter post-office, has a course N.10° W. and dips E. about 45o. 
The croppings arc in granite, but a few feet down slate comes in, form­
ing the footwall. The vein matter consists of white quartz and a 
greenish material, the vein being in places 20 feet thick. Some of the 
ore shows free gold, iron pyrite, zinc sulphide, and a lead sulphide. 

Farther southeast, on the ridge east of the North Tuolumne, are the 
Hunter and Buchanan mines, not now operating. The vein of the 
Buchanan mine strikes N. 80D E., or across the strike of the schists. It 
dips S. 45o. 

To the northeast of Hornitos quartz veins arc abundant, and some 
of these have been extensively worked-for example, theN umber Nine. 
The IIorseshoe mine, south of Hunters Valley, was being exploited in 
1895. There are also numerous pocket mines in this district, and near 
Chamisal. The Whitlock mines, to the east of the Mount Bullion ridge, 
are in greenstone, as is also the Yellowstone, about 1 mile west of Bear 
Valley. 

The course of the vein of the Yellowstone is S. 70° W. The ore occurs 
in the altered greenstone (augite-porphyrite), which is broken up along 
the vein and recemented with quartz and c~tlcite. A large specimen of 
the ore, presented to the National Museum by Mr. McDonald, who, in 
1893, had charge of the mine, shows spots of free gold at numerons 
points, associated with white quartz and calcite. According to Mr. Hall, 
the former owner, in the upper workings much of the gold occurred in 
calcite. 
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, Pocket mines are very numerous in Greenhorn Mountain ridge, which 
is made up of the same greenstone (an augitic lava or tuff) as at the 
Whitlock and Yellowstone. 

Large quartz veins, often with a flat dip, arc abundant in the green­
stone areas of the southwest part of the district, to the west of the Hor­
nitos belt of .black sedimentary schists. Most of these are said to be 
poor in gold. It is also said that most of the gold about Hornitos is of 
a low grade-that is to say, there is much silver, etc., mixed with it. 

The region about the town of Sonora is remadmble as containing a 
great number of pocket veins, or, in other words, veins in which there 
are spots rich in gold, with intervening spaces comparatively barren. 

The most remarkable pocket mine found is known as the Bonanza. 
It is in the north part of the town. The ore is found along a diorite 
dike that cuts the clay-slates. The gold occurs with quartz in the 
native state and in the form of a telluride. The pockets are said to 
occur with a certain regularity/ and to vary in richness from $4,000 
upward. The quartz occurs both on the top and vn the bottom, and 
sometimes in the middle of tlw dike, which dips at an angle of about 200. 

In the Soulsbyville granite area there are numerous veins that have 
been exploited. In nearly all cases the ores are rich in sulphides, 
copper and iron pyrite, pyrrhotite or magnetic iron pyrite, and zinc 
blende. They usually also contain a galena-like mineral giving blow­
pipe reactions for both lead and antimony. As a rule, therefore, they 
need a chlorine or other process to extract the gold. 
, Accompanying the vein. of the Black Oak and the Platt and Gilsen 
mines, there was noted at some points a black schistose material called 
slate by the miners. The microscope shows that this material is prac· 
tically au amphibolite-schist and probably represents a sheared diorite 
or .diorite-porphyry that has been intruded as dikes along the vein, 
similar to the dikes noted under that head. The course of the Black 

. Oak vein is about N. 7° W., dipping about 750 W. The vein is said to 
be frozen-that is, it is cemented to the granite walls, there being no 
clay or gouge along the walls. 

The Laura and North Star, south of Cherokee, arc also in granite, 
or, more strictly, quartz-diorite. The veins are 2 to 3 feet thick, as 
noted on the surface, and have free walls. The strike. of the veins is 
N. 540 W. 

The Callota is a cross vein at the north end of the Laura. 

CINNABAR. 

On the steep west slope of the ridge east of Horseshoe Bend is an 
interesting set of veins, and the writer is indebted to the owner, Mr. 
C. L. Mast, for specimens of the ore. The cmmtry rock is greenstone 
(an augitic tuff), which is here usually massive in character. · There are 

1 Twelfth A!ln. Tiept. State Mineralogist, p. 301. 
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two nearly parallel quartz veins, from 1 to 3 feet in width, which strike 
about N. 400 W. and dip 35° to the NE. The lower of these veins, 
called the Cabinet, is about .500 feet vertically above the gravel flat on 
the east side of the bend. The ore of this vein contains copper pyrite 
and a darker copper sulphide with nearly black streak, probably 
bornite. Both of these veins are auriferous. 

The upper vein is known as the Lookout and is about 200 feet verti­
cally above the Cabinet. Cutting these two white quartz veius at 
nearly right angles is a vein with approximately vertical dip, known 
as the Crystal vein, which contains cinnabar along little quartz vein· 
lets which cut the ordinary vein matter. Tbe mieroscope shows the 
latter to be made up chiefly of quartz grains with very abundant 
minute specks of a nearly colorless micaceous miueral With bright 
interference colors, giving the vein matter in haud specimens a turbid 
and greenish look. This micaceous mineral is probably talc. In thin 
section the vein matter resembles a quartzite. The cinnabar is in 
minute grains and crystals, but is also found in large crystals, some of 
them with a diameter of two.tenths of an inch. 

The oecurrence of cinnabar here was noted by Whitney,I and later 
by Becker.2 

That cmnabar is found in the Blue Wing vein north of Murphys has 
already been noted. This is likewise referred to by Whitney and 
Becker. The writer is Indebted to Mr. C. L. Mast for the information 
that cinnabar is also found at Marshs Flat; and for specimens of t4e 
ore, which is a decomposed fine-grained greenstone on which are dis­
tinct stains of cinnabar. It is not likely that any of these deposits of 
quicksilver ore will prove of economic value. 

MARIPOSITE. 

The green micaceous mineral so characteristic of thfl Mother lorle in 
Tuolumne and Mariposa counties, and which was called mariposite by· 
Silliman, occurs abundantly at the Josephine mine, near Bear Valley. 
Several specimens of this were o"Ltained in.1893, and submitted to Prof. 
F. W. Clarke fur analysis. Thin sections of the material were made, 
and these show that the mineral is micaceous, nearly colorless or sligbtly 
greenish with brilliant polarizing colors, resembling talc or sericite. 
There appears to be no perceptible pleochroism. The mineral is in 
the form of fibers and minute irregular foils with ragged edges, and 
extinguishes nearly or quite parallel to the longer axis of the fibers: 
Macroscopically, it is not all green, some of it being nearly white. 'l'wo 

'analyses by Dr. Hillebrand are appended, one o{ the green and the 
other of the white mineral. 

I Geology of California, Vol. I, p. 230. 
2 Quicksilver deposits of the Pacifio Slope: Mon. U.S. Geol. Survey, Vol. XIII, 1888, p. 383. 
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Analyses of mariposite (438 S. N. ). 

Green. 

Per cent. 

SiO,... . . . . . . . . . . . . . . . . . . . . . 55. ::!5 

TiO~ . . . . . . . . . . . • . . . . . . . . . . . .18 

Al,O, ........ '. . . . . . . . . . . . . . . 25. 62 

Cr,O,. . . . . . . . . . . . . . . . . . . . . . . . 18 

Fe,O:) . . . . . . . . . . . . . . . . . . . . . . . 63 

FcO.. . . . . . . . . . . . . . . . . . . . . . . . 92 

CaO . . . . . . . . . . . . . . . . . . . . . . . . 07 
MgO ...... · .... _______ . ..... :l. 25 

KoO... . . . . . . . . . . . . . . . . . . . . . 9. 29 

(Li Na),O a....... . . . . . . . . . . . 12 

H,O c .... ...•............ _ . . 4. 52 
:-----~--

__ 1_ lOO.t:=l I 

White. 

Per cent. 

56.79 

25.29 

None. 

1. 59 

Chrome 
muscovite. 

Per cent. 

46.17 

29.71 

3. 51 

2.03 

I 
.07 :----------

3. 29 1 2. 2s 

::~~ 1---~~~~~--
4. 731 5. 42 

100.84 99.52 
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a A very strong lithium reaction. bContaining some K,O. cNo water given off helow 300 C. 

The thin sect-ions show that there is carbonate, probably chiefly dolo­
mite, mixed with the mariposite. This with some carbonate of iron was 
extracted with acetic acid followed by warm dilute HOI, the mariposite 
substance remaining unattacked. Dr. Hillebrand calls attention to the 
resemblance of the mineral in composition to pinite, and states that no 
definite formula is deducible. He determined the specific gravity of 
tl1e green mineral to be 2.817 at 29.5° C., and that of the white mineral 
to be 2. 787 at 28.5° C. The occurrence of chromium in the green variety 
and not in the white suggests that to be the cause of the green color. 

' The analysis of the chrome muscovite is taken from Dana's Manual 
of Mineralogy, 1892, p. 619. The locality is Syersk, and the mrca is 
said to be green. Some of the analyses of pinite given by Dana do 
not di:fl'er much from the analysis of tlte chrome muscovite, but they 
do not indicate the presence of any chromium sesquioxide. 

Associated with mariposite at the Josephine mine and at Quartz 
Mountain in Tuolumne County, as well as many other points along the 
Mother lode, is a white mineral which at some })Oints appears to form 
veins in the mariposite. This is probably the mineral called ankerite 
by Silliman. An examination of this material by Dr. Hillebrand shows 
ti1at it is ordinary dolomite mixed with quartz, and not ankerite. In 
the Josephine mine, erythrite, a hydrous arsenate of cobalt, forms on 
surfaces and in seams of the rock adjoining the vein. According to 
the State mineralogist 1 of California, danaite (cobaltic arsenic sul­
phide) is also found in the vein matter. 

--------
'Tw~lfth Ann. lt~port, p.175. 

\. 
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THE OAKDALE AREA. 

This area, lying immediately west of the Sonora district, has not as 
yet been topographically mapped. The Auriferous slate series and the 
interbedded old lavas form the larger part of the northeast portion of 
tlw area, the main part of whrch lies in the San Joaquin Valley. These 
older rocks may be entirely Juratrias in age. Texas ranch, wbere Mr. 
C. D. Voy, and later others, 1 collected fossils characteristic of the Mari­
posa formation, is on the west side of a· branch of Angels Creek to 
the north of t.he Sonora and Copperopolis stage road. The slates in 
wllich the fossils occur are part of the same belt of the Mariposa for­
mation shown on the Sonora niap along Woods Creek, where it lies 
just west of the Mother lode. 

The belt of clay-slates supposed to belong to the Mariposa formation 
that crosses the Merced River at Merced Falls and the Tuolumne Hiver 
at La Grange strikes into the area of the Oakdale sheet, but has not 
been seen at any point in that area. These slates are probably con­
cealed under the Tertiary and later sediments of the San Joaquin 
Valley. 

West of Telegraph City, by the old stage road to Stockton, where a 
prominent point of the ridge south of Telegraph City known as Hog 
Hill bears about S. 66° E., is an area of a grauitoid rock (No. 71 Cal· 
averas). The microscope shows this to be a quartz-hornblende-diorite 
containing a little brown miea and iron ore. ln contact with the 
granitic area was collected a green schist which strikes 11early north 
and south and dips 65°. This is composed of recrystallized green horn­
blende, patches of a brown chloritic ( ?) mineral showing a sphernlitic 
structure, and gray patches made up chiefly of a quartz-feldspar mosaic. 
Iron oxide is abundant. · . 

Whituey2 notes a granitie area wllich he considers responsible for the 
altered condition of the rocks near Quail Hill. The altered rock 
referred to is called "calico rock," which appears to be a decomposed 
porphyry showing· brilliant colors, and presumably in a zone of solfa­
taric action. This "calico rock~' was at one time supposed to be rich 
in gold. Prof, Benjamin Silliman visited Quail Hill about 1867 and 
published some notes concerning it.3 

Near Telegraph City some copper deposits have been mined, and at 
Copperopolis the Reed copper lode ltas produced a large amount. The 
ore is copper pyrite and is said to contain some gold. West of Tele: 
graph City there are large amounts of a rusty iron-stained sandstone 
of Tertiary age. In addition to vVhitney and Silliman, Goodyear4 gives 
some brief notes on the geology of Copperopolis, Qttail Hill, and 
vicinity. 

'See Fourteenth Ann. Rept. U.S. Geol. Survey, Part II, 189J, pp. 453-454. 
2 Auriferous Uravels, p.l22. 
'Proc. Ca!ifomia A cad. Sci., VoL III, 1867, pp. ~87-3H9. 
4 Arn. Jour. Sci ... Vol. XL. 1868, pp. 92-95, an;l Proc. Califorma A cad. Sci.. Vol. III, pp. 349-351. 
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Large areas of the black basaltic-locking lava of the Tuolumne Table 
Mountain flow are to be seen north and south of the Stanislaus to the 
east of Knights Ferry. 

In the northeast part of the district are consid.erable bodies of serpen­
tine. The pre-Cretaceous rocks are, however, chwfly lavas and tuffs. 
Those of the northeast section.are more basic and contain more augite 
than elsewhere in the district ... At Knights Ferry bridge is a granitoid 
roek containing metasilicates in very small amount (No. 516 S. N. ). The 
feldspars are twinned 011 the albite law, and are either albite or andesine­
North of Knights Ferry is a very large area of an aeid hwa with porphy­
ritic quartzes. It is, in fact, an extension of the quartz-porphyrite 
area of the Gopher Rtdge (Jackson sheet) .. 

THE MERCED-MARIPOSA DISTRICT. 

The art'a so designated covers that part of Mariposa and Madera 
counties which will, when topographically l?Japped, form two atlas sheets 
lying just south of the Sonora and Yosemite districts. 

HOG-WALLOW J\10UNHS. 

Along the east side of the San Joaqui11 and Sacramento valleys, 
chiefly i11 the area of red soil and gravel called on the geologic maps 
early Pleistocene, there are often to be noted little mounds between 
which are depressions in some 'of which water stands after a rain, show­
iug that the depressions are little basins without any outlet. The little 
mounds are not confined to the level stretches, but are found on the 
slopes of the first low foothills. This is illustrated by Pl. XXXIII, which 
is from a photograph taken by the road from Snelling to Merced. The 
tops of the plateau-like ridges south of Snelling appear likewise to be 
dotted with the little mounds. They are usually less than 2 feet in 
elevation, often less than 1 foot, aud have a diameter of from 4 to 10 feet 
(approximately). Where sections of them had been made along the new 

'cuts in the road, it was evident that they are made of the same red soil 
mixed with pebbles that forms the interve11ing spac.es. 111 the depres­
sions there are often a number .of larger pebbles. A similar observa. 
tion as to kind of material composing the mounds was made by the road 
from Hornitos to Merced southwest of I11dian Gulch. The little mounds 
are abundant ou the hills south of Indian Guleh. These hills ·are com· 
posed of pre-Cretaceous schistose rocks, and the little mounds in this 
case appear to be made of the soil formed directly from the underlying 
rock. 

On the anclesite-breeeia area that covers the top of the ridge west of 
Corral Creek, in the northeast part of the Sonora area, may be noted 
little mounds a~out 3 feet in height and 15 feet in width. These are 
c~mposed of fine material without any of the coarse rubble of the 
ureccia. It is not likely that these have an origin similar to those in 
the lower foothills and on the plains. To one who has seen the little 
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mounds made by ground squirrels in the Coast Ranges the resemblance 
of the mounds shown in the illustration to the squirrel mounds will be 
at once apparent. In many cases squirrels are now living in these little 
mounds of the plains region and foothills of the Sierra Nevada, but 
many of them show no trace of former burrows. The surface of the 
mounds is sometimes quite bare, but usually it supports a growth of 
grass of the same character and about the same in amount as on the 
intervening· spaces, as may be seen in the illustration. There are no 
shrubs in the middle of the mounds and there is no evidence that there 
ever were any, around which the wind might have gradually collected 
soil. Moreover, as stated above, the mounds in the plains region are 
made up of the same sort of material as that forming the intervening 
spaces, neither coarser nor finer, with the exception of occasional 
groups of large pebbles, heretofore noted, which lie on the surface. 

While the evidence is not sufficient to warrant aRRigning to squirrels 
or other rodents the making of the hillocks, it is thought that this ori­
gin should be considered. That little hillocks are made by the drifting 
of sand about a clump of grass or brush has been often noted. Such 
little hillocks may be seen along the Central Pacific Railroad near the 
station of Desert, Nevada. Such mounds are also described by Dr. 
G. W. Barnes 1 as being found in San Diego County, ami that writer 
ascribes to the agency of vegetation and wind erosion the formation of 
mounds which appear to be similar to those here referred to, while 
recognizing that burrowing animals assist in enlarging the mounds in 
some cases. 

Professor Whitney, who published the first notice of the mounds 
which the writer has noted, states 2 that the ''hard clayey soil south of 
Kings River is thrown up into alternate hillocks and hollows, popularly 
known as 'hog wallows,' the origin of which is not easy to explain. 
They resemble the hillocks left by the gradual decay of trees uprooted 
by the wind in our eastern forests, and the d(\pressions between them 
contain water in the rainy season." 

Prof. Joseph Le Conte describes the so-called prairie mounds of 
Washington, and refers likewise to the "hog wallows" of California. 
Professor Le Conte states 3-

That his observations in eastern Oregon, where they occur in every variety of form, 
size, and regularity, and iu California, convince him that they are the result of sur­
face erosion under peculiar conditions; these conditions being ·a bare country and a 
drift soil more movable above and less movable below. Erosion removes the finer 
top soil, leaving it, however, in spots. Tho process once commenced, weeds, shrubs, 
and ferns take possession of these spots as the better soil, or sometimes as the drier 
soil, and hold them, and by their roots retard the erosion there. In some cases a 
departing vegetation-a vegetation gradually destroyed by an increasing dryness of 
climate-is an important condition. 

Certain it is that in all the treeless regions of California and Oregon that have not 
been touched by the plow, the same phenomenon may be observed to a less extent. 

'The hillocks or mound formations of San Diego, Cal.: Am. Naturalist., 1879, p. 565. 
2 Geology of California, Vol. I, p. 367. 
3 A. h:01tract in Proc. Califoi-nia .Aead. Sci., Vol. Y, p. ~19. 
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In California they are called "hog wallows.'' The hog wallows of California may 
be traced by insensible gradations into the larger mounds of eastern Oregon, and 
these, in their turn, into the more perfect mounds of Mound Prairie; they are all 
evidently due to the same cause. ·If the mounds of Mound Prairie were a unique 
phenomenon, we might resort to exceptional causes; but a ·phenomenon so wide­
spread must be due to a widespread agent. 

Some information as to the agricultural value of the '' hog·wallow" 
lands will be found in a report by Prof. E. A. Hilgard on the physical 
geography of the State of California.1 

As a rule, where seen by the writer, these lands are uncultivated. 
Their hummocky nature makes the plowing of them a difficult matter, 
and the soil as a rule is poor. 

TERTIARY SEDIMEN'l'S. 

The first consolidated rock seen in place by the road from Madera to 
· Daultons is a coarse reddish sandstone, with the same pearly kaolin· 

like scales as are found so abundantly in the sandstone of the lone 
formation in the Jackson area. Farther northeast, resting on mica­
andalusite-schist, some sandstone was noted consisting of angular 
quartz grains embedded in a whitish, opaque, clay like matrix very 
similar to some of the lone sandstone northeast of Camanche and at 
the base of the hill west of Jones Butte, near lone. 

Forming a, set of low, level-topped buttes along the edge of the foot­
hills to the southeast of Merced Falls is a sandstone formation very 
similar to that which just south of Merced Falls contains Eocene fos· 
sils. They are therefore presumed also to be of Eocene age. The 
sandstone of these hills is beautifully exposed. It was carefully 
examined at many points for fossils, but none were found. 

ln a paper on the Auriferous Gravels,2 attention was called to an 
interesting locality of vertebrate remains described by Professor Whit­
ney as being on a dry creek tributary to Bear Creek near the line of 
l\'lariposa anu Merced counties. A sea.rch was made for this locality, 
but no evidence of such remains was found. Professor Whitney later 
informed the writer that he himself had investigated this locality and 
had been unable to fmd it. 

TERTIARY VOLUANIC ROCKS. 

A.long the east side of the valley to the south of the Merced River 
is a plateau, the upper layers of whicb,.where examined, are composed 
of andesitic detritus mixed with ordinary sand. Some of the white 
underlying material may be of rhyolitic origin; at any rate the white 
material at the edge of the plains just west of Daultons in Madera County 
is rhyolite. Some information concerning the lava flows that form the 
top of the Millerton Table Mountain may be found in Blake's report.:! 

'Tenth Censns, Vol. VI, Part II, pp. 665-731, bottom pagination. 
2Am. Geologist, Vol. XV, p. 371. 
8 Pacific Hailroafl Report~, Vol. V. 
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'l'liE AURIFEROUS SLAl'E SERIES. 

To the student of the pre-Cretaceous rocks the Merced-Mariposa 
region is one of more than usual interest. The Auriferous slate series 
of the Gold Belt practically terminates in this region, being cut off by 
large granitic areas. The granite forms a large area south of the 
town of Mariposa, and it is in this region that the Mariposa slates ter­
minate, abutting directly against the granite. The area of greenstones 
which forms Mount Bullion and the ridge trending southeast ti·om 
there extends as a narrow tongue for an unknown distance southeast. 
It was observed by the writer on the North Fork of the Fresno River 
east of Grub Gulch, where the greenstones have been converted into 
amphibolite-schist. There is also at this point some mica-schist. In 
the line of strike of this belt of amphibolite-schist occur the mining 
camps of Fine Gold and Coarse Gold, which are said to be in or near 
schistose rocks, probably a continuation of the belt here noted. 

On the sonthwest part of the Sonora geologic map may be noted two 
belts of sedimentary rock, an eastern one, supposed to be of Carbon­
iferous age, which crosses the Merced River west of Horseshoe Bend, ' 
and a supposed Jurassic belt crossing the same river at Merced Falls. 
A belt of greenstone tuffs and schists separates the two slate belts 
above noted. These greenstones give out a little to the southeast 
of the Tres Cerritos, which are about 2 miles southwest of Indian 
Gulch, so that along Owens Creek the two belts of slates come together. 
This creek, rising in Cathay Valley and flowing southwesterly, makes 
a fine section of the Reries. 'l'he Mariposa slates at the mouth of the 
canyon of Owens Creek, or where it enters into the plains of the San 
Joaquin Valley, have been metamorphosed into chiastolite-schist by 
an intrusive granitoid rock. After passing through this metamorphic 
belt, going northeast, the slates are quite unaltered for a distance 
of perhaps 3 or 4 miles until the granitic area of Cathay Valley is 
approached, when another zone of contact-metamorphic rocks may be 
noted. 

The belt of chiastolite-schist noted as lying to the southwest of the 
Tres Cerritos and extending thence to Owens Creek pretty certainly 
continues southe;1st to the Chowchilla Hiver, for in that viduity there 
is a wide belt of these sehists which was followed by the writer as far 
south as the San Joaquin River, where it leaves the foothills and 
enters on the plains of San Joaquin. ·The belt of schist at Daultons 
is 2 miles wide, but on the Chowchilla River it has a width of 4 or 
more miles, the entire series being more or less thoroughly crystalline. 
In it are numerous dikes of a hornblende-diabase. In the neighbor­
hood of Daultons, as was first noted by Blake, 1 the square prisms of 
chiastolite, having a length sometimes of 2 inches, lie scattered over 
the ground and also form parts of a conglomerate of Tertiary age that 

I Pacific Hailroad Heports, Vol. V. 
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rests on the older rocks at points along -the foothills. In the vicinity 
of the Chowchilla Hiver there are numerous lenses of quartz in the 
chiastolite-schists, which, having resisted the weathering better than 
the surrounding rocks, now form the white tips of little conical buttes. 
Southwest of G!-'een Mountain these buttes are numerous, forming a 
peculiar landscape. 

The Tres Cerritos, southwest of Indian Gulch, are three sharp buttes 
which, like the little cones just mentioned, owe their prominence to the 
silicified character of the rock of which they are composed. The 
original material of the buttes appears to have been diabase and green-

. stone slate with some clay-slate, and has been subjected to silicifica­
tion, and is apparently also in a zone of solfataric action. The southeast 
butte, which was examined with the most care, is composed chiefly of 
greenstone-schist with layers of vein quartz, associated with which is 
pyrophyllite in considerable masses, crystallized in beautiful stellate 
forms. The much decomposed and rusty schists in the creek at its 
base strike about GOO west of north and di·p at au angle of soo, and at 
a point about due west of the butte they are covered with an efflores­
cence of hydrated sodium and magnesium sulphates, with a little 
chloride, and with calcium sulphate in the interior, as determined by 
Dr. Stokes from samples brought from there. 

Forming part of the same altered mass as that in which the pyrophyl­
lite occurs is a light-colored, medium-grained quartzite-like rock which 
the microscope shows to be made up chiefly of grains of quartz and a 
positive uniaxial mineral of greater relief than the quartz, extinguish­
ing parallel to the cleavage and having bright interference colors. Dr. 
Hillebrand made a chemical examination of this rock and found that it 
gives off water on heating, and also S03 (S02 also~). H2S04 deeom­
poses it, and the filtrate shows mueh alumina and alkali, both sodium 
and potassium. The mineral is therefore a sulphate of alumina and 
alkali, as there is practically nothing m the rock but quartz and the 
sulphate. Its chemical composition and optieal properties make it 
probable that the mineral is alunite, which is uniaxial and positive. 
Since alunite occur& in solfataric zones, its presence with the pyro­
phyllite at the Tres Cerritos is not strange. It has not been previously 
found in California, so far as known to the writer. Exeept in the age 
and exaet nature of the original roeks concerned, the Tres Cerritos 
quartz-alunite rock appears to be very similar to a quartz-alunite rock 
forming Democrat Hill and the rugged erest of Mount Robinson in the 
Rosita Hills, 1 Colorado. 

The zone of contaet-metamorphic schists noted on Owens Creek in 
the Mariposa slates is continued northwest and is crossed by the road 
from Indian Gulch to Merced a mile southwest of the Tres Cerritos. 
The. andalusite crystals are beautifully developed and form typical 
specimens of the contact-metamorphic roek . 

. 1"'hitman qross: Proc. Colorado Sci. Soc., 1890, p. 277. 
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On account of the striking character of the contact phenomena at 
many points in the district, an examination was made of one locality, 
which is herewith appended under a special beading. 

CONT.A.C'l' METAMORPIUSM. 

By contact metamorphism is meant those alterations in a rock mass 
that take place aloug the border of au intrusive rock in consequence 
of the heat and mineralizing solutions whose origin is due to the intru­
sive rock. In the metamorphic zone new minerals have been formed, 
chiefly by the recrystallization of the material of the rock that is 
metamorphosed. · 

This phenomenon has been noted in many parts of the world, and 
careful investigations have shown beyond all reasonable doubt that 
the formation of these minerals took place after the intrusion of the 
igneous magma and as a result of it. 

The investigations of Hawes 1 have, indeed, made it certain that in 
one instance there has been an addition of boric acid to the schists 
from the mineralizing solutions, resulting in the formation of abundant 
tourmalines in the zone nearest the granite. nosenbusch,Z in a very 
thorough inveRtigation of contact phenomena, J,wwever, found that at 
the locality which he studied the new minerals developed were almost 
wholly due to the recrystallization of the material of the schists. 

In the descriptions of the hornblende series of the Bid well Bar area 
the recrystallization of the uralitic greenstones of the Forbestown 
ridge was indicated as the result of contact metamorphism. Contact­
metamorphic zones have been- also iwted in the ciay-slates southwest 
of Indian Gulch, at Burns Creek where it enters the San Joaquin 
Valley, at the head of Owens Creek southwest of Cathay Valley, and 
in the broad belt of mica and chiastolite schh;t extending south frorri the 
Chowchilla River to the San Joaquin. It is quite probable that in no 
other part of the world are contact phenomena more plainly exhibited 
or so easily studied as in Mariposa County. The rocks are, as a rule, 
finely exposed, particularly along the creeks, and on the ridges south of 
Owens Creek as well. Another locality where contact metamorphism is 
well displayed is in Yaqui Gulch, about 2 miles southwest of the town 
of Mariposa. These schists are part of a zone of contact-metamorphic 
rocks at the south end of a long belt of Mariposa slates which extend 
from Colfax, in Placer County, to Yaqui Gulch, a distance of about 
130 miles. To the west of Placerville thrs belt of slates is in contact 
with an area of fine-grained porphyritic granite, and, according to 
Mr. W. Lindgren, does not seem to be greatly altered; but the contact 
was examined hastily. Only at its south end is this slate belt in con­
tact with any large area of an intrusive granular rock of a granitoid 
nature, and at no other point are the slates so highly altered. 

I Am. Jour. ScL, Vol. XXI, Jl. 21. 
• Die Steiger-Scheifer, Strasburg, j877. 
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The area is not, in this vicinity at least, connected with the great 
granite mass of the Sierra Nevada, a narrow projecting tongue of 
greenstone and mica-schists separating it; but it is of large size and 
extends at least as far southeast as the San Joaquin River, a distance 
of 35 miles, having an average width of 12 or more miles. This gra­
nitic rock is not at the conta~t a true granite, as may be seen from the 
analysis, and, indeed, this is true of most of the area. The fine-grained 
granite from the quarry at Raymond is more nearly a normal granite 
in composition, but the writer is unable to say whether this is a fair 
average of the granite of the interior of the area. The analysis of No. 
369 is from the west edge of the area on the Chowchilla River, and its 
chemical composition may differ from that of the average of the area 
as a result of magma differentiation, which is in some way related to 
the contact of' the schist series. It is not thought, however, that there 
is any relation between this basic facies of the area and endomorphic 
contact metamorphism; that is to say, it is not thought that there has 
been any transfer, at least of any of the constituents represented in 
the ~artial analyses, from the schist mass to the granite • 

.Analyses of the Raymond gmnitc area. 

I No. 369, Chow- No. 372, Ray-1- cbilla River. mond quarry. 

I Silica .. .. .. .. .. .. .. .. .. .. .. .. .. .. Per ;;t~2 Per7;~~4 I 
Lime............................. 5. 49 2. 55 

Potassa .. .. .. .. .. .. .. .. .. .. .. .. .. 1. 76 . ~· ~: I 
'---s_o_da_. _-._._· _ .. _._· _ .. _._· _ .. _. _ .. _._· _ .. _._ .. _-_-_ .. _,___ __ s ___ 49-'-----~ 

In Yaqui Gulch, near the eruptive rock, the Mariposa_ schists have 
been irregularly displaced, and their relation to the granite is not a 
perfectly simple one, so that the study of the details of the metamor­
phism is not so satisfactory as it would otherwise be. 

The general course of the line of contact between the granite and 
the schists is very nearly east and west. The rocks at or near the 
granite are much obscured by soil. 'The specimen collected nearest to 
the granite is a rather coarse-grained andalnsite-hornfels (No. 852 S. N.). 
This was taken on the east side of Yaqui Gulch (in reality at the 
mouth of the gulch proper, or where it opens into the valley of Agua 
Fria Creek), at a point about !&,500 feet north of the main contact of 
the granite area. This hornfels is presumed to have been originaay a 
sandstone. The expression "main granite contact" is used for the rea­
son that a small mass of granite, doubtless an apophysis of the main 
area, occurs on the west side of the stream bed, not far from opposite to 
the point where specimen 852 was collected. The contact of the granite 
and the schists is probably not a vertical one. Moreover, the gran­
ite area just north of Yaqui Creek swerves to the northwest. 
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About 1,300 feet upstream from No. 852, or about 3,800 feet from the 
main granite area, the schists are well exposed in the bed of the stream. 
Here was collected a knotted mica-schist, No. 432. The strike of the 
schistosity is here about N. 160 E., the dip being 70° to the east. The 
planes of schistosity and bedding here coincide. The beds thus lie 
nearly at right angles to the course of the main granite contact; a few 
feet south of this point, however, the schists dip irregularly and are 
at points contorted. 

At a point perhaps 500 feet north of No. 432 the strike of the schists 
is about the same, being N. 20° E.-, but the dip is in the opposite direc­
tion, or to the west~ the angle being 60° from horizontal. 

A few hundred feet still fartller north, or approximately 5,000 feet 
from the main granite contact, there is a marked change in the strike 
of the schists, their course being about N. 300 W., the average dip 
being 600 to the east. This may be said to be the normal strike and 
dip of the t;;late belt, although local variations are common. The dip 
is, however, nearly always more than 50°, and often vertical, and the 
strike is almost always between north and northwest. 

Specimen 433 is a micaceous schist, and was taken at about the point 
where the general strike of the beds changes to the west of north. 
Chiastolite-schist was found at various points within a distance of about 
1,200 feet in that part of the Yaqui Gulch where the strike of the beds 
is to the east of north, or in a zone from 3,800 to 5,000 feet from the main 
granite area. The chiastolite-schist occurs in layers interbedded with 
mica-schists like No. 433. Often these layers are but 2 to 6 inches in 
thickness. It is thus evident that their formation depends largely on the 
original composition of the layers. Those containing the larger percent­
age of argillaceous matter appear to develop into chiastolite-schists, and 
the more sandy layers into micaceous schists. This would of course be 
expected of a· mineral like chiastolite, which is a nearly pure silicate of 
alumina, to which is added certain impurities, which are usually aggre­
gated at the center or arranged more or less zonally, and often also in 
diagonal lines extending to the prism edges. Some of the cl!iastolite­
schist collected near specimen 432 contains distinct impressions of 
A ucella erringtoni 1 or one of the closely allied varieties, described by 
Professor Hyatt. This fossil is characteristic of the Mariposa slates, 
which are said to be of Jurassic age by Professor Hyatt, Professor 
Smith, of Stanford University, and others, confirming the original 
determination by Meek. It is thus evident that the granitoid rocks 
which have effected the metamorphism of the clay-slates are of late 
Jurassic or post-Jurassic age. 

More than 5,000 feet away from the granite the Mariposa beds are no 
longer greatly metamorphosed. They are no longer schists, but clay­
slates;though they sti11 show some effects of the metamorphic action of 
the granite by the presence of very abundant minute prisms. Specimen 

I This discovery was made by James Storrs. 
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No. 855, showing these prisms, was taken from near the head of 
Yaqui Gulch more than a mile from the granite. Some of the clay­
slates at this point, l1mvever, showed no prisms whatm·er, even when 
examined microscopically. The metamorphic action of the igneous mass 
appears to have ceased at a distance of perhaps H,500 feet from the 
contact. In regard to the distances here given, it should be stated that 
they are all approximate. Some. of them were measured by pacing, 
others only estimated. A contour map has not as yet been made of this 
region, which lies directly south of the Sonora area. 

Fig. B of PI. XXXV represents a hand specimen of the chiastolite­
schist in which the chiastolite prisms are weathered to a light color, 
and hence are in strong contrast with the dark-brown matrix in which 
they lie. This was obtained at the same point as 431 S. N., which difi'ers 
from the specimen figured merely in being fresh. 

Chiastolite-schist (No. 431 S. N.). 

Locality: Yaqui Gulch, 2 miles southwest of the town of Mariposa and about 3,800 
feet north of the main granite contact. 

Macroscopically, when fresh, a hard, black, fine-grained schistose rock, with very 
abundant minute points with a silvery retlection and slender prisms which 
are sq nare in cross section. These prisms are sometimes an inch in length, but 
usually shorter. In weathered specimens a dark center can be seen in some of 
the cross sections of the prisms. 

Microscopically, when seen without the analyzer, the chiastolite-schist shows a fine­
grained, dark groundmass composed of minute clear grains, many of them 
rounded, abundant minute black particles, and reddish-brown mica scales 
arranged in more or less nearly p::trallellines, giving t.he schistose structure to 
the rock. In this grouudmass are long, clear prisms which are square iu cross 
section, and minute clear prisms which are nearly of a size, having a width of 
2f100 mm. aucl a length of about 2/10 rum. Many of these lie at an angle 
to the plano of schistosity, suggesting their formation after the schistose 
structure of the rock hafl been formed. The large prisms with square cross 
sections are cbiaRtolite, and are from 1 to 2 mm. in diameter. The dark cross 
which distinguishes chiastolite from a11dalusite is feebly developed in 
many of the prisms, and consists of lines of minute black granules extend­
ing from tho center to tho prism ellges, bisecting the prism angles. The 
minute black particles are presumed to be carbonaceous. By rcfie'cted light 
they show a metallic luster on some surfaces, so that they are Pljobably 
graphite. Some of the rock was powderefl and washed. A black dust that 
collectecl ou the water was found to be consumed when placed on a platinmn 
spatula in a flame at a high temperature. The powder is therefore carbon, 
and without (}onbt represents the black particles seen under the microscope. 
The minute clear prisms seen iu 1iatnral light probably represent the silvery 
points observecl m~tcroscopimtlly. These are silliwauite. ·with crossed nicols 
the~' extinguish parallel to the •lirection of elongation and show interference 
colors, rea.ehiug to blue of tl1e second order. The axis of least elas.ticity was 
determined to lie parallel to the vertical axis or the direction of elongation of 
the prism. This, with the brighter interference colors, is an easy and accurate 
methorl of distinguishing sillimanite from andalnsite or chiastolite. The clear 
crogs sections of the chiastolite crystals show the two prismatic cleavages 
intersected nearly at right angles. In the cross sectio.us the extinction is 
diagonal, bisecting the lHism angles and the intersections of the cleavage 

17 GEOL, PT I--44 
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lines. In longitudinal sections the two cleavages are indicated b;y: parallel 
lines and the extinction is parallel to tho cleavage. The outer edge of even 
the freshest chiastolite crystals is altered to a fibrous colorless aggregate, 
which, according to Rosen busch, may be a mixture of sericite and kaolin, and 
occasionally irregular cracks extending into the crystals arc sometimes filled 
with this same decomposed product. The fibers of the decomposition rim 
usually stand approximately normal to the prism planes. The particles of the 
gronndmass to a certain extent exhibit a tendency to flow around the chiasto­
Hto crystals-that is to s:ty, they are arranged in lines roughly parallel to the 
sides of the prism. This is best seen in tho cross sections, an<l may be taken 
to indicate that the schists were in a plastic condition after the crystals were 
formed. A few minute veinlets cut the section, filled with a clear mineral in 

· little grains, which is apparently quartz. The powdered rock was tested for 
magnetite, but only a few grains were found. 

No. 4.33 S. N., taken in Yaqui Gulch about 5,000 feet from the granite 
·contact, shows macroscopically very abundant minute silvery points. 
When examined by the microscope these silvery points proved to be 
minute prisms of both sillimanite and andalusite, the sillimanite being 
identical with the smaller prisms developed in the chiastolite-schist, 
No. 431. There are also abundant minute seales of a reddish-brown 
biotite, often grouped about the sillimanite prisms. 

No. 434 S. N., taken about 67000 feet from the granite contact, is a 
black clay-slate, with abundant minute dark prisms. These prisms 
undoubtedly represent original andalusite or sillimanite, but are all 
altered to a fibrous aggregate similar to that surrounding the fresh 
chiastolite prisms in No. 431. 

No. 855 S. N., taken in Yaqui Gulch about 6,500 feet from the granite 
contact, is a fissile clay-slate similar to No. 434. Microscopically the 
rock presents a confused appearance, there being no definite crystals 
of any kind whatsoever developed. The minute needles seen micro­
scopically are, in all cases examined, altered to a fibrous aggregate. 
Abundantly disseminated through the rock is a very finely divided 
black pigment, presumably carbonaceous. Some of the clay-slates 
taken at the same point as No. 855 show no prisms whatsoever. 

Where the granite is in contact with the augite-tuff series along 
Stockton north of Mormon Bar, they show the effects of conta<it-meta­
morphism in the formation of acicular hornblende which can be noted 
with a hand lens, and a narrow tongue of greenstone west of Sevastopol 
has been altered into a gneissoidal hornblendic rock, very similar to the 
recrystallized greenstone No. 518, of the Forbestown ridge in the Bid­
well Bar area: 

On the Chowchilla River, at the conta(ft with the granite area of 
Raymond and Mormon Bar, the sedimentary rock looks so gneissoidal 
that a specimen of it was collected to determine what alteration it had 
undergone, or, if possible, whether it was not a gneiss formed from the 
detritus from the granite, in which case, of course, the granite would 
be older than the gneissoid rock. The evidence, however, is in the 
other direction. The granite, or more correctly the quartz-mica-diorite, 
is represented by No. 369 S. N., analysis of which is given below. The 
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rock contains plagioclase, quartz, biotite, some hornblende, and ortho­
clase, and is not noticeably different from quartz-mica-diorites of other 
portions of the range. 

The gneissoidal schist (No. 368 S. N.) is largely quartz with much 
turbid feldspar and with both biotite and muscovite. An analysis of 
this also is given. Directly west of the gneissoidal quartz-schist is a 
belt of hard mica-schist containing little rose-colored garnets, immedi­
ately west of which is the mica-andalusite-schist belt in which occur 
the Buchanan and Ne Plus Ultra mines. A specimen of the mica­
andalusite-schist (No. 365 S. N.), taken 500 feet west of the granite con­
tact, was also analyzed. It will be noted that both No. 368 and No. 365 
contain carbon, probably in the form of graphite. 

Analyses of granites and schists. 

No. 369 
S.N., 

quartz­
mica­

diorite. 

No. 399 No. 400 
--~---1 S.N., S.N., 

No. 368 No. 365 m::~i¥:.g- hornfels. 
S.N. S.N. 

Schists. 

1------------1---- ---------- ----

Per cent. Percent. Percent. Per cent. Per cent. 

SiO. --------------·------ 62.62 70.40 64.28 73.18 68.27 
Ti02 ..................... .55 .51 . 65 . 25 .57 
Al203 ........... - ..... -... 17.51 14.70 17.28 13.66 14.03 

Fe.o" -------------- ·----· . 49 .65 1.10 .21 .46 

FeO .......... ------------ 4.06 a2.57 a5.34 2.24 4.68 
MnO ...................... .05 .08 .09 .07 . 04 
CaO .............................. 5.49 1. 63 1.19 2.10 3.89 
SrO ...... : ......... ______ Trace. Trace. Trace. Trace. Trace. 

BaO --------------· ------ Trace. .09 .10 .10 .08 
MgO ....... ----.---- ...... 2.84 1.47 2.57 .93 2.23 

K20.~-- .... -------- ...... 1. 76 3.46 2.93 2.72 2.35 
N20 ---- .... ____ ---------- 3.49 3.17 . 91 3.70 2.29 

Li20 ... ------------ ...... Trace. Trace. Strong Trace. Trace. 

trace. 
H20 below 110° C -------· .22 .19 .20 .10 .08 
H.O above 110° C -------- . 92 .91 2.72 . 57 .98 

P20• --------- ·----------- .12 .05 .27 .09 .21 

co.-···--·-··-----····-·· -------- ------- ·------ .17 ---------
Carbon from organic mat-

,.,_(l<aphiM ......... -~::···~ _ _:"_~ ................. ! 
Total . ___ .. ____ .. ___ . 100. 12 100. 03 100. 06 100. 09 100. 16 

a Dr. Hillebrand, who made the above analyses, states that the FeO in No. 365 and No. 368 is perhaps 
too high, owing to the reducing action of carbonaceous matter on solution with HFI and H 2S04 , and 
titration by K Mn04 • Tho Fo20 3 in that case would be correspondingly low. 

The fine-grained soda-granite referred to later is finely exposed in the 
bed of Agua Fria Creek 3 miles sonth of Mount Bullion post-office. At 
this point it is in contact with the Mariposa formation, which here 
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forms the east bank of the stream. The fine-grained granite i::; here a 
micropegmatite containing brown mica, andis more l>asic than in the 
interior of the area, where the soda content is much higher. 

No. 399 in the table of analyses given above represents the micro­
pegmatite, and the soda-granite from the interior of the area is repre­
sented by au analysis (No. 413) given in. the table of the granite family 
in Chapter VI. The contact of the fine-grained granite with the Mari­
posa formation is sharp, but the Mariposa beds are not highly altered. 
However, they are rendered hard and flinty, and contain reddish-brown 
mica. The clastic nature of the rock is very evident in sections. At the 
contact of the two rocks a green dike (No. 403) cuts both the fine granite 
and the Mariposa beds. This dike· appears to be a variolite. In the 
centm of it is a band of spherulites, which shows plainly on the weath­
ered rock. The microscope shows that these spherulites are composed of 
radial or brush-like feldspar with numerous minute specks of mica. At 
the edges of the dike the spherulitic structure does not seem to be 
developed. 

Although not greatly altered near the contact, the Mariposa rocks 
are so flinty in texture that they may b.e called hornfels. They are 
light-gray in color, and their sedimentary nature is not certainly evident 
in the field. About one-fourth mile above the point where the speci­
mens just noted were collected, Agua Fria Creek, as one goes up­
stream, bends sharply to the right in an easterly direction, cutting 
across the strike "of the Mariposa slates. Near the contact the light­
gray hornfels dips about 35° to the northeast. A few hundred feet to 
the east the dip is about 45°, and just west of the old mining camp of 
Agna Fria, J;IOW represented only by the ruins of a f~w stone lJOuses, 
the dip is about 70°. The strike of the beds in the entire section is 
about N. 40° W. 'rhe former town of Agua Fria was located on Agua 
Fria Creek, about 2 miles south of Mount Bullion post-office. An 
analysis of the hornfels from the contact of the fine-grained granite 
and the Mariposa beds on Agua Fria Creek (No. 400 S. N.) is given in 
the above table. The comparatively unaltered condition of this rock 
at the contact contrasts sharply with the highly altered condition of 
the hornfels and chiastolite-schists in Yaqui Gulch, about 1~ miles to the 
southeast. The difference is to be explained chiefly by the character 
of the two granites, one being a thoroughly granular rock and the 
other a micropegmatite, which may be presumed to have crystallized 
under different conditions from the Yaqui Gulch granitoid rock, result­
ing in less intense mineralizing solutions being formed. 

1'1IE GRANULAR IGNEOUS ROCKS. 

SODA-GRANITE. 

To the southwest of the town of Mariposa, in the drainage of Agua 
Fria Creek, is a large mass of a white, fine-grained, granitic rock, which 
is probably of a different age from the coarser quartz-mica-diorite or 
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granodiorite mass that joins it on the east. Analyses of two samples 
of this granite (Nos. 398 and 413 S. N.) may be fo·und in the table of 
granite analyses, which show that it is a granite rich in soda-feldspar 
and of very different composition from the quartz-mica-diorite. The 
contact between the two granitoid rocks was examined with some care 
on Agua Fria Creek, but the evidence was not conclusive as to their 
relative age. To the west of t.he soda-granite here noted are consider­
able masses of a basic igneous rock, chiefly a diabase, and along the 
contact, in and southeast of Cathay Valley, a contaet breccia has been 
formed, making a zone a mile or more in width, eomposed of fragments 
of the diabase, cemented by a matrix of the soda-granite. No such 
wide zone of contact breccia has been noted by the writer at any other 
point in the range. 

QUARTZ-MICA-DIORITE. 

Nearly all tl1e so-called granite in soutb'ern Mariposa and Madera 
counties is, as indicated nuder contact metamorphism, of the grano­
diorite or quartz-mica diorite type. This is true of at least a portion of 
the area lying south of the town of Mariposa and of the larger area in 
the Mariposa district, which is part of the same area as that of Yosemite 
Valley. A complete analysis of a quartz-mica-diorite (No. 369 S. N.) 
from the Chowchilla River will be found in the table of analyses of the 
quartz-diorite family and under the beading "Contact metamorphism." 

DIATIASE. 

The sanie diabase that forms numerous dikes and areas in the schists 
northeast of Hornitos is fomid in still larger areas, particularly on 
Schultz Mountain and west of Cathay Valley. This is the most typical 
diabase known to the writer in the Sierra Nevada. It is a dark, heavy 
rock, of a diabase-granular or ophitic structure, and'made up of labra­
dOI·ite and other feldspars, iron ore, and sometimes biotite. It is later 
than the slates and greenstone schists south aud northeast of Hornitos, 
for it cuts them in dikes. It is earlier than at least the fine-grained 
soda-granulite, for it is intruded by that rock. The diabase-granular 
structure of one of them (No. 415 S. N.) is represented by photomicro­
graph Pl. XLV, B. Dikes of this rock were noted by Reyer 1 in the 
neighborhood of Hornitos and called by him dark diorittY, which, indeed, 
it is at times, according to the old definition of diorite, for it sometimes 
contains brown hornblende to the exclusion of augite; 
~outh of Cathay Valley may be noted a prominent cone known as 

Cathay Hill. About 2,000 feet; southeast of Cathay Hill, in a direction 
S. 54° E., is another similar cone, perhaps 50 feet lower. The rock of 
the last-mentioned cone is a fine-grained, flinty, dark rock, which in the 
:field was supposed to represent a peculiar facies of the dark diabase 
which forms extensive areas about Cath~y Hill. An analysis of this 

I Neues Jahrbuch fiir Mineral., Beilage Band IV, I•· 294. 
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rock (No. 416), given below, indicates, however, that it is more nearly 
allied to the peridotites than to the diabases in chemical· composition. 
But a microsection of the rock shows nothing that could be identified 
as serpentine or olivine. The material is in such fine granules that its 
nature has not yet been determined. No. 446, of which an analysis is 
also given, is a fair representative of the diabase of the section, and 
is a typical diabase in structure and composition. This is from a dike 
northeast of Hornitos. 

LlnalyBe8 of diabaseB. 

[Analyst, Hillebrand.] 

No.416 S.N. 

Per cent. 
~--1-

Si02 ......................... . 47.75 
TiO" ............. : .......... . .37 
Ah03-~-- .................... . 10.56 
Fe,O, ....................... . . 74 
FeO ......................... . 8.34 
MnO ........................ . .10 
CaO ........................ . 9.62 
SrO ......................... . Trace. 

llaO .......•................. None. 

MgO ........................ . 19.09 
K20 ......................... . .12 
N20 ......................... . 1. 32 
Li,O ........................ . Trace. 

H20 below 110° C ............ . .05 
H20 above 110° C ............ . 2.06 
P205 ........................ . . 03 
Cr20a ...•.................... .24 

.07 

Total ................. . 100.46 

N•«o&N., 
Per cent. 

51.32 
1.23 

15.28 
.47 

8.59 
.16 

11.58 
Faiut trace. 

None. 

7.25 
.22 

2.92 
Faint trace. 

.06 

. 95 

.25 . 

····--------·· 
------------·-

100.28 L
·o ....................... . 

--------------~------

ECONOMIC GEOLOGY. 

GOLD GRAVELS. 

As in other sections, the Pleistocene gravels along the streams have 
been and are being mined for gold. Scarcely a trace, however, remains, 
as far as known to the writer, of the former Tertiary river system of 
the district, unless there are river grayels underlying the Millerton 
Table Mountain. J11dging from Blake's description, 1 the sediments 
underlying the lava that caps this mountain are of Tertiary age and 
were deposited by the waters that filled the San Joaquin Valley at that 
time, and not by a river. 

• Pacific Railroad reports, Vol. V. 
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GOLD-QUAltTZ ~JINgS, 

The so-called Mother lode terminates near the town' of Mariposa, and 
a study of the m.ines in that vicinity. will bring out much of interest; 
In the company of Mr. Ludwig, who is associated with the management 
of the Mariposa estate, the writer visited some of the mines of the 
neighborhood. 

The Princetou mine, which produced much gold many years ago, is 
part of a long vein having a strike about N. 50° W. and dipping north­
east. The north portion of the Princeton lode is in the Sonora area. 

Five hundred feet west of the Princeton lode is the Ludwig vein, 
having the same strike and dipping 60° to the northeast. The latter 
vein is but partly developed and contains rich ore. The vein is in black 
slate and varies from 3 to G feet in thickness. 

South of Princeton, or Mount Bullion post-office, as it is now known, 
is the McElligot claim, striking aboutN. Goow. and dipping 600.to the 
north. This vein is in hard clay-slate and from 3 to 4 feet in thickness. 
All of the quartz veins noted here are in the Mariposa formation. 
Much information concerning the mines of the vicinity may be found 
in the report by H. W. Fairbanks. 1 

One curiom; deposit of small extent was seen in serpentine along a 
streak of talc-schist, near the west border of the large serpentine belt 
that extends from near Princeton to Mariposa, forming the high ridge 
just west of the latter town. The exact locality is 1~ miles a little 
south of east from Priuceton. The deposit consists, besides the talc, 
of white dolomite looking precisely like that associated with mariposite 
at the Josephiue mine near Bear Valley, pyrite, and a black mineral, 
the latter occurring in plates with lustrous surfaces in the dolomite. 
This black mineral was determined by Dr. W. F. Hillebrand to be 
titanic iron ore (ilmenite). The gold occurs native in the talc-schist, 
and the pyrite and ilmenite are also saved for reduction. The writer's 
notes make no mention of quartz 1n this veiu. 

It has been previouRly noted that lens-shaped masses of quartz are 
very frequent in the schists near the Chowchilla IU,-er" and to the south 
and southeast of Daulton's. In most cases this quartz has not been 
found to contain enongh gold to be of economic interest. 

Along or in the tongue of mica-schist that extencls southeast from 
the Mount Bullion rillge, as heretofore noted, gold veins have been 
exploited with varying success. At Sevastopol is a quartz mine in 
mica-schists, which strike north and south and dip vertically, and judg­
ing from the open cut and shaft of the mine this is also the dip of .tl1e 
quartz vein. There is some talc-schist just west of the mica-schist in 
which the vein occurs. To th~ south of the Chowchilla River, in the 
same belt of quartz mines just noted, are the mining camps of Grub 
Gnleli, Coarse Gold, and Fine Gold. At Narbod or Quartz Mountain, 

1 Tenth Annual Report of the State Mineralogist. 
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to the west of Fine Gol(], is a very large quartz vein with gentle dip, 
much of which is now lying on the surface, being exposed by the 
erosion of the surrounding granite. A careful examination was made 
of this vein by JVIr. Leo von Rosenberg, wlio states ~hat this deposit 
contains gold evenly distributed through the quartz. 

Another large quartz mass, likewise known as Quartz Mountain, 
lies southeast of Hornitos west of tlie Indian Gulch road. Good ore. 
has been found in this deposit and in this neighborhood. 

In the area of soda-grauite, in the drainage of Agua Fria Creek, 
numerous pocket mines have been worked and found profitable. 

COPPER DEPOSITS. 

In the belt of mica mid chiastolite-schists that crosses the Chow­
chilla River, copper deposits were formerly mined at the Ne Plus Ultra 
mine, at Daulton's, at Buchanan, and at Green Mountain. In the 
country ~·ock of tile N e Plus Ultra mine are numerous large crystals of 
·chiastolite. Tho specimens of ore obtained are composed chiefly of 
copper pyrite in a gangue which is largely a colorless liornblende. 
About 50 feet west of tho main lode of the Ne Plus Ultra mine are a 
number of open cuts on a second lode. In this case what appear to be 
gangue minerals are talc, colorless hornblende, and chlorite. There 
are also at tilis point dikes of a beautifully fresh diorite-porphyry. At 
the Buchanan mine, which is about three-fourths of a mile south of 
Buchanan post-office, the ore lias been taken out of a Humber of 
shafts or inclines. The strike of the ledge is aboutN. 20° W., and the 
dip 70° to the east. This is also the dip of the inclosing schists, which 
contain garnets. 

The ores seem to oecur chiefly along seams of a micaceous mineral 
which tile microscope shows to be a delessite-like chlorite. The micro­
scope also shows that there is more or less colorless hornblende asso­
ciate(l with the chlorite, and that the chlorite scales contain very 
abundant needles of rutile. The ore is made up of copper and iron 
sulphurets, pyrrhotite, garnet, quartz, chlorite, and reddish-brown 
biotite. One specimen contains colorless hornblende. The specimens 
were collected on the dumps of the mine. The Green Mountain mines 
were not visited. 

THE BIG TREES AREA. 

GJ<~NERAL REJ'tfAltKS. 

The quarter degree lying directly east of the Jackson area is called 
tbo Big Trees area, because in it are the celebrated Calaveras big tree 
groves, the post-office at tbe place being known as Big Trees. The 
main portion of the district lies in the timber belt of the Sierra, with 
black oak, sugar pine, yellow pine, and cedar as the most abundant 

'trees. In that portion of the district Laving an elevation of from 3,500 
to 4,500 feet the oak, pi11e, and cedar trees are on the ridge tops, some­
what scattered, the ground being covered with a prostrate evergreen 
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·shrub, locally known as "mountain misery," of a bright-g-reen color, 
resembling at a distance a lawu, the whole producing a park-like effect. 
There are no sharp mountain peaks anywhere in tJJC area, but rather 
high, more or less level-topped ranges, which are largely capped with 
fragmental andesite. Bxceptious to this rule are Devils Nose, Blue 
Mountain, and Mount Elizabeth, quartzite masses lying just west of 
the main granite mass and forming the easternmost portion of the 
so-called siliceous series of unknown age referred to in the description 
of the Sonora area. This belt of siliceous rocks, having a width of 
about 10 miles and lying to the east of the Carboniferous limestone 
belt, may comprise rocks of early Paleozoic age. Some statements 
about the Tertiary rivers are given nuder t.he head of ''Gold gravels." 

Aeeording to Whituey 1 the gravel underlying the flat at Vallecito, 
in the drainage of Coyote Creek, occupies a basin, the bottom of which 
is lower than that of the Neocene Tuolumne River under the lava riclge 
just east. The position of the rim rock is said to iudicate a westerly 
course for this lower channel. 

The most abundant volcanic material of the Big Trees area, as 
in most other districts, is andel•ite-breccia, which at one time covered 
most of the area. Hhyolite aud basalt are also found. On the ridge 
north of the North Tuolumne and west of Beaver Creek are several 
small areas of rhyolite, basalt, and a breccia, apparently in the order 
of age succession as here named, the rhyolite being the oldest. A 
peculiar biotite-bearing tufl'-like lava and an associated black, glassy, 
basaltic-looking lava contain such a large amount of alkali that they 
are considered as related to the trachytes, and on account of their 
unusual character are described in a separate paragraph. 

In the northeastern part of the area evidences of the former exist­
ence of glaciers are to be noted on every hand. lVInch of the granite 
between Highland Creek and Bloods has been beautifully cleared off 
and smoothed by ice action. 

In the canyon of the North Mokelumne, nearly north of Big Meadow 
Creek, are Hams Salt Springs, at a point where the river at an· earlier 
and higher stage, perhaps in Glacial times, excavated au extensive 
series of potholes, about 250 in number.2 'fl!e salt water flows into 
some of thei'ie potholes, and on desiccation the salt (NaCl) crystallizes 
out in beautiful hopper-sbaped forms. 

TRACHYTE. 

In the area of the Big Trees sheet, in 18871 the writer collected some 
peculiar-looking Tertiary igneous rocks on the north ridge of Beaver 
Creek, about a mile northwest of the South Grove of Sequoias. The 
lower part of the igneous mass (No. 86 Tuolumne) is a dark, fine-grained, 
1:Jasaltic-looking roek. ·The microscope shows the phenocrysts of 

l A urifcrons Gra,·els1 p.12i:t 
'See Am. Jonr. Sci., Vol. XLIV,I'-453. 
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plagioclase to be near labradorite. There is also aug·ite present. The 
feldspars of the glassy microlitic groundmass arc much more acid than 
the phenocrysts. Overlying this dark, very fine-grained lava is a some­
what coarser, dark-brown, glassy, fragmental-looking lava containing 
black mica (No. 85 Tuolumne). The microscope shows this to be a tuff 
containing biotite and feldspar phenocrysts and microlitic fragments 
in a brown, glassy gronndmass; one large grain of iron oxide was 
noted. The partial chemical analyses of these rocks indicate that they 
both may be trachytes. Rocks exactly similar to these were collected 
by Dr. F. r~. Ransome and the writer in the ridge south of Highland 
Creek, near the east border of the Big Trees sheet and to the west of 
the Dardanelles.1 .A.t one point at least they form a layer in the ande­
site-tuffs, so that it would appear that there were trachytic eruptions 
during the andesitic period. The possible connection between these 
trachytes and the basalt of the Tuolumne Table Mountain is noted in 
the chapter on rock classification. It should be clearly stated, how­
ever, that a characteristic trachytic structure has not been noted in 
any of the thin sections examined, all of which show much glass, and 
it is likely that the alkalis are to a considerable extent in this undif­
ferentiated base. Future explorations may bring to light more nearly 
holocrystalline varieties of these lavas. Though they may be regarded 
as trachytes they are evidently not typical. While biotite is plentiful 
in the tufl', it bas. not been noted in the massive form, which throws 
doubt on the two rocks being closely related. However, near the South 
Grove, near Clover Meadow, antl at other points, tLte massive lava and 
the tuff are directly associated. On the ridge north of Soap Oreek 
some trachyte tuff is exposed underlying the andesite-breccia. 

Analyses of trachytes (f). 

No. 86 
'l'uolnmne. a 

---

Silica ...... ___ _ 

Lime ......... .. 

Potassa ....... . 

Soda------ ____ . 

Per cent 

59.88 

5.09 
5.06 

3.90 

a Fireman. analyst. 

No.85 ~-~ 
Tuolumne. a No. HZ:~~ 

Per cent. 

61.09 
4. 94 

5.27 

3.69 

Per cent. 

62.33 

3.23 
4.46 

4.21 

b Ilillebraml, analyst. 

The following description of one of the specimens, of which a com­
plete analysis will be found in the table of analyses of the syenite 
family, is by Dr. F. L. Ransome: 

Trachyte tuff (No. 1420 S. N.). 

Locality: One and three-fourths miles southwest of Clover Meadow. 

Macroscopically, a· dark-gray rock of,trachytic or andesitic aspect, evidently par· 
tially fragmental. Shows small tablets of idiomorphic biotite and small irreg· 
rilar phenocrysts of clear Yitreons feldspar. 

'During the fleld season· of 1896, Dr. Ransome and tho writer found these trachyte-like lavas at 
many points in the Stanislaus drainage. 
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Microscopically, the greater part of the section is made up of a brown semiopaque 
glass, in which occurs irregular and better-individualized fragments, showing 
small lath shaped plagioclases. Some glassy areas, which appear to be included 
fragments, show no crystals, and are characterized by a suggestion of minute 
sphernlitic structures. These areas arc traversed by ·a network of fine cracks, 
either empty or filled with some colorless isotropic substance. The pheno­
crysts of biotite anrl feldspar occur in the glassy matrix of the slide. The 
former is in itliomorphic tablets aml bas the ordinary character. The most 
abundant feldspar is a glassy plagioclase in clear, fresh anhedrons, showing 
sharp albite twinning. The maximum symmetrical extinction angle is about 
22c, indicating labradorite. Some uutwinne<l fragments showing a sharp 
cleavage were suggestive of sanuline. Some grains of feldspar were picked 
from tho band specimen and tested by Boricky's method. Generally these 
grains showell only the fluos1licates of sodium and calcium. But one grain 
showed apparently the fluosilicate of potassium, and the test was confirmed by 
addition of PtCl,. A minor proportion of the feldspar thus appears to be· 
sanidine. Tho absence of crystal Lountlaries anrl of any quartz for comparison 
of double refraction makes the determination of tho feldspars somewhat unsat­
isfactory. One irregular fragment of colorless augite was noted in tho slide. 
The rock in its molten condition must have been crowded with fragments of 
glass aud glassy lava, together with tho phenocrysts described. It does not 
appear to bo an ordinary clastic tuff, as some of the phenocrysts show some 
corrosion, and even slight embayments. 

GRANITOID ROCKS. 

Outside of the potash-feldspar granites noted under the head of 
"Archean gneisses," and which, with more or less gneiss, forms a wide 
zone just east of the large area of Paleozoic sediments, the great bulk 
of the granitoid rocks belong to the quartz-mica-diorite or granodiorite 
type. 

Forming a comdderable mass in the drainage of Twomile Creek, in 
the southeast part of the district, is a very basic rock showing the 
poikilitic structure admirably. A. photograph of a thin section of a 
specimen of this (!:185 S. N.) is represented in Pl. XLVII, Fig. A. The 
dark mineral is brown hornblende, and the inclosed crystals are, at least 
in part, anorthite. The contact of this poikilitic gabbro with the sur­
rounding granite mass was examined in the bed of Twomile Creek with 
uncertain results. A specimen taken a few feet from the contact 
proves to be a granodiorite showing oligoclase, and the specimens of 
the gabbro from near the contact contain, there as elsewhere, very 
basic feldspars. Near the contact, however, the gabbro assumes vari­
ous forms, the hornblendes having a tendency to develop in elongated 
prisms and the poikilitic structure to some extent disappears. It would 
appear, therefore, that ·there is no gradation between the basic gabbro 
and the surrounding acid granodiorite. In the season of 1896 numer­
ous areas of similar hornblende-gabbros were found. 

Throughout the region dikes of granulite and pegmatite are frequent 
in the granitic rocks. Three and one-half miles northeast of Mount 
Lewis, in the bed ofthQ North Tuolumne, are numerous pegmatite and 
granulite dikes, which in part intersect one another. In one instance 
one dike had been faulted before the intrusion of another, which 
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appeared to follow the fault plane. These dikes are chiefly small, but 
several of them bad a width of from 6 to 8 inches. Some of the dikes 
contained a broad band of quartz in the miudle. Two specimens of 
two small dikes about 2~ inches in width were collected, one of which 
(No. !)98) contains a middle band of quartz with granulite borders and 

· is sbown in Pl. XXXIV, Fig. A, and the other contains a middle band 
of granulite with niassive feldspar borders and is represented in PI. 
XXXIV,, Fig. B. Both of the specimens in each case figured show the 
entire width of the dike. The microstructure of Ko. 998 is shown in 
Pl. XXXVII, :Fig. B. The interlocking quartz grains resemble those of 
some quartzites. A microphotograph of a thin section of the granulite 
border is represented in Pl. XXXIX, Fig. A. This granulite is made 
up of quartz, alkali feldspar, micropegmatite, and plagioclase, witb minor 
amounts of biotite, muscovite, reddish gamet, and minute rutile-like 
prisms, sometimes in polysomatic growths embedded in the fresh quartz 
and feldspars. In No: !)99 the white feldspar border appears to be a 
turbid microperthite. Plates of biotite, as may be seen in "the figure, 
.cut both the feldspar border and the interior granulite. 

Iu the northwest corner of the Big Trees area, surrounded by rocks 
of the Calaveras formation, is a considerable mass of a white coarse­
grained rock (No. 1685 S. N.) with numerous dark hornblendes aver­
aging two-tenths of an inch in diameter. The microscope shows this to 
be a hornblende-syenite. It is composed of alkali feldspar, some plagio­
clase, and dark-green hornblende, with which is associated apatite. 
There is also an area of an olivine-gabbro which extends into the Jack­
son sheet area. 

ARCHEAN (~) GNEISSES. 

In the canyon of tha North Fork of the Mokelumne River is exposed 
a series of gneisses which may be of Archean age.· They are referred 
to in Chapter I, under the head of Archean gneisses. To the northeast 
of Devils Nose these gneisses are in contact with tbe certainly sedi­
mentary series of the Gold Belt of the Sierra Nevada_ The rock of 
Devils Nose is a massive quartzite, and the relation oftbe gneisses and 
the quartzite bas been only superficially examined_ No unconformity 
has been proved to exist, bnt the writer expeets during the field season 
of 18DG to examine the contact more closely. 1 The quartzite mass 
referred to is probably of the same horizon as that of Blue Mountain, to 
the southeast. The age of the quartzite is uncertain, but there are 
nearly 10 niiles of bighly tilted sediments between the quartzite horizon 
and the pretty certainly Carboniferous limestone of Murphys, Cave 
City, and Volcano, so that the quartzite may be much older than the 
Carboniferous. 

All of the rocks of the gneiss complex are thoroughly crystalline, and 
there is thus far no p<isitive proof that any portion of them represents 

1 The field iuspection in 1896 brought out no evident proof of an unconformity, but better results 
are hoped for when the rocks collected are studied microscopically. 
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original sediments .. They are no more thoroughly gneissoid at the 
granite contact than in the middle of the area, au<l the crystalline con­
dition can not, therefore, be considered as a phenomenon of contact 
metamorphism, unless it be supposed that this metamorphic action took 
place during an earlier period, perhaps when the rocks, now typical 
gnei:,;;ses, were deeply buried. In any case, the recrystallization must 
have been brought about by more intem;e forces tha,n those which have 
caused the co11tact zones about the Juratrias gm11itic intrusions, of 
which a good example is noted h1 the description of the Merced­
Mariposa district. 

In a general way the strike of the gneisses is to the east of north, 
corresponding in this particular with the so-called Archean masses of 
western Nevada. To the east is a large area of massive hornblendic 
granite or quartz-mica-diorite, presumed to be of Juratrias age. The 
contact of the granite with the gneiss series is beautifully exposed in 
the rocky bed of Bear Creek, a north tributary, at a point about six­
tenths of :1 mile north of its mouth. The contact is sharp. There are 
protrusions of the hornblendic granite (No. 1495) into the gneiss, form­
ing distinct dikes, and fragments of the gneiss are also included in the 
granite. There are also dikes of a white granite (No.l4!:l0) cutting both 
the gneiss and the hombHmdic granite. These latter dikes are but from 
1 to 3 inches in diameter, occupying nearly straight fissures, and may 
be presumed to have been mtrufled at a later date than the hornblendic 
granite. 

On account of the pressure of other work, it has not thus far been 
practicable to make a thorough study of these gneisses. They are 
chiefly thoroughly granular rocks, a fact well brought out in the photo­
micrograph ofNo.1456 S. N., Pl. XXXVII, A. 

Titanite, apatite, pyrrhotite, and magnetite are among the acces­
sory minerals. Some of the titamtes exhibit a pleochroism in reddish 
colors, found by Lacroix 1 to be characteristic of that mineral in certain 
pyroxene-gneisses. Certain light-colored layers containing garnet, 
quartz, and wollastonite were thought in the field to represent orig­
inal limestone masses. One stratum, thought in the field to be a 
quartzite, contains much pyroxene between the interlocking quartz 
grains and also numerous zircons. By far the greater part of the area 
is made up of the plagioclase-hornblende-biOtite-gneiss. The area has 
a maximum diameter of about 9 miles, and the rocks are truly gneis-· 
soidal in structure, both macroscopically and microscopically, at all 
points throughout the area. 

Associated with the gneisses, and app~rently intrusive in them, is a 
grari.te, which differs from the Jurassic ( ?) gramte of the region imme­
diately east in containing much potash feldspar and no hornblende, 
or very little. 'fhis granite (Nos. 1452 and 1485 in table of analyses 
following) is in faet a true granite, while the so-called hornblendic 

1 Bull. Soc. Min. lle .!!'ranee, Vol. XII, April, 1889. 
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granite of Jurassic age is largely a quartz-mica-diorite. The contact 
of the gneissic series with the hornblendic granite to the east is sharp. 
Apophyses of this granite extend into the gneisses as dikes, and there 
are clear-cut inclusions of the gneiss in the granite. 

The following analyses, by Dr. Hillebrand, show the composition of 
some of the gneisses and tl1e igneous rocks that are directly associated 
with them. 

Si02 . ----- -
Ti02 ••••••• 

AI,Oa ...•... 

FeS, ....... 

Fe,O, ·----· 
FeQ ........ 

MnO ....... 

NiO.c ...... 

CaO -------
SrO ........ 

BaO ....... 

MgO .....•. 

K,O ........ 

Na,o ....... 

Li20 ....... 

H,O, below 

110° c .... 

H20, above 

110° c ---
r.o5 ....... 
co ..... ----

TotaL 

Sulphur .... 

.1nalyses of gneisses and associated rocks. 

GncisseM. 

No.l425. No. 1473.\No.1474. 

57.41 46.63 52.21 
1. 04 1. 82 1. 16 

17.71 19.49 18.79 
None. . 19 . 06 

2.16 3.26 2.71 
5.01 6.63 5.30 

.15 .21 .06 

. 02 .02 Trace. 

6.73 9.15 
}as.Ol 

.04 .06 

. 09 .14 .08 
3.38 5.37 5.11 
1. 82 . 1. 55 1.60 
3.12 3.19 3.31 

Trace. Trace. Trace. 

.20 .10 .12 

1.14 1.61 1.35 
.24 . 66 .36 

None. None. None. 
-- ----
100. 261100. 08 100.23 
None. .10 .03 

-

\fo.14 
woll 
toni 

58, 
as-
te. 

7 
0 
7 

e. 

50.6 
.2 

6.3 
Non 

.3 

.5 
rrac 

Non 

1 
0 
e. 

e. 

34 
{

40. 
No 

Non 

ne. 

e. 

"8 .o 

.2 2 
14 

Non e. 

08 

31 
e. Non 

.5 2 

i 100.2 
Non e. 

Granite. I Quartz-diorite. 

,------
No.l452. No.l485.,No.l490. No.l495. 

I -- ---------
70. 4:{ 70.75 69. 66, 55.86 

.24 .42 . 21 1. 20 
15.51 15.13 17.57 19.30 

Trace . .06 Trace~ . 39 
.96 .98 .21 .91 

1. 28 1. 43 1. 04 4.78 
Trace. Trace. Trace. .16 

(f) None. None . Trace. 

2.76 3.09 4.54 7.31 

.051 
.04 

.051 
.04 

.20 .12 .03 .13 

.37 .73 .58 2. 94 
5.14 3.62 .71 1.52 
2.75 3.05 4. 91 3.52 

Trace. Trace. None. Trace. 

.08 .10 .05 .19 

.40 .51 .50 1. 2::! 

.11 .10 . 03 . 38 
None. None. I None. None. 
---- ------
100.28 100.13 100.09 99.86 
Trace. .03 Tracef .21 

a Strontia determination failed. 

Diorite, 
No.1481. 

---
55.18' 

.83 
17.35 

.28 
2.77 
3.90 
.15 
.03 

' 
7.98 
.06 
.04 

4.80 
1. 42 
3.42 

Trace. 

.16 

1.52 
.20 

None. 

100.091 
.15 

Dr. Hillebrand states: "Although zirconia was looked for in nearly 
all of the analyses, it was not fouud. Fluorine and chlorine were in 
no case tested for; The values of Fe203 and FeO are based on the 
assumption that all the sulphur exists as pyrite (FeS2), and that this 
is not attacked by hydrofluoric acid during the estimation of the FeO. 
The error caused by its partial attack would, however, not be large and 
would affect both the FeO and the FezOJ values. If the sulphide is in 
part pyrrhotite the error becomes larger." 
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Pyrrhotite is certainly present in some of the gneisses, as for example 
the pyroxene-plagioclase-gneiss (No.1456) represented in Pl. XXXVII, 
A, but it has not been identified in the gneisses analyzed, some of 
which contain iron disulpllide in small amount and much magnetite. 

Q.nartz-diorite-gnciss (No; 1425 S. N.). 

Locality: Three-tenths of a mile northeast of Clover Meadow, which is to the south 
of Highland Creek. The area is a bon t lfiO feet wide and longer than·that in 
the direction of strike. It is surrounded by hornblendic granite, whieh 
invades it in dikes. It also coutams dikes of pegmatite. 

Macroscopically, a r:tther coarse-grained, dark, gneissoid rock with rounded or 
irregular porphyritic feldspars usually less than one-fourth inch in diameter. 

Microscopicttlly, it is a thoronghly granular rock, made up of plagioclase, green 
hornblende, quartz, antl brown mica, with accessory biotite, and metallic iron 
oxide. All the constituents are fresh. 

Plagioclase-gneiss (No.1473 S. N.). 

Locality: South bank of the Mokelumne River, aborrt 2,000 feet downstream from 
the mouth of Bear Creek. There are)arge amounts of rock like this. -

Macroscopically, an even an(l fine-grained, dark, gneissi<lrock. 
Microscopically, a thoroughly granular rock, composed of plagioclase, much of it 

twinned on t.he albite law, green hornblende, brown mica, and grains of iron 
oxide. Apatite and minute crystals resembling zircon in form and in brilliancy 
of interference colors are common. It will be noted, however, that no zir­
conia was found in the chemical investigation by Dr. Hillebrand. Some 
epidote, showing the usual citron-yellow pleochroism, is present. 

Plagioclase-gneiss (No. 1474 S. N.). 

Loca.lity: About 150 feet west of No. 1473, on the south hank of the North Fork of 
the Mokelumne. 

MacroMcopically, a <brk gneiss, with abundant rounded-turbid feldspars, larger than 
the other constituents. 

Microscopical!~·, a thoroughly granular crystalline rock, made up of clear plagioclase, 
nearly alwayM twinned on the albite law; some both on the albite and Carlsbad 
laws; green hornblende, brown biotite, abundant apatite. The turbid feld­
spars noted macroscopicall.)· show in some cases albite twinning and are there-
fore not orthoclase. Frequent grains of iron oxide. · 

Wollastonite-gneiss (No. U58 S. N.). 

Locality: South bank of the North Mokelumne; upstream from the mouth of Bear 
Creek. Layer in the gneiss series about 20 feet thick. 

The piece analyzed, so far as could be determined by an examination with a hand lens, 
was composed entirely of a white fibrous mineral presumed to be wollastonite in 
the field. Tho analJ·sis therefore may be of this mineral only, although it 
v·aries considerably from the analyses of wollastonite given in Dana's Manual 
of Mineralogy, 1892. The stratum cont:tins garnet, quartz, and a biaxial min­
eral with low gray interference colors in addition to the quartz. Titanite, 
showing a pleochroism in reddish colors, is also present. 

Biotite-granite (No. 1452 S. N. ). 

Locality: South bank of North Fork 'of Mokelumne River, about H miles' southwest 
of Garnet Hill. 
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Macroscopically, fresh, light-colored granite, biotite, no ( ?) hornblende; the mica 
grouped iu patches which arc roughly in layers, so that the rock has a gneis­
soi!l appearance. Some turbicl feldspars, larger than the others, from four to 
five tenths inch in length. . 

Microscopically, plngioclase, microcline, q nartz, and biotite abundant; some grains 
of metal! ic iron oxide; less titanite and apatite; microscopic brownish needles 
in the quartzes, perhaps rutile. 

Quartz-mica-diorite (No. 1490 S. N. ). 

Locality: Bed of Bear River. Dike in the gneiss. An exactly similar dike cuts both 
the gneiss and tho quartz-diorite (No. 1495). This qnart~-diorite represents a 
late intrusion, and is comparable in ago and mode of occurrence to the granu­
lite or aplite dikes that cut so many of the granitic mass<!s of the Sierra Nevada. 

Mallroscopically, white, medium-grained granite, with biotitoand somehornblcnde ( ~). 
Microscopically, structure granulitic, in part gmuitic or hypirliomorphic-that is to 

say, the quartz ami feldspar grains of nearly even size and generally rounded 
forms appear to have formed at about the same time. This is true, however, 
for only a portion· of the section, as at other points the quart« is interstitial 
between nearly idiomorphic feldspars. Many of the feldspars are twinned on 
the alLite law, and at least some also on the CarlMbad Jaw. Some of these are 
certainly andesine. Untwinned feldspars showing zonal structure are abun­
dant. They can not Le ortl10clase, as there is too little potassa present. Bio­
tite is rather abundant, but there is little or no hornblende present, in this 
respect differing greatly from the massive quartz-diorite No. 1495. Titanite 
and some minute undcterminetl minerals are likcwbe present; also chlorite as 
an alteration product of the biotite, and some epidote. 

Quartz-hornblende-mica-diorite (No.1495 S. N.). 

Locality: Bed of Bear River, taken near the contact with gneiss series. .This rock 
is intrusive in the gneisses and is more basic than the average quartz-dibrite 
to the east, of which it is a facies. 

Macroscopically, a white, merlium-grained hornblende-biotite granitoid rock. 
Microscopically, the rock is hypidiomorphic or granitic in strnctnre. The chief 

components are plagioelase, quartz, green hornblende, and biotite. Iu addi­
tion to the very abundant a.lLite-twinnerl plagioclase there are turbid feld­
spars that show in some cases indistinct albite lamellrn. Apatite, iron oxide, 
and a zircon-like crystal were noted. Iron disulphide in irregular grains and 
in one case with crystal form (a parallelopipedon), epidote, and chlorite are 
also present. 

It will be noted that No. 1425 is not from the Mokelumne Hiver area, 
·but from a point many miles to the southeast. This smaller area is with. 
out doubt of the same origin as that of tl1e Mokelumne River. At mauy 
other points there are dark iuelusions in the hornblendic granite, 
which are believed by the writer to be included fragments of gneisses. 
Such are the basic inclusions in the granite west of Granite Lake in 
Tuolumne County, a photoengraving representing which may be found 
in the previous report.' The writer has sometimes referred to these 
inclusions as "schliere," but this is an error. They do not grade over 
into the granite, but are certainly inclusions, whatever their origin . 

.About one-half mile upstream from t)1e mouth of Bear Creek, in the 

I Fonrt.eenth Ann. P..ept .. U.S. Geol. Suney, Part II, p. 482. 
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gneiss series in the bed of the Mokelumne, is a layer of alight· buff rock 
of medium grain, apparently largely made up of quartz grains with 
rusty spots and specks of pyrite. In the field this was supposed to be 
a quartzite, and to give evidence of the original sedimentary nature of 
a portion of the gneiss series. The microscope shows this rock to be 
made up of interlocking grains of quartz, monoclinic pyroxene, and 
garnet, with scattered grains of iron pyrite. There is nothing in the 
.structure of the rock to preclude a sedimentary origin, but the_fl.i:fficulty 
in recognizing the original nature of a quartz rock may be inferred 
from an examination of Pl. XXXVII, Fig. B (No. 54), and Pl. XXXVIII, 
Fig. A (No. 183) and Fig. B (No. 998). In No. 54 the clastic structure 
is very evident in a portion of the section,· and in another part there 
bas been secondary silica added to some of the grains, so that they 
have been enlarged and interlock to some extent. No.183 is a massive 
quartzite in which all of the grains interlock, and from the microseope 
alone the original clastic structure of this rock can not be affirmed. In 
No. 998 the quartz grains show the same interlocking structure as No. 
183. This rock, however, is a quartz band in granvlite, and is certainly 
not elastic. Moreover, the numerous inclusions and gas and liquid 
filled cavities of quartzes do not seem certainly to indicate the way in 
which they were formed, as they occur in rocks having a very diverse 
origin. 

On Pl. XXXV, Fig. A, is represented a peculia-r coarse spotted 
gneiss which was found interbedded with mica-schist in the bed of the 
North Mokehmne. Intrusive in the gneiss at this point is a granite 
dike (No. 1479), which is composed of quartz, microcline, some horn­
blende, and plagioclase; and cutting both the gneiss aud the granite 
dike are dikes of a fine-grained diorite-porphyry (No.l481), an analysis 
of which is given above. 'fhe coarse spotted rock is believed to have 
been originally a gabbro-like diorite. 

Diorite-gneiss (No. 1479 S. N.). 

Locality: Three miles west of the mouth of Bear Creek, in the bed of the North 
Mokelumne. 

Macroscopically, a coarse spotted rock made up of dark patches of hornblende with· 
the intervening spaces filled with a nearly white mineral, apparently feldspar. 

Microscopically, the dark JJatches are made np oflarge and some small anhedrons of 
brown hornblende with some biotite, and the white portions of a mosaic of 
plagioclase grains, most of which show albite twinning. Symmetrical extinc­
tion angles measured on 010 of ten of these feldspars varied from 8° to 23°, 
the average being 15°. The felclspar is probably chiefly andesine. This feld­
spar mosaic is thought to have retmlterl from the recrystallization of large 
crushed saus~uritic feldspars, traces of which still remain in certain large 
turbid grains-that is to say, this biotite-gneiss may formerly have been a 
coarsely cr;vsta1line gabbro-like diorite which had been much crushed, the 
feldspars being broken up into a mosaic, the recrystallized grains of which 
now form the white portion of the rock. Apatite is very abundant in the 
hornblende in large prisms. 

l7 GEOL, PT r-45 
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GARNET-EPIDOTE LODE. 

On the summit of the granite hill that lies just east of the mouth of 
Moore Creek is an interesting lode, the course of which is north and 
south. It is made up of white quartz, in which are embedded large 
prisms of green epidote and a green quartz containing garnets, and is 
flanked on either side by a band of plagioclase-biotite-gneiss with a 
nearly vertical drp. The green quartz is seen under the microscope to 
owe its color to numberless minute crystals of a green monoclinic 
pyroxene, with some bluish-green fibrous amphibole. 

Arongh analysis made of the green quartz (No.1686 S. N.), from pieces 
pickecl out so as not to inClude any garnet, by Messrs. Hillebra~d and 
Steiger, is as follows: 

Analy8i8 of No. 1686 S. N. 

I Silioo ------ ______ . _________ . _____ ---· ___ .. __ .• 

Iron oxide ..................................... . 

Lime ........ --- ........... - ................ ---· 

Per eent. 

89 .. 6 

3.5 
4.9 

Magnesia ....................................... __ 2.0 I 
Total ........•...... -- ............ --.. • .. . 100. 0 

From this analysis Dr. Hillebrand calculated that about 78 per cent 
·of the rock is quartz, the remainder being chiefly pyroxene. 

The garnets likewise -contain the same minute pyroxenes noted in 
the gteen quartz. One of the remarkable features of the garnets is 

·their large size and finely polished exterior. One imperfect rectangular 
crystal is aboqt 3 inches long and 2 inches each way in the square cross 
section. 

The lode is not to be seen by the Mokelumne River to the north, nor 
was it observed on Moore Creek to the south. The tongue of gneiss, 

-however, in which the lode occurs appears to connect with the gneiss 
on Moore Creek, which is part of the large area before described. 

ECONOMIC GEOLOGY. 

GOLD GRAVELS. 

The gravels deposited by the Tertiary rivers in the are::)~ of the Big 
Trees sheet are largely covered by the lava flows, or have been eroded. 
Traces of the old rivers, however, are to be seen at a considerable num­

. ber of points in the westPrn and southern parts of the district. Near 
Vallecito and Douglas Flat they have been mined extensively by the 

:hydraulic method and by dl'ifting. The Neocene Tuolumne Uiver, a 
· portion of the old channel of whrch is preserved under the Tuolumne 

Table Mountain, covered part of the large limestone area west of Colum­
bia, from which the overlying lava had been removed by erosion. Such 
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of the gravels as remained were therefore well exposed for mining, and 
one of the most interesting sights in the mining region is a view of 
this old river bottom in which the limestone had been eroded in a very 
irregular manner, with numerous pothole-like cavities.1 Many of these 
were found to be very rich in gold, and the material in them has been 
largely removed. 

GOLD·QUARTZ VJ<JlNS. 

Probably the most important mine in the Big Trees area is that at 
Sheep Ranch, which has been worked for many years. The rocks of 
the· Auriferous slate series in the southwestern and western portion 
of the Big Trees area contain a great number of quartz veins, many of 
w~ich are as yet undeveloped. A very promising region is that east 
and northeast of Columbia atid American Camp, in the southern por­
tion of the area. The Keltz mine, the Star mine, and some others are 
now in operation. Some time since the writer visited a number of the 
mines in this section, and some brief notes to indicate the kind of sul­
phides that accompany the ore are herewith appended. Some of these 
mines and others have undoubtedly been developed since the time of 
the writer's visit, and the notes therefore in no way represent the pres­
ent condition of the mining industry in this section. 

The vein of the Eagle quartz mine on Eagle Creek, from 6 inches to 
3 feet in thickness, strikes nearly north and south magnetic, dipping 
to the east about 44°. The country rock of the mine is the Calaveras 
formation. A dike was noted along the vein. Several specimens of 
the ore were obtained, one of which shows free gold. Zincblende, iron, 
;:tnd copper pyrite form part of the ore. · 
. The. Star quartz mine is in schist on the north side of Rose Creek. 
Nearly all of the quartz seen is of dark color. It is said to be very 
rich in spots. The specimen of ore obtained is black quartz showing 
iron pyrite. The Star mine has recently been reopened and a rich body 
of ore found, containing free gold and sulphides of iron, copper, and 
lead. 

The Riverside mine is on the north side of the South Fork of the 
North Stanislaus. Where seen the v~in is a strong one, upward of 5 
feet in thickness, and is composed largely of ribbon quartz. The ore 
shows both copper and iron sulphides. On the south side of Knights 
Creek, in a granite area, was noted a prospect, the ore of which con­
tains iron pyrites and black scales with metallic lu.ster resembling 
graphite. These proved on blowpipe analysis to be molybdenite. The 
quartz of the ore is dark in color. The claim is known as the Dorsey 
quartz mine.2 

t Many of the~e cavities, however, may not have been formed in the ordinary manner, by tho revolv­
"ing of pebbles on the rock bottom of a stream. Some of them appear to have dissolved nut of the lime­
stone a.ncl to be a })henomenon of secular rock disintegration. Thus, in the limestone at Murphys, 
South of tho west elld of the town, may be seen an exposure on the hillside where similar cavities are 
'filled with red soil. 

• This should not be confused with the Dorsey mine on the ridge north of Knights Creek. The 
'ridge mine is in slate. 
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North of Murphys, iu the limestone, the Willard Mining Company 
has exploited the Blue Wing vein. This deposit is of much interest 
on account of the ~musual association of the sulphides in the ore. The 
ordinary vein quartz forms a part of the deposit, but it is accom­
panied by brown jasper. Cinnabar, or sulphide of mercury, stibnite, 
and galena are present in the ore. Bird's-eye porphyry, apparently an 
altered diorite, cuts the limestone into dikes. The vein is said also to 
contain copper. . 

To the west of Blue Mountain is a group of mines, the ores of which 
are very basic. Greve's claim, between Licking Creek and the South 
Fork of the Mokelumne, has an ore containing iron pyrite and a galena­
like sulphide. The Cook mine, north of Licking Creek and about a 
mile northwest of Greve's ranch, contains a large amount of very basic 
ore composed of iron pyrite, zincblende, and an arsenic sulphide. Much 
of the ore is said to be worth $100 per ton. The mines at the aban­
doned camp of Blue Mountain City are in quartzite, and the ore con­
tains sulphides of lead, antimony, silver, and probably arsenic. The 
Heckendorn mine is now (1896) being reopened. 

The Belle View mine, formerly known as the Hyde, is in the saine 
granitic area as the mines of the Soulsbyville district in the Sonora 
area. Unlike most of the mines of that district, there are not large 
amounts of sulphides in the Belle View ore. Galena, containing some 
antimony, and copper and iron pyrite were noted in small amounts. 

THE DARDANELLES AREA. 

Lying immediately to the east of the Big Trees area is a region of high, 
rugged mountains, many of them largely built up of volcanic materials. 
Tower Peak, in the southeast part of the area, reaches an altitude of 
inore than 11,500 feet. 

The sheet is named from the very picturesque bluffs, composed of 
lavas, which bear the name of The Dardanelles, the highest point being 
known as the Dardanelle Cone. 

The lavas of these bluffs are, to a considerable extent, massive, 
basaltic-looking rocks. At the northwest base, south of Highland 
Creek, there is also some rhyolite. 

The andesite-breccias are here, as elsewhere, abundant. They are in 
general roughly stratified. A view taken of the andesite ridge north 
of the road fro in the Big Trees to Markleeville is reproduced in .PI. 
XXXVI, A, and shows the imperfect stratification. In the neighbor­
hood of the Highland Lakes there are numerous bowlders of granite in 
the andesite, one of which is shown in PI. XXXVI, B. This is from a 
photograph taken a little southwest of the Highland Lakes. In the 
same vicinity there are dikes of light-gray hornblende-andesite cutting 
other dark-colored ·andesitic masses. On the summit of Arnot Peak, 
which has an elevation of 10,000 feet, the lavas are chiefly or entirely 
andesite, some of which, in the form of tuff, is distinctly stratified. The 
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breccia mountains along· the crcst.of tue range just south of sonora 
Pass likewise :u::e: arranged in layers . 

. Glacial markings were noted everywhere above an elevation of 7,000 
and below 10,000 feet, giving evidence that a. nearly continuous ice 
sheet covered all the upper part of the range,. only rugged peaks ahd 
ridges projecting above it. There must have been movemeut in this 
ice sheet, even on the very Rmnmit of the range, Thus, in the sag of 
the divide, 21miles northwest of Tower Rock, through which a trail to 
Bridgeport passes, glacial polish and stri::e may ·be SP.en, indicating 
movement both east and west;....-that is to say, the stri::e exteud across 
the dividing line of the drainage easterly to the Great Basin and west­
erly to the Pacinc. There is a sharp and rugged peak just to the south 
of the· pass referred to, but no eminence of any size directly to the 
north. It is impossible that an ice mass should have here moved up 
over the pass from one side and down on the other, which would satis­
factorily account for the continuous stri::e at the very summit of the 
divide, for· there is no: neve .basin; on either side of the divide at ·this 
point where ice and snow could have accumulated in sufficient amount 
to force a tongue. of ice over the divide. It may be supposed that there 
was a· considerable thickness of ice all over the pass, and that move­
ment on the lower surface of this mass began at the dividing line of 
the east and west drainages, .one portion of the ice traveling east 
and the other west .. 

. What appears to be a residual glacier may be seen on the north slope 
of a very steep and high ridge 2 miles northwest of Tower Peak. At 
any rate, at the base of the snow bank, the under portion of which is 
ice, the mass· of debris had ~he appearance of being pushed ahead. 
The elevation of the ridge was more than 10,000 feet. By the Sonora 
and Mono road, the main mass of the granite in the Dardanelles area 

· is a coarse type, with porphyritic orthoclase or microcline crystals, some 
of ·which attain a length of 3 inches. This is quite the same rock as 
that described in the previous report under the head of granite­
porphyry:1 

. Much of the granite of the neighborhood of Tower Peak shows evi­
dence of compression, in places resembling a stratified rock. There are 
i:o. this vicinity numerous small areas of thoroughly crystalline schists 
included in the granite, and many of these. schist masses form the 
serrated summits of peaks, giving to the region a very wild and rugged 
appearance, much' enhanced by t.he ever-present snow banks and the 
lack of vegetation, except prostrate shrubs and trees (willow and pine) 
with their branches so close to the ground that one can walk on them. 
· At one point, 3 miles north of west from Tower Peak, is a considera­

ble mass of quartzite, marble, and bhwk fine-grained gneiss. At the 
edge of the coarsely crystalline white marble, which has a width of 
about 400 feet, is a white schistose rock, which the microscope shows 

'Fourteenth Ann. Rept. U.S. Geol. Survey, Part II, 1894, pp. 478-480. 
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to contain pyroxene. Granitoid dikes and quartz veins cut both the 
limestone and the schist. The granitoid rock proves ou microscopic 
examination to be a fresh quartz-diorite, containing primary augite and 
titanite. One of the quartz veins at the contact of the limestone and · 
schist had been prospected. There is much green epidote, garnet, 
and zincblende, and a bright bluish metallic sulphide (? ), in this vein. 

The black gneiss, referred to as being part of the same area as the 
quartzite and limestone, extends south and forms the summit of a point 
whichis 2t miles due west of Tower Peak. The contact of the gneiss 
and granite, which is plainly to be seen on this point, is sharp, and · 
there are angular and rounded fragments of the schist in the granite. 
This gneiss is composed of brown mica, hornblende, and plagioclase, 
with a tendency to a lath-shaped development, with porphyritic. plagio- · 
clase scattered through the rock. 

THE YOSEMITE AREA. 

The main interest in this region centers in its scenic marvels-the • 
Yosemite Valley, with its beautiful waterfalls and magnificent cliffs, · 
the Hetch-hetchy Valley, and the Grand Oanyon of the Tuolumne. In. 
the southwest part of the area, in the Auriferous slate series, are numer- · 
ous quartz veins rich in gold, and there are large tracts of the western · 
portion covered with magnificent timber. The larger part of the area 
is included in the Yosemite National Park. This region bas been.: 
intensely eroded since the period of Tertiary volcanic activity, so that 
only mere traces of the former volcanic materials are preserved. Areas · 
of fragmental andesite arc to be seen on the ridge south of the main · 
Tuolumne, to the we::;t of the Hog ranch, on Rancheria Mountain, and : 
on the fiat-topped ridge east of Piute Creek. On Rancheria Mountain 
there is also some basalt, as well as well-worn gravel, indicating a former 
stream there. 

The southwest fourth of the district is made up chiefly of the Aurif­
erous slate series, and the larger part of the remainder of quartz-mica- · 
diorite or granodiorite. Both Yosemite and Hetch-hetchy valleys are 
carved out of the latter rock. On the east slope of Mount Hoffman is 
a small area of quartzite. By far the larger part of the granitic rocks. 
have been· polished and scored by glacial action, the polish still being 
preserved at many points. 

In the Grand Canyon of the Tqolumne River, in Pate Valley, Dr.: 
Becker and the writer noted glacial markings close to the water's edge 
in August, when the water is low, showing how little cutting has been 
done _since the Glacial period. The Grand Canyon has here a depth of 
5,000 feet. On the ridge south of tbc Tuolumne, by the trail from Hog 
ranch to Hetch-hetchy, the writer observed in the moraines blocks of 
schists similar to the schists in the Mount Dana area, and it is there­
fore probable that these blocks traveled on the ice a distance of more 
than 30 miles. It is expected that a geologic map will be made of the 
Yosemite area in the near future. 
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THE MOUNT DANA AREA. 

The area of the Mount Dana sheet comprises one of the most pic-· 
turesque portions of the higher Sierra, and, unlike that portion of the 
range that lies farther south, it is easily accessible, there being a wagon 
road into it from the Yosemite district and trails leading up to it. from . 
the eastern slope at several points. As yet very little is known of the 
geology of the region. 

The first accurate statement of the geology appears to be- that by 
Professor Whitney,' whose parties visited the district in 1863. Pro­
fesssor WhHney's notes refer chiefly to the scenic aspects 'of the 
country and to the glacial geology, but attention is likewise called to 
the· slate belt of which Mount Dana and Mount Lyell are the most 
prominent points. 'fhese mica-slates, or more properly schists, are 
said by Professor Whitney to form a belt which in Mono Pass is from 
3 to 4o miles wide, the general strike being N. 300 W. and the dip at a 
high angle to. the east or northeast. The contact with the granite is 
everywhere sharp. Mount Dana is said to be made up of metamorphic 
slate dipping to the northeast at a high angle. Bright reddish-brown 
sandstone passing into epidote rock is said to form much of the moun­
tain on· the south side. This is the sandstone which is referred t9: 
later as being perhaps of Juratrias ag·e. 

In connection with his study of Mono Lake basin, Prof. I. C. Russell 
visited the high Sierra region, .and some interesting allusions to the 
picturesque scenery, with excellent photoengravings of mountain views, 
and much information about the glaciers, present and past; may be 
found in his monograph.2 But he made uo attempt to study the com­
plex of the older rocks. A portion of Mono Lake basin is included in· 
the Mount Dana area, and Professor Russell's account of this portion 
of the district contains descriptions of the lake beds, moraines, Pleis­
tocene volcanoes, recent faulting, and much other . material of great 
value. References to papers by Le Conte, .Reyer, and McGee on the 
Mono basin will also be found in Russell's monograph. 

ln the reports of the State mineralogist of California, Mr. L. p,. 
Goldstone 3 and Mr. W. C. Watts 4 give some facts about the iron and· 
silver mines of. the Minarets district, and a few facts about the precious­
metal deposits of the Tioga district and of Mono Pass have been pub-
lished by the writer.5 ' 

The enterprising· members of the·Sierra Club of San Francisco are 
familiar with the district, and in several of the bulletins of the club 
may be found descriptions and good illustrations of the scenery. 

!Geology of California, Vol. i, pp. 425-437. 
•Quaternary history of Mono Valley, California: Eighth Ann. Rept. U. S. Geol. Survey, Part I, 

1889, pp. 261~394. 
• Tenth Ann~ Rept. State.Mineralogist, p.191. 
•Eleventh Ann. Rept. State Mineralogist, p. 214. 
• Am. Jour. Sci .. Vol. XL VII, p. 469, and Vol. XLIX, p. 379. 
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The writer has made two trips into the Mount Dana area, the last 
one in company with Dr. G. F. Becker. No attempt will be made to 
give any connected account of the geology, for which, indeed, material 
is not yet in existence. 

The ",:riter's observations confirm those of Professor Whitney as to 
all the important points. The slate belt referred to by Whitney was 
examined in Mono Pass, along the ravine on the south side of Mount 
Dana, in Glacier Canyon on the north side of the mountain, on the 
ridge west of McLanes Pass, on the east slope of Mount Conness, and 
by the trail to Lundy. .As stated by Whitney, the general dip of these 
slates is northeasterly at a high angle, sometimes vertical. Some 
exceptions to this will be noted . 

.A considerable number of specimens were collected. On the ridge 
west of McLanes Pass the following succession was noted, starting from 
the granite contact on the west and going north: 

1. Granite, the east border of the great area forming most of the range to the 
west, including the summit of Mount Conness. See Nos. 39 and 40 in 
the tables of analyses of the granite family in the chapter on rock clas­
sification. 

2. Schistose rock, which is composed, as seen under the microscope, of quartz, 

Feet. 

feldspar, and biotite, and may be perhaps a schistose form of the granite. 20 
3. Fine-grained quartzite or arenaceous slates, with some schists like the 

preceding .............................. __ ........... ·. . . . . . . . . . . . . . . . . . . 400 
4. Chiefly, quartzite ........................................................ 1, 700 
5. Schists derived from old andesites (porphyrites) (Nos. 72 to 74 Mono). 'The 

cryptocrystalline granular groundrnass appears to have been derived 
from the devitrification of glass, in which case they may be called apo­
andesites. The dip of the rocks at this point is 75° southwesterly. 
A bout ...............................................................•.. 3, 000 

6. Quartzite, knotted schists, etc. The rocks along here dip to the· southwest 
65° . - - ..... - ...... - - -..... - .... - . - . - . - - .. - . -- . '. -- . - ... - .... - .. - .... - - . . . 5, 000 

7. Small body of granitic r<>ck intruded by a porphyry. 
8. Beyond this are the schists in which is the Tioga gold-quartz vein, which 

continue across the strike for r•erhaps 2 miles. These also dip to the 
southwest, as far north as the mining camp of Tioga. 

All the schistose rocks in the above-described section are conform­
able throughout, striking northwest (from soo to 40° west of north) 
and dipping near the granite nearly vertically; but farther north, or 
away from the granite, the dip is to the southwest at angles of from 
6l>O to 750; and this is true also of the same series as far north as Tioga, 
a distance from the main granite mass of 2 miles. The trend of the 
ridge ou which the section was measured is north and south, and there­
fore ~wt at right angles to the strike of the rocks. It is estimated that 
the actual thickness of the beds is about one-half the above-given dis­
tances. It should, moreover, be stated that the supposed bedding of 
these rocks may be in part schistosity. 

In Glacier Canyon (so named from a diminutive glacier that still exists 
at its head), on the north side of Mount Dana, the schists are finely 
exposed. As a rule they strike northwesterly and dip vertically or to 
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the northeast atrangles of· 75° or more.· The specimens -brought back 
from Glacier Canyon show beyond any po:ssible doubt that the schists 
are in part made of ancient andesitic lavas. One of the specimens is a 
well-preserved audesitic breccia. Similar schists were also found on 
tpe east side of Mount Dana, about 1,000 feet vertically below 'the sum­
mit, interbedded with argillaceous schists and dipping easterly perhaps 
60°. There is therefore no doubt that during the formation of the 
schist series of the Mount Dana-Mount Lyell area volcanoes existed 
and supplied material from which a portion of the schists were made 
The age· of these schists is not known; but they are supposed to be 
Triassic or Paleozoic. 

In Glacier Canyon a stratum of limestone from 1 to 3 feet wide was 
noted. To the south of Glacier Canyon, near its mouth, are some 
thinly laminated black slates, striking about N. 300 W., in which is a 
limestone stratum about 5 feet thick and a layer of volcanic conglom­
erate. In the clay-slates and limestone at these points and elsewhere 
a search was made for fossils, but without success. 

On the summit of .Mount Dana_ there is a large amount of a reddish 
sandstone in which layers of epidote have been developed. These 
tuffaceous sandstones dip at comparatively gentle angles (300 to 450) 
to the southwest. No trace of these red rocks was found at any place 
about the lower part of the mountain, nor are they represented in the 
schist series about Tioga, in Mono Pass, or east of Mount Conness. 
'~;here is good reason to believe that they lie unconformably on the 
schists. Although sufficiently unaltered to afford determinable fossils, 
none were found. These sandstones form a mass several hundred feet 
in thickness. When first seea by the writer, they seemed qmte com­
parable to the red Jurassic sandstones of Mount Jura, in Plumas 
County. 

ECONOMIO GEOLOGY • 

. The Tioga gold mine, ~bout 3~ miles northwest of Mount Dana, was 
worked for some time by means of tunnels. The May Lundy mine is 
situated on the west side of Lake Canyon, which drains into Mill 
Creek. The buildings at the mouth of the tunnel are most pictur­
esquely located on the very steep hillside,' perhaps 800 feet above the 
little alpine lake in the canyon below. The gold quartz of the vein is 
said to occur in the granite, but not far from the contact with the slates 
which cap the ridge above. 

In the schists of Mono Pass are numerous quartz veins charged with 
sulphides. None of the o~es seen could be treated by a free-milling 
process. The specimens (No. 455 S. N.) collected there by the writer 
from the Golden Crown ledge were examined by Prof. R. L. Packard, 
who reported that the sulphide is tetrahedrite or an allied mineral giv­
ing blowpipe reactions for sulphur, antimony, copper, lead, and iron. 
The ore is presumed to contain silver, and perhaps gold, "but neither of 
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these was determined. · Tetrahedrite is a ratlter rare mineral in the 
California gold veins. 

Some of the,claims in the Lee Vining Creek drainage were visited by 
the writer in 1886. Some specimens fi·om the Isabell claim were sub­
mitted to Dr. W. H .. Melville, who assayed them with the following 
results: 

Nu. 876, Sierra Nevada collection: 
(a) Chiefly made up of ziucblende; contains 5 ounces gold and· 7 ounces silver 

to the ton. 
(b) Largely iron and copper pyrites; contains a trace of gold and nearly 16 

ounces sih-er to the ton. 
(c) Contains a largo amount of arsenical pyrite; 51 ounces gold and 32 ounces 

silver to the ton. • 

The above samples probably do not represent an average of the ore, 
and are given merely to show the association of minerals in the vein. 

On the southwest slope of Mount Gibbs some heavy ledges of dark . 
ore have been prospected for silver. A specimen of the ore from one 
of these. ledges (No. 879 S. N.) was submitted to Professor Clarke for 
assaying. The assay, made under the direction of Professor Munroe, 
of the Columbian University, gives only a trace of gold and 1~ ounces 
silver per ton. This ore is therefore of no economic value. Some blow­
pipe tests, made by Mr. Steiger, show that the ore contains iron, anti­
mony, and sulphur, and Professor Clarke is of the opinion that the 
mineral berthierite may be present. If so, this will be the first time 
this mineral has been found in California. An analysis will be made of 
the ore at" a later date. 

The mines _in the Minarets district appear to be in the same belt of 
schists as those above referred to. They' are described in the Mining 
Bureau reports as being chiefly iron and silver deposits. A specimen 
of ore from Reynolds's" Sierra Gold and Silver Mine" from this district 
was given the writer by Mr. C. L. Mast as containing bismuth. This 
specimen is a piece of quartz charged with copper sulphide and a 
galei~a-like sulphide which was examined·byDr; Hillebrand, who states 
that it is sulphide of bismuth. 

THE KAWEAH RIVER DRAINAGE. 

The Kaweah River drains a comparatively small area to the west-of . 
the high ridge that lies just west of the head of Kern River, The 
high points of this ridge, about 40 miles north of east from Visal~a, 
are known as the Kaweah Peaks. On reaching the east border of the 
San Joaquin Valiey the river divides into a network of creeks, and 
irrigation canals carry off much of the water. The :first foothills lying 
directly east of Visalia are on the south side of Yokall Creek. There 
is here a central mass of light-gray, rather coarse biotite-granite, sur­
rounded on the west and north by a dark-colored dioritic rock (perhaps 
a nralite gabbro), apparently largely hornblende. The hills to the·east 
and south appear to be made up Of the same hornblende rock, but they 
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were not examined .. The contact between the granite and the dark 
rock is sharp. The granite· area is known as Rocky Point.· Here, on· 
the protected face of a huge granite cropping,·are a nuniber of curious 
figures drawn in white, red, and black pigments, evidently the work oL 
Indians. A rough drawing of these is reproduced in a report by the 
late Col. Garrick Mallery on picture ·writing.1 

· On a small knoll to the 
northeast of Rocky Point there is some mica-schist, talc, and serpentine, 
with a quartz vein. 

About 6 miles northeast of Visalia is a considerable hill, largely 
made up of iron-stained siliceous argillite and light-colored quartzite, 
with a nearly east-west strike and dipping 7oo to the south. · There is 
said to be iron ore in the hill. 

About 8 miles northeast of Visalia is a little butte from which a 
specimen was collected. This rock (No. 459 S. N.) proves to be a fine, 
fresh gabbro, containing both rhombic and monoclinic pyroxene. Thes~ 
two hills stand out in the valley region. At the limestone quarries 10 
miles from Visalia, near Limekiln post.office, the limestone, or rather 
marble, is a coarsely crystalline rock, intersected by a set of nearly 
vertical east-west fissures and a more or less nearly horizontal set. 
The limestone is also penetrated by diorite dikes, some of which lie. 
very flat, others being vertical. It is likely that the dikes are intruded 
along the fissures of the systems above noted. Diorite dikes like those. 
in the limestone are to be seen in the granite to the southeast, by the. 
main road. . 

On the east side of the hill~ facing the Kaweah, which here makes a. 
bend, there are layers of siliceous argillite, quartzite, and limestone,. 
interbedded. 'rbe layers of quartzite are from one-fourth inch to an 
inch in thickness, and the inte.rvening limestone layers from 1 to 3 inches 
in thickness, and have been folded on a minute scale, giving a convoluted 
appearance to the layers. 

Just east of the mouth of the South Kaweah is a sharp cone, known 
as Marble Mountain. On the summit of t.he ridge, to the east of the. 
marble mass, is some garnetiferous quartzite, also layers or veins of 
garnets, and a gneiss with an evenly granular structure, made up. 
of quartz, feldspar, biotite, muscovite, and grains of iron ore. 

All of the lower portion of the Kaweah drainage is not, however, 
made up of rocks like those above 11oted. There is much granite in. 
which the various sedimentary masses form areas of varying size. · 
In the schist series are numerous granitic dikes, which are not like 
the prevailing gray granite, and !loubtless represe11t later intrusions 
(granulite and pegmatite). 

. Mineral King is au abandoned mining camp near the head waters of 
a branch of the Kaweah: As was noted in the previous.report, there 
is here a lens of sediments inclosed in the granite which contains 

, casts of fossil shells presumed to be of Triassic age. The granite to 

'Tenth .A.nn. Rept. llnreau of Ethnology, p. 53. See also plate opposite p. 387 of Twelfth .A.un. 
Rept. State Mineralogist of California. 
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the west of this lens is a gray rock, and was presumed iu the field to 
be a granodiorite. But one specimen of it was taken (No. 463), and 
this proves to be a granite containing much potash feldspar and some 
quartz, oligoclase, and biotite. The amount of feldspar is so large 
that it might be called a quartz-syenite. However, another specimen, 
collected on the south side of the stream, proves to be of the grano­
diorite type. 

At the west border of the lens of Triassic rocks the first specimen 
collected is a mica-schist, just east of which is a hundred feet or more 
of a gneissoidal rock (No. 466). The microscope shows this to be made 
up chiefly' of quartz grains and a mineral with low interference colors, 
high relief, and extinction sensibly parallel to the dominant cleavage. 
It is probably zoisite. A portion of the zoisite (?) grains show the 
rose-red pleochroism ebaracteristic of thulite, a manganiferous zoisite. 
About due east of the old mining camp is the sharp point known as 
Sawtooth, having an estimated elevation of 13,000 fflet. In the can­
yon which heads at Sawtooth, draining westerly, there is a fairly 
good trail. Along the· trail to the east of the mining camp is some 
limestone, and still farther east are some beds, in part conglomerate, 
containing altered andesitic material, indicating the existence of vol-

. canoes in Triassic .time in this region. The metasilicates of these old 
andesites are altered to uralite and epidote, but the feldspar pheno­
crysts are still fresh. There is a layer of quartzite, perhaps 1,200 feet 
in thickness, on the east border of the sedimentary lens. To the west 
of this quartzite there are masses of granite-porphyry and granodiorite 
intrusive iu the schists. The strike of the series as a whole is nearly 
north and south, with a high dip; sometimes vertical. There is chias­
tolite-scbist in the collection from Mineral King, the locality given 
being Monarch Canyon. 

The granite to the east of the Triassic lens forming Sawtooth Peak 
is a typical potash·feldspar granite with black mica. From the crest 
of the dividing ridge, of which Sawtooth is a prominent point, one may 
see, looking east, a glacial amphitheater about a mile .in width, in 
which are two lakes, one perhaps a mile in length. There are sharp 
peaks both to the north and to the south of this amphitheater. 

The Mineral King sedimentarilens extends south to Farewell Gap 
and beyond. The width at the camp is perhaps 1z miles. 



CHAPTER VI. 

CLASSIFICATION OF THE ROCKS. 

There is a present tendency among writers on petrography to base 
the classification of rocks on those characteristics whi.ch can be deter· 
mined from the rock specimen itself. Thus Michel-Levy writes: 1 

One sees from all that precedes that it is necessary to base a rational petrographic 
classification upon contingent facts, independent ot geogenetic hypotheses, and that 
the consideration of the age of rocks· from this point of view is as hypothetical as 
that of their conditions of occurrence (gisement) in the depths or at the surface. 
Given a sample of rock from an unknown province, it is indispensable, ·and it is 
possible, to name aud describe it without amphibology. It is possible to determine 
from it with certainty neither the occurrence nor its geological age. 

Iddings 2 states practically the same thing in his monograph on the 
rock~"~ of Electric Peak and Sepulchre Mountain,. and other prominent 
authors may be quoted to tbe same end. There can be no doubt that 
nothing is more needed to advance petrographic science than the defi­
nite use of roek terms; and if it is necessary to know the c.onditions 
under which a rock consolidated and its geological age, it is evident 
that in many cases we can not name a rock at all. No mineralogist 
would const>nt for a moment to base a classification of minerals on other 
than contingent facts; and although, since rocks are in most cases mix­
tures of several minerals, a rock classification must be a classification 
of mixtures, which vary in each magma from point to point, it is never­
t;beless true tbat certain mixtures of very nearly the same composition 
and structure are found in many parts of the world, and admit of being 
charaeterized in such a way that the term applied to them m·ay be made , 
to have a definite nieaning. On the other hand, if the fact that rocks 
are mixtures be not borne in mind, the teudeucy to make rock species 
may be carried to excess. If the minerals that make up the larger 
part of most igneous rocks were great in number, a rock classification 
would require so many terms as to have little practical value; but, hap­
pily, as all geologists know, this is not the case, and, with the enormous 
advance in late years of our knowledge of the composition of rocks, it 
is perhaps not visionary to hope that a set of terms which will endure 
will soon be agreed upon for the most universal mineral mixtures. 

For many of the coarse granular rocks, in which the mineral compo­
nents are easily recognized, there is already a set of terms in use nearly 

I Structures et classification des rocheR 6ruptives, Paris, 1889, p. 34. 
• Thirteenth Ann. Rept. U. S. Geol. Survey, p. 663. 
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the world over, but with many rocks occurring as dikes, and with the 
microcrystalline and cryptocrystalline rocks, there is still much cou­
fusion. What appears to be a step in the right direction is the division 
by Fouq ue and Michel-r~evy of the plagioclase rocks in to an oligoclase­
andesine series and a labradorite-anorthite series. The former will con­
tain most andesites and diorites, and may be called the diorite family; 
the latter will contain most basalts, diabases, and gabbros, and may be 

• called the gabb'ro family. 
This. method of dividing the volcanic plagioclase rocks, the basalts 

and the andesites, has long been in use in France, and al.so "in Ger· 
many, for, in restricting the basalts to soda-lime feldspar rocks with 
not more than 56 per cent of silica/ and the andesites to those with 
more than 56 per cent of silica, nearly all the basalts are labradorite­
anorthite rocks and nearly all the andesites are oligoclase-andesine 
rocks. But the separation of diorites, diabases, and gabbros on the 
basis of the feldspars has never been systematically carried out, so far 
as known to the writer, except by the French school, and even with 
them the terms diorite, diabase, and gabbro are usetl for both interme­
diate and basic rocks, their character being indicated by the use of an 
adjective. Thus Michel-Levy speaks of cliabase andesitique (oligoclase­
andesine diabase), and diabases or gabbros labradoriqes, or anorthiques. 
If petrographers can be induced to call all oligoclase-andesine granular 
rocks diorites, and all labradorite-anorthite granular r<)cks diabases and 
gabbros, the nomenclature of the granular plagioclase rocks will be 
greatly simplified. 

Although Rosenbusch does not exclude rocks with basic plagioclase 
from his diorite group, he nevertheless remarks in the last edition 
(1895) of Massige. Gesteine, pp. 213-214, •.. "still, rocks with basic 
plagioclase are comparatively rare; oligoclase and andesine prevail." 
On page 279 he further remarks: " In the thoroughly normal gabbros 
a plagioclase more acid than labradorite can scarcely be found." 

Professor Brogger 2 has practically carried tqe scheme above noted 
into effect in a recent publication in which a scheme of the quantitative, 
chemical, and mineral composition of rocks is taken into account more 
narrowly than usual. In this way of grouping, all rocks of approxi­
mately the same mineral and chemical composition are broug!1t together 
in families without regard to their structure, age, or the mode of their 
occurrence. Thus the granite family ofBriigger will include granite, 
granite-porphyry, and rhyolite, and the diorite family (medium acid 
plagioclase rocks) both diorite and andesite .. This method of grouping 
the rocks seems to the writer 1nost desirable, and is essentially followed 
also by Miche]-J,evy, Teall, and Zirkel. A rough sketch of such a 
classification, in so far as it applies to the rocks studied by the writer 
in the Sierra Nevada, is herewith appended. This is obviously very 
incomplete, and, moreover, contains practically nothing original. 

t Ros~nbusch·s Massige Gesteine, p. 702. 
·•Die Eruptionsfolge der triadischen Eruptivegesteine bei Piedazzo in Siidtyrol, Kril!tiania, 1895, p. 60. 
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The feldspars, usually the most abundant element, are the main basis 
9f classification in the feldspathic rocks. The ferromagncsian elements 
offer a convenient means of distinguishing. the rock species. Four 
grades of crystallization can be discerued in most of the families, the 
three :first being holocrystalline, viz: 

1. Macrocrystalline; the elements determinable without a micro~cope. 
2. Microcrystalline: the elements determinable only hY the aid of a microscope. 
3. Cryptocrystalline: although, like the others, entirely crystalline, the elements 

are in large part too small to be identified even with the niicroscope. 
4.. Glassy, 

The above terms refer only to optical analyses; of course any con­
stituent of any rock, coarse or :fine, that can be separated from the other 
elements can be determined by chemical analysis. 

GRANITE FAMILY (alkali feldspar and (lUartz). 

Granite: structure hypidiomorphic or granitic. 
Biotite-granite. 
Horn blonde-granite. 
Augite-granite. 

Granulite Michel-Levy (aplUe Rosen busch): structure granulitic. 
Granite-po1-phyry (microgran.ite Michel-Levy in· part): groundrnass microcrystalline. 
Quartz-p01-phyry (rhyolite-porphyry): groundmass cryptocrystalline. 
Rhyolite. 

QUARTZ-DIORITE FAMILY (oligoclase-andesine-feldspars and quartz). 

Qnartz-diurite: structure hypidiomorphic or granitic. 
Quartz-diorite-porphyry: groundmass microcrystalline. 
Dacite-porphyry: gronnclmass cryptocrystalline. 
Dacite: structure microlitic or glassy. 

SYENITE FAMILY (alkali-feldspar). 

Syenite: structure granular.· 
Hornblende-syenite. 
Mica-syenite. 
Augite-syenite. 

Syenite-p01·phyry: gronndmass microcrystalline. 
TTachyte-porphyry: gronndmttss cryptocrystalline. 
T1·achyto: structure microlitic or glassy. 

DIORITE FAMILY (oligoclase-andesine-feldspars). 

Diorite: structure granular. 
Horn blonde-diorite. 
Mica-diorite. 
Augite-diorite. 

DiorUe-pmJ!hYi"Y: groundmass microcrystalline. 
Andesile-po1-phJJi"Y: gronmlmass cryptocrystalline. 
Andesite: structure microlitic or giassy. 

Hornblende-andesite. 
Augite-andesite. 
Hypersthene-andesite. 
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GABBRO FAMILY (labradorite-anorthite-feldspars). 

Gabbro: structure granular or poikilitic. 
Hornblende-gabbro. 
Pyroxene-gab bro . 
.Micu· gab bro. 

Diaba•e: structure diubase-granular (often ophitic). 
Hornblende-diabase. 
Pyroxene-tlia base. 

Diabase-porph!J1'!J: gronndmuss microcrystalline. 
Basalt: structure microiitic or glassy. 

Olivine-free lmsalt= labradorite .Michel-Levy. 
Olivine-basalt. 

PYHOXENITI~-P~;J{IDOTITE FAMILY (pyroxene and olivine), 

Peridotite (pyroxene and olivine). 
Peritloti te- porphyry. 

Pyro.renite (pyroxene only). 
Pyroxenite-porphyry. 

In order to show with some exactness tlJe range in chemical compo­
sition of the difl'erent rock families above indicated, there have been 
prepared tables of analyses, chiefly of rocks collected by the writer in 
the Sierra Nevada. These analyses are of fresh rocks, and were made 
chiefly in the laboratory of the United States Geological Survey by 
Messrl'. :Hillebrand, Stokes, aiJd Steiger, whose record for accurate 
work is well known. 

THE GRANITE FAMILY. 

Since quartz or free silica and alkali feldspars, the most acid of the 
feldspars, are the chief constituPnts of the rocks of this family, it fol­
lows that it composes the most acid igneous rocks. The silica ranges 
from G6 to 76 per cent or more. In most cas.es the alkalis together 
amount to more than 6 per cent, and more than double the amount of 
lime. The iron oxides and magnesia are always low. 

The macrocrystalline portion Of the granite family may be dtvided 
into-

Granite, charaeterized by the granitic or hypidiomorphic structure. 
There is nearly always some soda-lime feldspar and mica and often 
hornblende present in addition to the quartz and alkali feldspar. 'I.'he 
quartz and the alkali feldspar crystallize after the soda-lime feldspar 
and the ferromagnesian constituents. · 
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Trace? Traco? ........ Traee. None. 

.lG 'rTace. ·--·--·· . 09 . 02 

. 74 . 28 }..Tone. I .08 :22 

1.82 3. 79 2. 75 5. 69 5.17 

4.24 2. 69 2. 81 2. 89 1. 91 

None. Trace. ·-····-· Trace: I Trace. 
.11 I .07 ·····--· . 42 . 53 

3. 32 4.51 

. 03 .02 
H 20 ai.Joye110oC.... .41 ·.62 1.00 ....... .51 ....... ' .2:J 1.42 .57 _-24 .34 .68 .R5 ....... 1.35 .3511.0~ 
P,05 .................. 18 .15 .-11 ···--··1 .10 ........ 07 .11 .09 Trace .03 .08 .uo ........ 07 .00 Trace. 
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Granulite or aplite, charaeterized by the granulitic structure, in whic4 
the quartz may show a tendency to idiomorphic development., but both 
the quartz and the a.Ikali feldspar appear usually to have crystallized 
at the same time. Granulite occurs· very abundantly in the Sierra 
Nevada as dikes, chiefly in granite and quartz.diorite. It may be 
regarded as representing the acid remainder in a granite or quartz-dio­
rite magma after the more uasic elements have crystallized, and it will 
be noted that it is composed of the two elements that are the last to 
crystallize in the ordinary granites and quartz diorites, namely: quartz 
and alkali feldspar. At a late period, after the main mass of the grani­
toid rock has crystallized, the granulite is forced up ft·om below and 

_ fills previously formed cracks, whieh are perhaps the result of cooling. 
Viewed in this light, evidently granulites stand in a genetic relation to 
the more basic granites, with whiclt, in the Sierra Nevada, they are 
mostly directly associated. 

Pegmatites, as is well known, are closely related in composition and 
origin to some granulites. The granulitic structure and the pegmatoid 
or micropegmatoid stmcture are often to be seen in the same granulite 
dike. 

The microcrystalline granites are usually porphyritic, and have been 
chiefly called granite-porphyries. In some cases where there are no 
phenocrysts, but the rock is even-grained, it may be ealled a micro­
granite, or, indeed, this term may with much reason be given to all the 
microcrystalline granites, whether porph);ritic- or not. It should be 
noted, however, that the term "microgranite" as now in use would not 
coincide with the above defimtion. On Pl. XLI A, the photomicro­
graph of No. 40 S. N. shows the structure of a typical granite-porphyry. 

The cryptocrystalline granites include quartz-porphyry (rhyolite­
porphyry), restricting this term to those porphyritic rocks in which the 
groundmass is essentially crystalline, without any reference to age, and 
the "porphyries ~'\, quartz globulaire," as Michel·Levy calls them. An 
example of this latter rock is represented in the photomicrograph of 
No. 247 Amador, Pl. XLI B. The cryptocrystalline granites may occur 
as dikes, but appear chiefly to form the deeper-seated portions of surface 
flows. 

The fourth structural type, the glassy, is represented by the rhyolites 
proper (in whieh glass forms a groundmass wherein phenoerysts of 
sanidine, mica, and sometimes other minerals are developed), rhyolitic 
glass or true obsidian, and pumice. Such rocks probably are always 
the product of rapid cooling, and may always be regarded as eminently 
surface lavas. While rhyolites are generally considered as the effusive 
form of the granite magma, it is evident from the composition that 
tlwse from the Sierra Nevada are not so closely related to the granites 
of the Sierra Nevada as to the granulites. 
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Localities of 1'0cks of the granite farnily referred to in the table of analyses. 

No. 39 S. N. Porphyritic granite. Monnt Dana area. One-fourth mile northeast of 
Lake Tenaya. · 

No. 303 S. N. Biotite-granite. Downieville area. Indian Valley. 
No. 22 S. N. Soda-granite. Bidwell Bar area. North side of tho Middle Feather, 

opposite Enterprise. 
No. 372 S. N. Granite. Mariposa area. Granite quarry near Raymond. 
No. 1485 S. N. Biotite-granite. Big Trees area. Canyon of tlw North Tuolumne, 

associated with the gneiss series. 
No. 1523 S. N. Soda-granulite. Sonora area. Dike east of Moccasin Creek. 
No. 413 S. N. So<la-granite. Merced area. Abont 5 miles west of the town of Mari­

posa. 
No. 725 8. N. Soda-granulite. Bidwell Bar area. Dike in the serpentme of Grizzly 

Hill. 
No. 399 S. N. Micropegmat.ite. Merced area. Bank of Agua Fria Creek; part of 

the same area a~ No. 418. 
No. 227 S. N. Granultte. Downieville area. Dike in quartz-mica-diorite east of 

,Milton. 
No. 161 S. N. Granulite. Downieville area. Dike in quartz-mica-diorite about 7 

miles nearly east of the Sierra Buttes. 
No. 1639 S. N. Soda-grn,nite-porphyry. Sonora area. South side of the Merced 

River, a JitUe downstream from the mouth of the North Fork. 
No: 40 S. N. Granite-porphyry. Mount Dana area. A little west of Lake Tenaya. 
No. 565 S. N. Soda-granulite. Bidwell Bar area. Big Bend .of the North Feather. 
No. 151 Amador. Quartz-porphyry. Jackson area. Streak in the amphibolite-

schist. 
No. 553 Calaveras. Quartz-porphyry. .Jackson area. One and one-half miles north­

east of Milton. 
No. 323 Plumas. Quartz-porphyry. Downieville area. Grizzly Mountains. 
No. 128 Plumas. Quartz-porphyry schist. Downieville area. Ridge just southwest 

of Bunker Hill. 
No. 1675 S. N. Rhyoliie. Downieville area. Two and one-half miles east of Penman 

Peak. 
No. 126 Amador. Rhyolite. Jackson area. Butte just south of Buena Vista Peak. 

THE QUARTZ-DIORITE FAMILY. 

The macrocrystalline portion of the quartz-diorite family shows the 
hypidiomorphic structure to perfection. Intermediate soda-lime feld­
spars and quartz are the essential constituents, and ferro-magnesian 
elements, with a variable amount of alkali feldspar, are usually present . 

. The quartz is nearly always interstitial, but in some cases quartz grains 
are distinctly inclosed in the alkali feldspar. 'rhe quartz-mica-diorite 
No. 6!:11 s: N., of which a photomicrograph is represented on Pl. XLII, 
is more basic than normal, the soda-lime feldspar varying from oligo­
clase to basic labradorite, but it illustrates well the granite structure of 
the quartz-diorites, which, indeed, grade over into hornblende granites. 

'rhe quartz-diorite-porphyries are very similar to the granite-por-
phyries in structure. (See Pl. XLIV, B.) · 



Analyses of 1'oc/cs of the quartz-diorite family-01igoclase-ande8ine and qum·tz. 

Basic quartz-diorites. I Quartz-mica-diorites (granodiorites). 

No.14951- No.225 
S.N.a S."'.a 

Quartz-diorite­
porphyries. 

"'0- 304 
S.N.a 

No.1689 
S.N.c 

No.936 "'o.691 I Ko.3451 No.369 No.17 I El 1 Ko.71 I No.1490 
S.N.a S.N.b Plumas.c

1 

S.N.a S."'.a 
1

Capitan.d S.K.a S.N.a 

_P_e_r_c-en_t_.I_P_e_r_c-en-t. _P_e_r_c_e_n-t. _P_e_r_c_e::; _P_e_r_c_e7-,t-.' _P_e_r_c_e_n-t. -1-'e_r_c-en-t. _P_e_r_c_e_n_t. _P_e_r_c_e_11_t. j Per cent. 
1 _P_e_r_c_e_n-t.-~ Per cent. 

SiO, .. --------.----------------.------.------.--. 55. 86 57. 26 57. 80 I 59.68 59. 83 62. 62 63. 43 I 66. 40 07. 33 69. 6G 66. 65 I 72. 24 

~:;~: :::::::::::::::::::::::::::::::::::::::::::: ____ ~~:- ~~ _ ;:~~~ ~:~~ ~:~~~ :::::::: _____ ~~: ~~ _____ 14: ~~ _ ~--->~:- ~~- ____ ~~: ~~ _____ ~~:-~~ _____ ~~::~_I _____ ~~:~~ 
Fe20 3 ------ ......... __ ...... ______ ........ .... .. • • 91 3. 27 1. 62 2. 85 ----...... . 49 1. 54 ---- ... ---! . 1. 90 . 21 

FcO.............................................. 4.78 5.19 
1 

6.51 2.75 ......... 4.06 4.56 3.77 1 1.59 1.04 

MnO.--.-. ---------------------- · ·------- ·-- .. · .. 

. 93 

1. 67 

. 07 

l. 45 

L 86 

.12 

KiO ............. . 

CaO- .. --. --- · · · · · · ·- - ---- - - ------- · · · 

SrO ---- .. ---------------- ·---- · 

.16 
-Trace. 

7. 31 

. 04 

. 18 . 18 Trace. .. .. .. .. . . . 05 . 03 . 30 'I . 09 : Trace. 

Tr:~:; I 7:~~ N;~:~ -----~:~~- -----~:~~- -----~:~~- -----~:~~- -----~:~; N:n:~ ........ , ......... . 
4. 44{ 

3. 40 

Na.O. 

Li,O .......... -------------- .... 
H 20 below 1100 C ........... ____ .... .. 
H

2
0 above 1100 C .. ______ .. __ ... __ .. _ 

P 20 5 .. 

co,.-----

. 131 
2.94 

1. 52 

3. 52 

Trace. 

.19 

1. 23 

. 38 

None. 
. 39 

. 06 Trace! Trace. . .. .. .. .. . Trace. Trace. .. _ ... __ .. Trace. . 05 

. 10 . 09 . 04 . .. .. .. .. . Trace. . 06 .. . .. .. .. . . 08 . 03 

3. 41 4. 14 - 3. 54 ... -- .. -- ., 2. 84 2. 35 . 97 1. 63 -58 

2. 93 2. 29 ' 1. 31 1. 69 : 1. 76 2. 19 2. 08 2. 46 

2. 65 2. 35 : 3. 87 3. 53 I 3. 49 I 3. 49 i 4. 49 I 3. 76 

None. 
1

1

•••••••••• Trace. Trace. Trace. 
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Trace. Trace. 
. 20 

. 95 
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Dacite·porphyries with a cryptocrystalline groundmass are very 
abundant in the Sierra Nevada, if we reckon here, as seems logical, 
the altered quartz-bearing andesites (quartz-porphyrites, Rosenbusch) 
which are shown on the various folios. already issued. The rocks of 
the Sierra Buttes ridge, although some of these approach in composi­
tion the quartz-porphyries, would perhaps be placed here by some 
authors. Especial attention is called to the fact that nearly ail the 
rocks called quartz.porphyrites on the .Jackson and Placerville folios 
and in the writer's paper in the Fourteenth Annual Report are altered 
dacites or dacite-porphyries. 

Dacites with a glassy groundmass have not certainly been recog­
nized by the writer in the Sierra Nevada, unless we place here the acid 
andesites like 209 S. N. (table of diorite analyses) or 350 Plumas County,t 
the silica content of each of which is over 66 per cent, arguing that no 
rock chiefly oligoclase can contain so much silica without free quartz 
being present. The same would apply to the apo-andesite or apo-dacite 
(porphyrite), No. 25 S. N., in which no quartz was determined by the 
use of the microscope. Indeed, if the analyses of these three rocks and of 
No. 1829 Cascade Hange, in all of which no quartz has been detected, be 
compared with analyses of undoubted dacites they will be seen to closely 
correspond. It is more than probable that many of the rocks mapped 
as quartz-porphyrites were originally dacites; that is to say, they may 
have had more or less glass in the groundmass, which has been devit­
riiled. The writer has uot been able, however, to find any criteria by 
wl1ich it can in many cases be determined whether a finely granular 
groundrna;;;s represents a devitrified glass or was originally crystalline, 
although recognizing that there are instances when the original glassy 
natui·e of the rock is beyond question. 

Localities of 1·ocks of the qnartz-d,iorite family refm·rcd to in the table of analyses. 

No. 1495 S. N. Quartz-diorite. Big Trees area. Be(l of Bear Creek. Basic 'facies 
near contaet with the gneiss series. 

No. 225 S. N. QuarLz-wica-diurlte. Downieville area. East of Milton. 
No. 936 S. N. Quartz-pyroxene-diorite. Sonora area. About lt miles southeast of 

Sonora. 
No. 691 S. N. Quartz-mica-diorite. Bidwell Bar area. About lt miles southwest of 

Merrimac. 
No. 345 Plumas. Quartz-mica-diorite. Downieville area. One and three-tenths 

miles northeast of Penman Peak. 
No. 369 S. N. Quartz-n;tica-diorite. Mariposa area. Chowchilla River. 
No.17 S. N. Qnart>~-mica-diorite. Smartsville area. Two miles northeast of Bangor. 
El Capitan. Granodiorite or quartz-mica-diorite. Yosemite Valley. Taken from 

Fortieth Parallel Survey reports. 
No. 71 S. N. Granodiorite or quartz-mka-diorite. Downieville area. Southwest base 

of Mount Ingalls. ' 
No. 1490 S. N. Quartz-diorite. Big Trees area. Bed of Bear Creek at contact of 

granodiorite and gneiss series. Dike cutting both of these rocks. 
No. 304 S. N. Quartz-diorite-porphyry. Downieville area. Dike in the granite of 

Indian Valley. 
No. 1689 S. N. Q•;artz-diorite-porphyry. Jackson area. Southeast of Milton and 

north of Rock Creek. 

1 Fourteenth Ann. Rept. U, S. GeoL tiuHey, Part II, p. 490. 
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THE SYENITE FAMILY. 

The syenite family may be designated as that group of igneous 
rocks composed chiefly of alkali feldspars; that is to say, of orthoclase, 
microcline, anortlwchtRe, and albite. Quartz and soda-lime feldspars 
are often present in small amount, and there are usnallyferromagnesian 
elements in these rocks. The most acid feldspar of the group, albite, 
when pure, contains 6R per cent of silica; hence, in a rock composed 
entirely of albite the silica content may reach 68 per cent. This is 
nearly realized in soda-syenite porphyry, No. 1521 S. N., and in a por­
phyry from the Coast Ranges, No. 76 Knoxville 1 collection, and also in 
455 Plumas. 

The augite-syenite No. 30 is a pebble from a Carboniferous conglom-. 
erate in Amador County, Cal. ldiomorphic augite and plagioclase are 
inclosed in later orthoclase, which is quite fresh. veucoxene from 
ilmenite is present also in the orthoclase. No. 165 S. N. has been 
called an augite-syenite,Z but the soda-lime feldspars are in too large 
amount for even an augite-syenite of the monzoni type, and therefore 
No.165 is here placed with the pyroxene-diorites. (See table of analyses 
of quartz-diorites.) Mr. W. Lindgren 3 has, however, found a rock that 
may be called monzonite, near Nevada City. 

In the description of the Downieville area a dike of pyroxene-syenite 
(No. 284 S. N.) is noted, and also one in the description of the Sonora 
area (No. 950 S. N.). 

Hornblende-syenite.-In 1893 Prof. C. D. Walcott brought back from 
Deep Spring Valley, in· Inyo County, a gray, rather coarse-grained 
granitoid rock, which was given to Mr. J. S. Diller for determination, 
and was by him referred to the writer, as being the one most interested 
in the regiou in question. This rock proved to be hornblende-syenite. 
A partial analysis (No. 882 S. N.) is given in the table. It is composed 
of orthoclase, microclinc, plagioclase, green homblende, titanite, apa­
tite, and a little quartz. According to Dr.· Oscar Loew,4 syenite is 
found intrusive in Silurian limestone near Cerro Gordo. He states that 
tue syenite is made up of oligoclase, orthoclase, hornblende, and a little· 
quartz. There is also an area of hornblende-syenite in the northwest 
portion of the Big Trees area. 

-------------------------------
1 No. 76 Knox. is a pebble from a Cretaceous conglomerate near Knoxville, Napa County, Cal. Soc 

Mon. U.S. Geol. Survey, VoL XIII, p. 144. Examination with the microscope shows it to be chiefly or 
entirely feldspar, and tho composition makes it certain that the feldspar is chiefly albite. 

•Jour. c::' Geology, Vol. III, 1895, p. 390, and A.m. Geologist, June, 1896. 
'The gold-quartz veins of Nevada City and Grass Valley districts: Seventeenth A.nn. Hept. U.S. 

Geo!. Survey, Part H. 
•Ann. Rept. Wheeler Survey, 1876, p. 63. 



Analyaea of rocks of the ayenite family-Alkali feld8Jiara. 

N 3 I ~ - Soda-syenite porphyries. o~~~~thyb~)e t(~No- r s I Trachytes. I Tuff-like trachytes. 
o. 0 No. 882 S. No. 4o5 · · No. 36 . 

Amador, IN., horn- Plllmas, _ N., Table 
augite- blende- soda · ~fountain . 

syenite. a syenite. bl syenite. c :N'o. 452 N,o- 1522 No. ~521 I No. 76 :N'o. 219 No. 352 basalt. c .

1

.FromBol·f ~o. 86 ,J;<o. 85 N~>-1420 
S.N.d S.N.a S.N.a I Knox.e PJ.nmas.dPlumas.d sena.f 'J.uol.b Iuul.lt ::;.N.c 

Per cent. .['er cent. I Per cent.j Per cent. Per cen£. Per cent., Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. ~ 
SiO, ----- .. ----------------- ·t 55. 45 59. 48 66.54 -------- .. , 66. 81 67. 53 68. 80 53. 98 I 55. 29 56.19 57. 97 59.88 61.09 62.33 

;1: :: :: : I : /'"~1+ T:~~ I : :: J ':~ ;:f : I :I '~~ 
CaO ---- ---- ---- ------ ------ - --------- -~ 5. 94 . 431 . 49 1. 03 . 55 .... --.... 2. 78 3. 08 6. 53 5. 53 5. 09 4. 94 3. 23 
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K,O ---- .. -------------- --.. 5.18 5. 75 . 89 ). 151 . 071 . 10 0. 91 I 4. 88 5. 58 
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Soda-syenite.-In the writer's former report 1 on the Sierra Nevada, 
record was made of tbe occnrreuee of white dikes in the serpentine 
near l\feadow Valley, Plumas County. Some of these dikes are earn­
posed of eoarsely granular albite only (see No. 455 Plumas, in the table 
of analyses). Such a rock may be called an albitite. Other qikes in the 
immediate neighborhood of the albitite dikes contain quartz in addition 
to the feldspar, forming a soda-granulite, as the term is used by Michel­
Levy, or a soda-aplite, following Roscnbusch . 
. Soda-syenite and soda-syenite-porphyry dikes occur also in Tuolumne 

ColliJty, alimg the Mother lode, and some 11otes concerning them are 
published iu the dcscriptiou of the Sonora area. 

In the Sierra Nevada soda~syenite-porphyries occur entirely as dikes 
so far as knowu. The microcrystalline nature of the groundmass and 
the porphyritic feldspars are well seen in the photomicrograph of No. 
4G Tuoluume, Pl. XLIII. These soda-feldspar dikes appear to be often 
associated with gold deposits, and some 110tes illustrating this associa­
tion may be found in the American Geologist for J nne, 189G~ and in the 
descrip.tion of the Sonora district. 

'rhe rock described by Dr. Charles Palache 2 as contf,lining a blue 
soda-hornblende, called by him crossite, appears to be very similar in 
mineral and chemical composition to sol!le of the soda-syenite dikes 
collected in the Sonora area. Dr. Palache's material came from a bowl­
der in the coast ranges near Berkeley, but was presumed to be oflocal 
or1gm. It may have come from a dike in the neighborhood. 

In this connection it is interesting to note that Dr. }1', L. Ransome3 

fouud granular masses of albite feldspar in the contact zones of glau­
cophane-schists about serpentine and fourchite areas on Angel Island. 
The association of a soda-feldspar and a schist composed of a soda­
hornblende is suggestive of a genetic connection. Although Mr. Ran­
some did not regard the masses of soda-feldspar as representing igneous 
material, the known occurrence of these soda-feldspar dikes in and 
near serpentine suggests that these albite masses on Angel Island are 
in reality portions of igneous dikes. That such dikes exist in the coast 
ranges is l>eyond question. 

As above noted, pehbles of a soda-feldspar-porphyry are found in the 
Cretaceous at Knoxville, and l\Ir. H~ vV. Fairbanks, iu a remarkably 
interesting paper on the geology of Point Sal,4 notes the occurrence 
of white dikes cutting the serpentine at Point Sal, in the northwest 
portion of Santa Barbara. The feldspar was not determined, but 
the facts given by Mr. Fairbanks about it do not preclude its being · 
albite. 

1 Rocks of the Sierra Nevada: Fourteent.h Ann. Rept. U.S. Geol. Survey, Part II, p. 477. 
'Bull. Dept. of Geo\., Unil·. of Cal., vol. 1, p.l82. 
•Geology of ~<l.ngellslaud: Bull. Dept.. of Geol., Univ. of Cal., vol. 1, p. 211. 
•Bull. Dept. of Geol., Univ. of Cal., vo\. 2, No.1, 89u, pp.l-91. 
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The contact zones of glaucophane-schist on Angel Island, described 
by Hansome, consist in part of schist made up almost entirely of 
glaucophane. It is certainly difficult to understand the formation of 
such a rock from a sandstone or shale without the addition of material 
not originally in these rocks. The occurrence of. glaucophane need1es 
in certain sedimentary rocks, as noted by Ransome, does not prove 
tl1at those masses composed chiefly of glaucophane were derived from a 
clastic rock. If it be snpposcd that the glaueophane-sehists are in part 
built rip of the material of soda-feldspar dikes, it is evident that they do 
not represent a contact-metamorphic phenoweuon, for the dikes are, at 
all points known, later than the serpentine. The singular manner in 
whieh these dikes arc intruded along the contact of the serpentine 
and the adjacent sedimc11tary masses to the southeast of Coulterville, 
as noted in tile descriptio11 of tile Sonora ~trea, ofl'ers a plausible expla­
nation of the migin of the streaks of glaucophane-schist on Angel 
Island. The writer merely offers the above as suggestive of tile advisa­
bility of a reexamination of tht< subject of the origin of glaueophane­
schist in the Coast Haugcs. Dr. Ransome's careful work throws the 
burden of the doubt on the 11ew hypothesis. 

l're-Cretaeeons surface or voleanie r(wks of the syenite family or tra­
cllytes are known in the SierraN evada only in Plumas County, where 
they occnr as tuffs in the Robinson fornmtion (Upper Carboniferous). 
These are further mentioned in the description of the Downieville area. 
Sneh rocks may be ealled orthophyre-tuffs, or, wlHm devitrified, apo­
traehyte tnfl's. 

Tertiary trachytes are known thus far only in the area of the Big 
Trees sheet. They oceur both as tuft's (?)and massive flows, the latter 
strongly resembling basalt in macroscopic appearance. They are 
plaeed with the trachytes chiefly on the basis of their chemical com-· 
position. Indeed, the Tuolumne Table Mountain basalt has so high an 
alkali content that it is placed in the table with the trachytes for com­
parison. This flow can be traced from Knights Ferry, in Stanislaus 
County, aeross the Sonora area iilt·O the Big Trees district, not far from 
where speeimens 85 and 86 Tuolumne were collected. 

As the writer has only cursorily examined these trachytes, 'the mat­
ter of tlJeir classification will not be further considered at present. 
No.14~0 S. N. is a tuff-like trachyte from an area 3~ miles southwest of· 

Clover Meadow, 'fuolumne County. Included in tlJis fragmental-looking 
lava there are sometimes minute, glassy, blaek partieles resembling 
lignite, and these are presumably responsible for the carbon shown in 
the analysis. 

The analysis of the trachyte from Bolsena is taken from Zirkel's 
Petrography, 1893, Vol. II, p. 378. It shows more lime and less silic~ 

. than most of the analyses given by Zirkel. 

• 



• 

730 GEOLOGY OF THE SIERRA NEVADA. 

THE DIORITE FAMILY. 

Since oligoclase is the most acid constituent of this group (except 
accessory quartz, etc.), the highest silicia content of a diorite or andesite 
should not often exceed 63 per cent. As a matter of fact, three of the 
analyses given, Nos. 209, 1829, and 25, show more than 66 per cent of 
silica. It is more than probable that these rocks contain free silica, . 
although its presence has not been microscopically demonstrated, and 
that they properly belong with the dacites in the quartz-diorite family. 
, The term andesite-porphyry, not having been much used/ needs sorne 

explanation. No. 16 in the table of analyses is called an andesite­
porphyry. The ground mass of this rock is fine granular ( cryptocrys­
talline), and this is an original structure and not the result of devitrifi­
cation. The writer would not call, at present at least, a porphyritic­
andesite an andesite-porphyry if the groundmass was undoubtedly 
glassy. 

'l'he diorites with idiomorphic hornblende, in part diorite-porphyries, 
would be called in part diorite-porphyrite by l{osenbusch. In some 
cases in the same rock mass the hornblende occurs as phenocrysts 
only-that 1s, in only one generation-and again in two generations. 
The latter facies would be called lamprophyric by Rosenbusch, 2 and 
rocks of this character, chiefly more basic than the diorites here referred 
to, he places in one group. Fig. I of Pl. XLIV, diorite-porphyry, No. 
298 S. N., shows the structure·imperfectly. Often the groundmass is 
fine granular. In a recent paper 3 Mr. W. D. Matthew describes and 
figures a diorite-porphyrite which in structure and mineral composi­
tion correspouds almost exactly to the diorite-porphyries of the Sierra 
Nevada, the chief difference being that much of the feldspar in theN ew 
Brunswick rocks is labradorite, and consequently they are more basic 
than the rocks here noted. As Mr. Matthew states, his rock may be 
called a camptonite. 

The New Brunswick diorite-porphyries are dikes in rocks referred 
to the Laurentian. Mr_ Matthew says: ''They are singularly like the 
basic segregations in the granite, which latter they cut in several 
places, and are perhaps to be connected with it as the last member of 
the intruded series, injected after the rest had solidified." 

In the Sierra Nevada, diorite-porphyry occurs almost solely as dikes; 
the only mass known to the writer that can be called an area is shown 
on the Jackson geologic map 2 miles northwest of Volcano, and is a 
mile in length. 

•It is user! in the text of the-Three Forks folio, No. 24, of the Geologic Atlas of the United States. 
2Ma"sige Gesteine, 1895, p. 388. 
•Tho ofl'usive and dike rocks near St. J olm, N. B.: Trans. N.Y. A cad Sci., Vol. XIV, p. 210. 



· Analyses of l'ooks of the di01·He farnily-Oligoolase-andesinefeldspars. 

Diorites w~h idiornorphic hornblende. J ;.~ - Hornblende-pyroxene-andesites.! Hypersthene-andesites. 

~' 0· 16 I I No. 25 

I ' I - ~~~-: I I I S. N., 
No. 938 blemle- "Je0~~-

l S. ~-· No. 817 No.16J No. 935 No. 4661No.1481 ande- No. 69 No. 721 No. 2621 No· 123 No. 661 No. 209 No. 1829 or 
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rite. b phyry.b . nte. c 

I I 
. I Pe~ ct./ Per ct.f Per ct./ I'~r ct. I'

0

er ct. I Per ct. P:r ct. 1 Per ct.l Per ct. Per ct. Per ct. Per ct.

1 

Per ct I Pet, ct.l Per ct Per ct. ~~ Per ct. 
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Cr20 3 .................. .. ... None. l4.Sl 
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09 
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Fe,O,.................. ........ 6.44

1 

2.60 1.81 1.71 1.69 -~----~--1 2.771 3.12 :........ 3.34 3.6.;1....... 2 3o 1.41 1.2u .26 

FeO.................... ........ ... 5.98 5,15 5 03 3.86 5.09 ..... 3.90 I 2.69

1

1........ 2.64 2.281--·----- 4.43 1.87 2.08 3.40 

M_no ........................... _....... .22 .18 .1: .o8 .14· ....... .15 .12 ...... .13 .12 ........ .18! .13 .1o .15 

NtO .................................... N.one.. .05 .Oo ·.... None. ....... .03 ·--·--------·--·1------· ------~-------~dTracel ....................... . 
CaO.............. ..... . 4. 2 10.4 7. 891 S. 44 7. 74 5. 53 6. 941--..... 7. 98 6. 041 7. 13 6. 60 6, 45 6. 331 7. 53 4. 77 3. 80 3. 22 

SrO .................................... None. Trace. Trace.· Trace. Trace.
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... _..... .06 Trace. ........ .05

1 

.04 1........ .0! .05 .02 eTrace. 

BaO ................................... None. .05 .05 .05 .07 ........ .04 .uJ........ .09 .11 ........ , .11 .07 ,09 .10 
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None. Trace. Trace. Trace. Trace .... , .... I Trace. I Trace ......... Trace. Trace ......... dTrace.
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Trace. Trace.

1

1 ]"one. 
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It is not a little· singular that these dikes, usually but a few inches 
in wiflth, should be found over the entire length of the Sierra Nevada, 
so far as surveyed, and yet form scarcely any areas large enough to be 
put on the maps. It can hardly be supposed that a huge batholite of 
this material underlies the Sierra Nevada, only a small amonntof whieh 
has been squeezed up in cracks forming the dikes. It seems much more 
likely that the diorite magma is a differentiation produet, perhaps of 
the quartz-diorite, and that it nowhere forms a reservoir of any size. 
It may indeed he compared in this respeet with the potash-granulite 
dikes, which the writer regards as a difierentiat!ou product of a granite 
or quartz-diorite magma. It is not impossible that in these diorite­
porphyries and the potash-granulites we have an example of "comple­
mentary"' rocks, as Brogger uses the term. 

While the writer would not regard this as more than possible at 
present, it may be seen that the average composition of one of the 
diorite-porphyries and a granulite is strikingly similar to the composi­
tion of ·a granodiorite, as is shown by the following analyses: 

Analyses of complementary (?) rocks. 

I_ No.1481, di:---~,-~o. 227~~/u~e{:f1" ,::;d ~~o _71~ 
nte-porphyry. granulite. 1 ~:n. / granodwrite., 

. 1---1 I I 

Per cent. ./ Per cent. i Per ::.ent. Per c,ent. 

Silica _ .. __ .. _ .. _. _ _ _ _ 55. 18 I i5. 97 i 65. 5i 67. :33 

Alumina_ ... : .. ·-··-- 17. 351 13.091
1 

15.22 15. H3 

7.981 1.49 ~ 4.73 4.0H 
4. 8o . 14 1 2. 41 1. 63 

I. 42 I 5. 62 i 3. 52 2. 46 I 
3. 42 1 2. 51 ! 2. 96 3. 76 

---- ----- - __j 

Lime ... ·---····-·-·--
Magnesia __ .... ...... _ 

I . -

I Pota~~~~:::::::::: :_:_:: __ _ 

It is evident, however, that such a eomparisou as instituted above, 
to have much value, should be based on the average composition of 
the diorite-porphyries, granulites, and granodiorites, dedueed from a 
series of analy<'es of each of these rocks. 

Localities of the 1'ockB of the diorite jarnily given in the table of analyses. 

No. 534 S. N. Uralite-diorite. Bid well Bar area. Forbestown Rillge. 
No. 938 S. N. Diorite-porphyry. Sonora area. Dike m quartz-pyroxene-diorite. 
No. 817 S. N. Diorite. Bidwell har area. Dike ( ~) in quartz-mica-diorite.· 
No.l655 S. N. Diorite. Srnartsville area. Dike in quartz-diorite. 
No. 935 S. N. Diorite-porphyry. Sonora area. Dike m quartz-pyroxene-diorite. 
No. 466 Plumas._ Diorite-porphyry. Bidwell Bar area. Dike iu quartz-mica-diorite. 
No. 1481 S. N. Diorite-porphyry. Big Trees area. Dike iu the gneiss series of the 

North- Tuolumne. 
No. 16 S. N. Andesite-porphyry. Downieville area. Part of a massive flow. 
No. 69 Plumas. Andesite. Downieville area. Bowlder in the andesite-breccia. 

1 See definition in glossary at tile end of this chapter. 
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No. 73 S. N. Andesite. Downieville area. Bowlder in tho andesite-breccia. 
No. 362 S. N. Anuesite. Downio,·illo area. J,argo dike southeast of Poker Flat. 
No. 123 Plumas. Andesite. Downieville area. Two and four-tenths miles south-

west of Eureka Pe:tk. 
No. 661 S. N. Hypersthene-andesite. Bidwell Bar area. Top of Franklin Hill. 
No. 209 S. N. Hypersthene-andesite~ Downieville area. High point northeast of 

Goodyears Bar. 
No. 1829 Cascade Range. Prom Lassen Peak. J. S. Diller. 
No. 25 S. N. Ohl andesite or dacite-porphyry. Placerville area. Southwest of 

Latrobe. 

THE GABBRO FAMILY. 

Since tlle two prominent constituents of the gabbro family, basic 
feld,;par and a metasilicate, usually augite, do not contain more tllan 
54 per cent of silica, most rocks properly referable to this group will 
usually contain less than 54 per cent 9f silica, as there are generally 
more basic elements present. 

'rlte single analysis in the table (No. 36) that shows a higher sil1ca 
content is of a peculiar basaltic rock, as noted uHder the syenite family. 
The amount of alkali is so large that it may be almost regarded as an 
abnormal trachyte. (See description of trachytes under tlte head of Big 
Trees area.) 

Localities of rocks nf the gabbro fa1nily of wll'ich imalyses a1·e given in the table. 

No. 892 S. N. Orbicular gabbro. Downieville area. One mile east of Penman Peak. 
No. 705 S. N. Gabbro. Bidwell Bar area. Bucks Mountain. 
No. 158 Plumas. Gabbro. Downieville area. East slope of Eureka Peak. 
No. 4A6 S. N. Diabase. Sonora area. ·:Northeast of Hornitos. Dike in sedimentary 

schists. 
No. 226 S. N. Diabase-porphyry. Downieville area. Dike in q uartz-mica-cliorite.. 
No. 26 S. N. Melaphyre tnff. Jackson area. 'Nest of .Jackson. 
No.19 S. N. Pro-Cretaceous tuff. Snmrtsville area. Near Honcut Creek. 
No. 276 Plumas. Older basalt. Downieville area. Near Red Clover Valley. 
No. 18 S. N.. Olfler basalt. Chico area. Oroville Table Mountain. 
No'. 314 and 311 Plumas. Dolerite. Downieville area. Mount Ingalls. 
No. 667 S. N. Late basalt. BiJwell Bar area. One and one-half miles we~t of Frank­

lin Hill. 
No. 36 S. N. Table Monntain basalt. Sonora area. Tuolumne Table Mountain. 

THE PERIDOTITE FAMILY. 

This group of rocks is made up ehiefly of ferromagnesian minerals, 
with certain accessory elements, such as magnetite and chromite. The 
dominant char:tcteristic from a chemical standpoint may be said to be 
the high magnesia content. In the table of analyses the composition 
of the main component minerals is given to enable the reader to judge 
of the necessarily basic nature of tlle rocks of tbis family. 

The analysis of the olivine is taken from Kalkowsky's Elements of 
Litbology, p. 236. 

l'he analysis of the diallage is copied from Dana's Mineralogy, 1892, 
analysis 53, p. 360. This diallage came from the Balta Islands, Sqot­
land. It coutains 4.17 per cent of H 20, iu addition to the constituents 
given in tlte table. · 



Analyses of !'ocks of the gabbro family-Labl·adorife.anorthitefeldspar. 

G b .Altered basalt. 1 D 1 't a bro. ( 1 b ) Older bMa t. o erJ e . 
.Acirllab·1 Basic I No. 226 me ap yre · No. 667 No. ?6 S. 
radorite anorthite No. 446 ~· N., S.N., fine· N., Table 

Ab:An;, Ab:.An:: I .s. N., dmbase· I ~ . grained I Moun· 
3 , 4, O:l. No. 892 No. 705 No.158 dmbase.c por- No. 26 No. 19 No.276 No. 18 No.314 llo.311 1 basalt. a tam ba· 

S N I S N a PJu. ph)ry. c S N c S N c Pl. U· S :;r Plu· I Plu- . I salt. c 
· ...... ·a , · ..r • mas. b • · · · · mas. c. ·- · c mas. c mas. c I 

-------l--~--:-·-----------·~-·----

1 
Per cent. ! Per cent. I Per ct. :! Per ct. I Per ct. Per cent. Per cent. Per ct. Per ct. Per ct. Per ct. Per ct.

1 

Per ct. Per cent. Per cent. 
"" " 

1 
''' 

0 I " no I "" "" "' " "', 32 51. 27 49, 24 54.66 50.56 50.66 52. 81 53.91 51.21 56.19 

.D· .00 .00 .. ~ LTI L~ -~~ -~ .n .00 

~~~-I} 12_ H c~~ ~~- .. ~~-- ~~ _ .. ~~-- ~~. --~3 .. ~~ ..• ~~·. ~~ ... ~~-- 95 17. 59 ... -~~--~~ 
.fi Lhl 1.~ 1.~ ~M L~ LW ~U ~TI ~~ 

. 59 I 6. 71 8. 00 5.12 8. 90 10. 20 6. 13 I 4. 80 4. 42 4. 18 

.. .. . 04 .18 . 18 . 13 . 29 (d) . 10 Trace. .10 
.16 . 24 ........................ Trace. .. ............................... .. 

11.58 10.32 10. 74 8. 75 7. 58 8. 08 10.14 10.40 10.36 6. 53 

eTrace. Trace~ Trace. Trace.,Trace'? Trace.,Trace. Trace. ---------- fTrace. 
None. . 07 . OJ . 04 . 25 . 22 . 03 • 05 None. . 19 

7. 25 ' 10. 88 6. 8D 5. 64 4. 07 4. 45 6. 12 5. 52 7. 12 3. 79 

. 22 1. 63 . 88 . 4 7 2. l 0 L 95 1. 05 1. 34 . 91 I 4. 46 
L~ LOO ~rn ~e LN ~~ ~m ~00 aa L~ 

eTraee. Trace. Trace. Xone. Trace? I None. Trace. Trace.\ None. Trace. 

I 
.. .. .. . . . .. . .. .. .. . .. .. . . .. .. . .. . 06 . 17 I . 20 . 25 L06 . 27

1 

. :ls 1 . 20 1 
• 58 . 34 

H 20aboveJJ0°C .................... I ........................................... 95 1.16 2.97 2.48 1.12 .43 .M .20 1.07 .66 
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The analysis of the hypersthene is from a paper by Hague and 
Iddings.1 

The analysis of the enstatite, by Breidenbangh,2 is of a specimen 
from the 'rilly Foster iron mine, Maine. 
· The silica content of this. group is not likely to rise above 54 per cent 
or to fall below 40 per cent, except with a rock composed entirely of 
olivine, with a considerable amount of iron ore. By the addition of 
feldspar, usually anorthite or labradorite, the peridotites grade into 
gabbros. 

No effusive rocks that can be assigned to this group have certainly 
been detected in the Sierra Nevada. 

The serpentines, Nos.17G and 181, are not hom the Sierra Nevada, 
but were collected by the writer in Bagley Canyou, on the north slope 
of Mount Diablo, and the pyroxenite, No. 242, from the northeast 
slope of Mount Diablo.3 

Serpentines or peridotites, Nos. 302 and 325, are from the north end 
of the range, in Butte and Plumas counties. 

Analyses of rocks of the peridotite farnily-Pyroxene-olidne. 

Serpentines. 
No.242 

Oli-1-
vine.a 

Dial- Hyper- Ensta- I ~ Mt.D., 1>io.416 
lage.b sthcne.c tite.d No. 176 No.ao2 No.lBlNo. 325 pyrox- S.N.g 

Mt.D.c S.N.f Mt.D.e S.N.g enito:e 

r-~~~~~-r--------- --------- -~- -~- -~~ --

Si02 -------------

Ti02 ............ . 
Al,O, ........... . 

Cr20 3 •••••••••••• 

l<'e,Oa-------····-
FcO ........... . 

Per ct. Per ct. Per ct. Per ct. Per ct. Per ct; Per ct. Per ct. Per ct. Per ct. 
40.05 50.23 50.33 54.17 36.57 38.94 40.50 44.81 53.25 47.75 

1.98 .69 

4. 52 5. 93 

:~~ ·--~:~;- -···:~~- ---~:~~- ····:9_-~-~:::::::: -----;~- 1.88 c;:~~- 10:~~ 
.24 ........ ········ ........ .33 ........ .41 .29 .54 .24 

2.36 ··-····· 22.00 9.94 7.29 9.96 4.01 .74 
7. 14 5. 22 .............. -. . 37 . . . . .. . . 2. 04 R 34 

MnO ............ .20 ........ .64 .24 .10 .13 

.11 
.n 
. o9 I 

.09 - 10 

. 07 NiO ............ J .... ---1--------1--------~--------1 .31 • o7 I 
6. 58 16.22 CaO ............. 1.16 11.23 1.88 ......•. .14 . 11 .39 9.62 

SrO ...................................... ------ .................. -----·. None ...•.•... Trace. 
BaO .................................................................... None ......... None. 

MgO....... ... . . 48.68 21.59 23.29 31.99 40.27 39.71 37.43 30. !11 19.91 19.09 

K,O ............. .21 1.20 ...•.... } {Trace......... .16} JTrace. .12 

~~~-:::::::::::: .... :~~- .... :~~- :~:::::: .... :~~- .... :~1- :::::::: ... :~~ .15 L:~~- ;~::e. 
H 20belnwllOoC .14 .•...... ........ ........ .94 ....•... 2.81 .15 .05 .05 

I 
II,Oaboveuooc. .66 .............•.......... 12.43 ........ 10.94 6.88 .24 2.06 

P 20 6 ............. .04 ........................................ Trace. .02 ........ .03 

I CO,u ~;;;; ::;;:;;: ~~ ~ ~ ~' ;~;;: = ~~:;. ~ ~: ~;i; ;~ ~u~ 
a Chatard, anal.vst. 
b Heddle, analyst. 

c Analyst not named. 
d Breidenbaugh, analyst. 
e Melville, analyst. 

-------- -~~~~~~-
'Am. Jour. Sci., Vol. XXVI, 1883, p. 230. 
2 Am. Jour. Sci., Vol. VI, 1873, p. 211. 
• Bull. Geol. Soc. Am., Vol. II, p. 406. 

f Steiger, analyst. 
g Hillebrand, analy•t. 
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GLOSSARY OF ROCK TERMS. 

Ar,LOTRIOMORPHIC.-A term applied to those grains which do not attain their 
crystalline forms, as the interlocking quartzes of a quartzite (see Pl. XXXVIII) or 
the feldspars, etc., in a typical gabbro (see Pl. XL VII, No. 535). All mineral grains 
termed anhedrons (q. v.) must be allot.riomorphic. · 

ANHEDRON. 1-Minernl grains without crystal planes; to bo used in apposition to 
crystal, which would therefore indicate idiomorphism, while the anhedrons would 
always be allotriomorphic. 

AUTHIGENIC (also written "authigenetic").-Applied to those minerals in a rock 
wlllch have originated in it subsequent to its formation, as epidote and nralite in 
greenstones, or mica in mica-schists. 

CATACLASTIC.-The structure produced in a rock hy a crnshing of the constituent 
minerals. The quartzes and feldspars are thus often L>roken HjJ into a mosaic of 
smaller grains. The larger grains are sometimes faulted and bout, aH is shown in the 
large feldspar in the photo-micrograph of No. 524 S. N. in Pl. XXXIX. 

CLAtiTIC.-Composed of fragments amlmineral JHtrticles derived from jneexisting 
rocks, as a sn,ndstone or a, tuff. This structure is well shown in the photo-micrograph 
of No. 54, Pl. XXXVII. 

Co:viPLEl\H:NTARY ROCKS. 2-A term n,ppliell by Brugger to the (]i verse differentiation· 
products of a, comm(•n magma. Thus, some cn,mptonites and bostonites in Norway 
are thought to he the differentiation products from one magma and are called com-
plementary. · 

CoNTACT METAMORPHISM.-A term applied to the metamorphic action in a rock 
mass, along the border of the intrusive magma, which results from the intrusion of 
the igneous rock (exomorphic metamorphism). Some geologists also include, under 
contact metamorphism, the effect producell on the intrusive rock (endomorphic 
metamorphism). A fine illustration of contn,ct inetamorphism is the chiastolite­
schist from Mariposa County formed from a cby-sln,te. See Pl. XXXV, B. 

CoUNTRY ROCK.-Used in the same way as the term is used by miners to deHignate 
the rock in which a mineral vein has forrue(J. It mn,y he made to designate the 
rock composing the walls of a dike. Thus, slate or ~cbist is the country rock of 
most gold-quartz veins in California, aud granite or quartz-mica-diorite is usually 
the country rock of most granulite (aplite) dikes. "Country rock" is thus often 
synonymous with" wall rock," hut when the wall rock of a vein is a, dike along the 
vein, the country rock would be of a different nature, and hence the two terms are 
not necessarily synonymous. 

CRYPTOCRYSTALLINE.-An entirely crystalline rock in which the particles are too 
minute to he determined even with the microscope. 

DIABASE STRUCTUHE.-This term may he nsed to designate the cliabasiscl1-kornig 
structure of Rosenbusch, characterized hy the lath-like development (elongation 
following the edge pg' (001) (010)) of the feldspar and the later formation of the 
metasilicate. This will include the ophitic strncture, but the metasilicate may occur 
in grains or wedge-shn,pod anhedrous between t.he feldspars, as shown in diabase 415 
s. N., Pl. XLV, B, en,ch grain of the metasilicate having a different crystn,llographio 
orientation~ It is also evident that the dia.bn,se structure would be nearly identical 
with the latest·definition of ophitic by Michel-Levy, 3 in which "a bisilicate (pyroxene, 
amphibole) serves as a cement to the crystals of flildspar or to the other elements." 
(What other elementsf) 

Dun: -As used by the author, th1s term supposes a preexisting fissure which has 
been filled with a molten magma, and is distinguished from the term" vein," iuasmuch 
as the latter is tilled by depositiOn from aq ueons soln twus. While ail ruol ten magmn,s 

'Dana aml PirRson, Bull. Geol. Soc. Am., vol. 7, p. 492. 
2 TirOgger, Quart. ,Jour. (.ieol. Soe. Lontlon, Vol. L, p. 31. 
s Structure et ClasMiilcat:on 1les Tioches ~ruptiYes, 1889, p. 30, 
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may be regarded as solutions, those solutions that require an extremely high temper­
ature for their existence can, in most cases at least, be separated from such solutions 
as are supposed to have formed mineral veins. We thus speak of basalt, andesite, 
and diabase dikes, and of quartz and calcite veins. The term "sandstone dike" is 
not objectionable even under the above definition; as it is plain that here is meant a 
fissure filleu with sand. 

GABBRO STRVCTURR.->Yhen the clifferent elements of a granular bolocrystalline 
rock are in the form of irregular (allotriomorphic) grains with a nearly equal devel­
opment in every direction, the rock has a typically granular structure called by 
Michel-L6vy the '' strneturo grenue." This is very widespreau in ga-bbros, and may 
be called the gabbro structure, and is well shown in the photomicrograph of 535 
S. N., Pl. XLVII, an olivine-'gabbro. 'fhe grains have a uiverse orientation, and 
the structure differs from the granulitic in that there is no marked tendency to 
idiomorphism. 

GNEISS.-This is used in the preceding paper as a structural term only for a thor­
oughly crystalline (often a recrystalUzeu) rock in which the chief constituents are 
arranged in layers, producing a more or less distinct foliateu structure, best seen in 
the hantl specimen. Under the microscope gneisses are seen to have a thoroughly 
granular structure, with diverse orientation of the mineral grains, so that the foli­
ated structure is chiefly dne to the arrangement of the minerals in layers. As a rule, 
however, foliated and fibrous minerals, especia-lly mica, are to a greater or less 
extent arranged with ·their .longer axes parallel to the direction of schistosity, so 
that in nature gradations will be fonntl between typical gneisses and typical schists. 

GRANITIC sTRUCTURJ<;.-Following Michel-Levy, tnis term is used to express.the 
structure of most granites and quartz-diorites. It is' partly synonymous with 
"hypidiomorphic" (Rosenbnsch). The quartz, the last element to cousoliuate, serves 
as :\cement to the other elements, some of which have nearly idiomorphic outlines. 
See the photomicrograph of quartz-diorite, No. 691 S. N., Pl. XLII. Judd 1 uses the 
term also for the hypidiomorphic structure of gabbros in which the augite and olivine 
are to some extent molded as the feldspar crystals. As suggestecl in other cases, the 
termination oicl might be used, and the structure of such gabbros might be said to 
be granitoid. When the component minerals are of microscopic dimensions, the 
structure may be called microgranitic. 

GRANULITIC STRUCTURE.-Michel-L6vy applies this term to the structure common in 
most granulites ( aplites), in which the quartz and feldspar Lave an idiomorphic tend­
ency, and both appear to have crystallized at the same time. IIi its typical devel· 
opment the grains arc all about the same size anu are independently oriented. When 
the grains are of microscopic dimensions, the structure may be called microgranu­
litic. A portion of the photomicrograph of No. 998 S. N., Pl. XXXIX, shows rather 
poorly the granulitic structure. Synonym: panidiomorphio (Rosen busch), but in 
those granulites seen by. the writer a typical panidiomorphic structure is never 
realized. The term is used by Judd" for a structure in certain gabbros, In which the 
pyroxene and olivine grains assume more or loss rounded outlines. In polarized 
light these grains are seen not to be part of one large ·crystal, but to have different 
orientations. Bayley uses the term in the s:tme way in describing gabbros. 

HYALOPILITIC.-Applied by Rosenbuseh to microlitic rocks which contain glass, 
and is especially characteristic of andesite. This structure is poorly shown 'in the 
photomicrograph of No. 72 S. N., in Pl. XLV, A. 

INTRATELLURIC.3-A term applied by Rosenbusch to that period in the formation 
of a rock which immediately precedes eruption; also to the minerals which separate 
out during that period. 

MACROSCOPIC.-As seen with the naked eye. Synonym: megascopic. 

•Quart. Jour. Geol. Soc. London, 1886, p. 67. 
• Quart- Jour. Geol. Soc. London, 1886, p. 68. 
• Rosen busch, Massige Gesteine, 1885, p.lO. 
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MICROCRYSTALLINE.-'.Vhen the constituents can be seen and identified, but only 
with the use of the microscope. 

llhcROLITIC STRUCTURE.-Following Michel-Levy, this term is used to designate 
all those lavas in which the feldspar occurs in minute laths, as in trachytes, basalts, 
llnd andesites. ThiR includes, therefore, the terms "pilotaxitic" and "hyalopilitic" 
of Rosen busch. 
MICROPJ;~G~IATITE.-A microscopic intergrowth of quartz and felUspar, each min­

eral having the same optical orientation throughout. 
0PHITIC STRUCTUHE (Michel-Levy).-When the last element to crystallize is a meta. 

silicate (nsually IJyroxene), and the mineral forms patches of greater or le~s size con­
taining feldspars elongated following tho edge pg' (001) (010); and, also, according to 
Levy, flattened following g' (010), the plates of the metasilicate appear to be pene­
trated in all directions by the feldspar laths, presenting a characteristic structure, 
which was first set forth by Michel-Levy 1 in describing someophites from the Pyrenees, 
and has since ueen callecl the ophitic structure. This is most frequently found in 
diabases, but is not confinetl to them. In fact, one of the original ophites of Michel­
L6vy is an oligocb,se-pyroxene rock, and would be called by the writer an ophitic 
pyroxene-diorite. The ophitic structure is illustrated in Pl. XLVI, A, a photomi-
crograph of a diabase from Calaveras County. · 

Michel-Lcvy 2 defines ophitic thnR: "A Lisilicate (pyroxene, amphibole) serves as a 
cement to the crystals of feldspar or to the other clementR." This evidently extends 
the term so that it is nearly or quite synonymous with Diabase structure. Syno­
nyms: divergentstrablig-kornig (Lossen); diabasisch-kiirnig (Rosen busch) in part. 

0PHrtow.-This word, anal<>gons to pegmatoid, is suggested to be used to desig­
nate ophitic-like associations of minerals in which the inclosing substance is not a 
metasilicate. Thus, in quartz-diorite, No. 550 Calaveras, Pl. XLVI, B, the quartz and 
feldspar may be said to form an ophitoid structure. 

PANIDIOMOiti'IIIC."-Nearly identical with the granulitic structure of Michel-Levy. 
Rosen busch states that it is characteristic of tho aplites (granulites) and of some of 
his lamprophyric dike rocks, and is essentially different from the hypidiomorphic 
structure in"that the minerals appear to have all formed at the same time. As applied 
to gmnulites an objection might be made to the term, which signifies all-ic:tiomorphic, 
in that while there is an idiomorphic tendency to the minerals an actual condition 
of idiomorphism is seldom reached. It is best developed, so far as the writer's 
experience goes, in some of the diorites containing original horn hlendc needles. It 
is very poorly shown in Pl. XLIV, A, diorite 298, in which both the hornblende and 
the plagioclase are usually idiom orphic. 

PJ;]GMATOID STRUCTURE.-Used to designate an intergrowth of two minerals each 
of which has the same optical continuity throughout. The most common inter­
growth is that of q nartz and feldspar,_ forming pegmatite, hut a similar intergrowth 
of other minerals takes place, as of tourmaline and quartz, as shown in Pl. XL, A. 
The term micropegmatoid may be used for the microscopic equivalent. 

PILOTAXITIC STRUCTUiiE.-Applied by Rosenbnsch to microlitic rocks, especially 
basalts, in which the groundmass is made up of minute feldspars in felted aggre­
gation or arranged more or less nearly parallel and exhibiting a flow structure. 
Typical pilotaxitic rocks are said to be holocrystalline. The structure is included 
in the microlitic structure of Michel-Levy. ' 

PLEOCHHOISM.-The property possessed by pellucid, doubly refractive minerals 
of transmitting rays of different colors or intensity in diffel,'ent directions. Uniaxial 
minerals are dichroic, since they possess two directions (parallel and-normal to the 
chief axis) in which the greatest difference of color is shown. Biaxial minerals, on 
tho other hanfl, are trichroic or polychroic, since they l1ave three directions, cor­
re~:~ponding to the three dill"crent axes of elasticity, along which rays of different 
intensity are transmittetl.-TEALL. 

l Bull. Soc, Geol. tle France, 1878, p.157. 
2 Structure et Classification des Roches :Eruptives, 1889, p. ~0. 
•Rosenbusch, Massige Gesteine, 1895, p. 461. · 
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POIKILITIC STRUCTURE.'-\Vhere patches of one mineral having the same optical 
orientation throughout include other minerals having a diverse orientation. Thus, 
in Pl. XLVII, A, the brown hornblentle in gabbro, No. 985 S. N., contains numerous 
plagioclases lying at all angles. in this case, when tho included mineral is feldspar, 
the structure differs from the ophitic structure only in the feldspars not being, as a 
rule, lath-shaped, but in short prisms, often with a Yery irregular exterior, as if 
broken up previous to the formation of the pyroxene. Thb IJOikilitic structure is 
not uncommon in gabbros. 

In the large orthoclases of the porphyritic granite (No. 39 S. N. ), described on page 
470 of the Fourteenth Annual Report of the Geological Survey, Part II, there are 
inclusions of plagioclase, biotite, quartz, titanite, and iron oxide, with diverse 
orientation, and this may be regarde<l as another type of the poikilitic struel;ure. 
Synonym: luster-m<'lttling (Pumpelly). The term micropoikilitic is used ·,vhen the 
structure can be seen only with the microscope. 

PORPHYRY.-This term is usefl in the preceding paper in a purely structurahense, 
and signifies a holocrystalline igneous rock usually with a microcrystalline or crypto­
crystalline groundmass in which are developed larger crystals (phenocrysts), often 
idiomorphic. So far as the writer is able to learn, the term porphyry has seldom 
lJeen applied to coarse-grained rocks. The definitions given in Geikie and other 
standard manuals all refer to porphyries as fine granular rocks. The application of 
the term to coarse-b>Tained granite with porphyritic feldspars (see l>aper in the Four­
teenth Annual Report of the Geological Survey, Part II) appears to tho writer to be 
inadvisallle, although in a strictly logical use of the term, as signifying contrast of 
grounflmass and phenocrysts, such a rock would be the true granite-porphyry, aml 
the rock called in the p_resent paper a granite-porphyry woulfl he a microgranite( ')· 
porphyry. · 

PsEUDOSPHERULITEs.-According to Teall, this term signifies spherulitic struc­
tures in which the rays are composed of two different. substances which can be 
determined; these substances, usually, at least, are qnartz and feldspar. The 
"etoilements tles micropegmatites" of Michel-Levy are of this character. "When 
these rays or sectors are arranged abont a fragment of older quartz, this extinguishes 
at the same time as the rays of the later qnartz of the micropegmatite. (See also 
Spherulites with globular quartz.) The pseurlospherulites also frequently form 
with feldspar prisms as a kernel. In this case the older feldspar of the kernel and 
the later feldspar of the micropegmatite do not necessarily extinguish together. 

SALBAND.-Tbe fine:grained border of a dike, due to the chilling actionofthowall 
rock 

SciiiST.-A structural term used to designate those rocks in whieh the mineral 
grains are chiefly elongated or flattened in one <Erection or lie in one plane, produc­
ing a cleavage which may be sai<l neYer to be wholly wanting. The elongated or 
flattened grains need not l>e parallel, bub may noss one another (as in some tremohte­
schists) in all directions, forming a mesh work, lmt if snch a schist is cut at right 
angles to the schistosity it ,will he noteil. that the fibers are chiefly in one plane. 
Schists are the result of dynamic action, and, according to Sorby, Van Rise, and 
others, the schistosity has been prof1uce<l l>y a force acting in a direction normal to 
the cleavage plane. Many schists nre derived from sedimentary rocks, in which the 
clastic character is still evident. Others are produceil. hy the compression and shear­
ing of massive igneous rocks. 

SILICEOUS ARGILLITE.-This is proposed as a term .to supplant "siliceous schist," 
or "kiesel-schiefer," inasmuch as the rocks so called are not schistose. The word 
"argillite" has, however, been used for schistose argillaceons rocks, but it is evident 
that the natural use of the term is simply to designate a clay rock, without specify­
ing whether the rock is massh-e or schistose. 

I 'Villiarus, Jonr. of Geology, Vol. I. p. 176. 
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SPHERULITE.-Following Cross, 1 a spherulite may be said to be a spherical body in 
which a radiate or concentric inner structure has been found to be a seldom-failing 
characteristic. Spherulitic structures are common in the acid lavas, in which the 
cryptocrystalline material, supposed to bo usually quartz and feldspar, has a radially 
fibrous structure and shows a black cross between crossed nicols. Chlorite also often 
shows the same structure. The "quartz globulaire" of Michel-Levy is a variety 
of the spherulitic structure in which a black cross is not ordinarily to be observed. 

SPHERULITES WITH GLOBULAR QUARTZ.2- When. the rays of pseudospherulitcs 
become so fine that they can not be resolved with the high powers of the microscope 
they pass into "spherulites a quartz-globulaire." Sometimes these constitute struc­
tures showing radiations in natural light, extinguishing in four positions at right 
angles between crossed nicols, or in two or more sectors. A good example of this 
is shown in the. photomicrograph No. 247, P1. XLI, B. 

VEIN.-A fissure filled with mineral matter deposited from aqueous solutions, as a 
gold-quartz vein. 

'Bull. Philos. Soc. Washington, Vol. XI, p. 412 • 
. • Michel·Levy, Structures of Rocks, p. 21. 
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PLATE XXXVII. 

A. Plagioclase-pyroxene-gneiss, No. 1456 S. N., showing the evenly granular struc­
ture. With the analyzer, X 50. C=plagwclase, andesine to labradorite; P= 
monoclinic pyroxene; M=black mioa; F=iron oxide. 

B. Quartzite from Pinol[ Peak, No, 54 S. N., showing the clastic structure in part of 
section anu the interlocking quartz grains in other portions. There has evi­
dently been an addition of silica to the interlocking grains, so that their original 
outlines are but in part preserved. With the analyzer, X 53. 
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A 

B 

A.. PHOTOMICROGRAPH OF PLAGIOCLASE-PYROXENE-GNEISS, NO. 1456 S. N. 

B. QUARTZITE, NO. 54 S. N .. SHOWING CLASTIC STRUCTURE. IN PART OF SECTION. 
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PLATE XXXVIII. 

A. Quartzite, No.183 Calaveras, showing the interlocking quartz grains. The shape 
of the original grains is not apparent, there being no visible line between the 
surface of the original quartz grains and the silica that has since been added. 
With the analyzer, X 20. . 

B. Quartz band in granulite, No. 998 S. N., showing the interlocking quartz grains, 
which in this case are certainly not clastic but of the nature of a vein deposit. 
With the analyzer, X 20. 
744 



U. S. GEOLOGICAL SURVEY 
SEVENTEENTH ANNUA L REPORT PART I PL. XXXVIII 

A 

13 

A. QUARTZITE, NO. 183 CALAVERA S, SHOWING THE INTERLOCKING QUARTZ GRAINS. 

B. QUARTZ BAND IN GRANULITE, NO. 998 S. N .. SHOWI NG THE INTERLOCKING 
QUARTZ GRAINS. 
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PLATE XXXIX. 

A. Granulite, No. 998, showing the granulitic structure in the npper part of the sec­
tion, and micropegmatite in the lower part. With the analyzer, X 20. 

B. Pre-Cretaceous tuff, No. 524 S. N., showing bent awl fractured feldspar srich as 
are found in cataclastic feldspatltic rocks. This gives evidence of the rock 
having undergone crushing. With the analyzer, X 50. 
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A 

B 

A. GRANULiTE . NO. 998 , SHOWING GRANULITIC STRUCTURE AND MICROPEGMATITE. 
B. BENT AND FRACTURED FELDSPAR IN PRE-CRETACEOUS TUFF. 
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PLATE XL. 

A. Pegmatoid intergrowth of tourmaline and quartz, No. 928 S. N. Without the 
analyzer, X 20. This rook formed part of a pegmatite dike in quartz-p:y roxene­
diorite southeast of Sonora. 

B. Granite, No. 39 S. N., showing the largeidwmorphic t1tanites with prongs on the 
stdes of the largest prism. W1tbout the analyzer, X 55. 

A= hornblende; M= black mica; F=iron ox1de; D=apatite. 
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A 

A. PEGMATOID INTERGROWTH OF TOURMALINE AND QUARTZ , NO. 928 5. N. 
B. GRANITE, NO. 39 S N. , WITH IDIOMORPHIC TITANITE AND HORNBLEi'!DE. 
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PLATE XLI. 

A. Granite-porphyry, No. 40 S. N., showing a typical microcrystalline gronndmass. 
With the· analyzer, X 20. I= quartz; B =orthoclase; C =plagioclase; M = 
lliotite. 

B. Spherulitic quartz-porphyry, No. 247 Amador, illustrating the" quartz-globulaire" 
structure of Michel-Levy. With the analyzer, X 45. All parts of any one 
spherulite extinguish simultaneously or nearly so, or any one sphernlite extin­
guishes in sectors. In the photomicr«;>graph all of the upper spherulite is extin­
guished except a few faint radii. A black cross is ordinarily not to be observed. 
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B 

A. GRANITE-PORPHYRY, NO. 40 S. N., SHOWING A TYPICAL MICROCRYSTALLINE 
GROUNDMASS. 

B. SPHERULITIC QUARTZ -PORPHYRY, NO. 247 AMADOR. 
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PLATE XLII. 

A. Quartz-mica-diorite, No. 691 8. N., showing the granitic or hypidiomorphic struc­
ture. With the analyzer, X 20. I= quartz, which is the last element to crys­
tallize and fills the interstices between other minerals; C =plagioclase (andesine 
and labradorite); M =biotite; E=epidote. 

B. Pyroxene-diorite, No. 165 8. N., showing the idiomorphic augite inclosed in feld­
spar. Without the analyzer, X 20. P=augite, some of which shows the 
diallage cleavage; H =hypersthene; M =biotite; F =iron oxide. 
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A 

B 

A. QUARTZ -MICA-DIORITE, NO. 69 1 S. N., SHOWING THE GRANITIC OR HYPIDIOMORPHIC 
STRU CTURE. 

B. PYROXENE-DIORITE, NO. 165 S. N., SHOWING THE IDIOMORPHIC AUGITE INCLOSED 
IN FELDSPAR. 
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PLATE XLIII. 

A. Soda-syenite-porphyry, No. 46 Tuolumne, showing the microcrystalline ground­
mass of albite grains in which are embedded phenocrysts of plagioclase. With 
the analyzer, X 50. 

B. A view of another portion of the same section as the previous, showing radiating 
brushes of delicate blue hornblende needles. Without the analyzer, X 50. 
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A 

B 

A. SODA-SYENITE -PORPHYRY , NO. 46. TUOLUMNE COUNTY. 
B. RADIATING TUFTS OF HORNBLENDE IN SODA-SYENITE-PORPHYRY, NO 46. 
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PLATE XLIV. 

A. Diorite-porphyry, No. 298 S. N., showing the idiomorphic tendency of the plagio­
clase and hornblende. With the analyzer, X 45. P =plagioclase phenocrysts 
with decomposed interior and rim of fresh feldspar; A= brown hornblende. 
The smaller plagioclases of the groundmass likewise have idiomorphic ten­
dency, so that the rock has a nearly panidiomorphic structure. 

B. Quartz-diorite-porphyry, No. 298 S. N., view of part of the same section as the 
previous, the section being made from a chip taken at the contact. of the two 
dikes. The microcrystalline nature of the quartz-feldspar groundmass is 
shown, and in this groundmass are embedded plagioclase phenocrysts. With 
the analyzer, X 45. 
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A 

B 

A. DIORITE PORPHYRY, NO. 298 S. N. 

H. QUARTZ-DIORITE -PORPHYRY, NO . 298 S. N. 
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PLATE XLV. 

A. Hornblende-pyroxene-andesite, No. 72 S. N., showing the porphyritic plagioclase 
with glass inclusions. P=augite ·grains. The microlitic glassy gronndmass 
illustrating the hyalopilitic structure of Rosen busch is not brought out .. With 
the analyzer, X 55. 

B. Diabase, No. 415 S. N., showing the wedges of hornblende between the lath­
shaped feldspars, and illustrating imperfectly the diabase-granular structure, 
the chief feature of which is the lath-like development of .the feldspars with 
later metasilicates. With the analyzer, X 50. 
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.A 

l:i 

A. HORNBLENDE-PYROXENE-ANDESITE, NO . 72 S. N. , SHOWING THE PORPHYRITIC 
PLAGIOCLASE WITH GLASS INCLUSION S. 

B. DIABASE, NO. 415 S. N., SHOWING THE WEDGES OF HORNBLENDE BETWEEN 
THE LATH -LIKE FELDSPARS. 
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PLATE XLVI. 

A .. Diabase, No. 175 Calaveras, showing the lath-shaped feldspars penetrating in all 
directions the later plates of augite. This constitutes the typical ophitic struc­
ture of ophites as first figured by Michel-Levy. With the analyzer, X 40. 

B. Quartz-augite( f)-diorite, No. 550 Calaveras, showing the lath-shaped feldspars 
penetrating the later green hornblende and quartz. The hornblende presum­
ably represents original pyroxene, but the quartz is primary. !=quartz; A= 
hornblende. With the analyzer, x 20. 
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A 

B 

A. DIABASE, NO. 175 CALAVERAS, SHOWING THE OPHITIC STRUCTURE. 
B. QUARTZ-DIORITE, NO. 550, CALAVERAS, SHOWING THE OPHITOID STRUCTURE OF THE 

PLAGIOCLASE IN THE QUARTZ. 
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PLATE XLVII. 

A. Poiki.l:tic gabbro, No. 985 S. N., showing the broken and corroded anorthites 
inclosed in later brown hornblende. The feldspars lie at all angles in the 
hornblende plate, which has the same optical orientation throughout. This 
is an illustration of the typical poikilitic structure as characterized by Prof. 
G. H. Williams. With the analyzer, X 20. 

B. Gabbro, No. 535 S. N., showing the gabbro or typical granular structure in which 
both the main constituents, pyroxene and plagiocl_ase, appear to have crystal­
li:r,ed at about the same time, the anhedrons of each mutually interfering, so 
that none of the grains attained their proper crystalline forms. With the ana­
lyzer, X 40. C=plagioclase; A=hornblende; P=augite; H=hypersthene; 
F=iron oxide. 
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A 

B 

A. POIKILITIC GABBRO, NO . 985 S. N. 
B. GABBRO, NO. 535 5. N., SHOWING THE GABBRO OR TYPIC AL GRANULAR STRUCTURE. 
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REPORT ON COAL AND LIGNITE OF ALASKA. 

BY W. H. DALL. 

INTRODUCTLON. 

The following report is intended to include a full account of what is 
known with regard to the deposits of fossil fuel in Alaska embraced 
under the head of coal or lignite. An account of the various localities 
visited by our party in 18!}5 is supplemented by data obtained by th~ 
writer on previous visits to the Territory, especially to such places as 
were not included in the list of those visited on the present occasion. 

To this is added a general discussion of the coals or lignites from an 
economic standpoint, with analyses of the Alaskan and similar coals 
for comparison, tests of their practical utility, and general conclusions 
as to their value. · 

A summary of our knowledge of the Cenozoic geology of Alaska is 
next given,including a. discussion of the geologic age of the coal-bearing 
beds, and an enumeration of the localities where Cenozoic rocks have 
been observed, both bi the author and others during explorations in 
Alaska and by tlle Survey, with a list of the fossils obtained from them. 

Brief summaries of what is known in regard to the fossiliferous hori­
zons of Alaska follow, including a full description of the localities 
visited by our party in 1895. 

To these are added three appendices on the fossils collected, includ­
ing a report on the fossil plants by Dr. F. H. Knowlton, wherein are 
enumerated the species known to date as having been collected in 
Alaska; a report on the Paleozoic invertebrates by Mr. Charles Schu­
chert, of the U.S. National Museum; and a preliminary report on the 
Mesozoic fossils by Prof. Alpheus Hyatt. A discussion of the Ceno­
zoic fossils by the writer is included in the chapter on the Cenozoic 
geology of Alaska. 

Our work in the Alexander Archipelago was carried on while guests 
on board the U. S. S. Pinta, and to Lieut .. Com. A. R. Couden, U. S. N., 
commanding, and his officers, we are under obligations for every aid in 
their power. 
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LOCALITIES 011' TIH~ COAL-REARING KENAI "E'ORMA'l'ION. 

ALEXANDER ARCHIPELAGO. 

S'l' .. TOliN BAPTIST BAY. 

About 16 miles 1 in a northwesterly direction from Sitka, and just 
north of Point Zeal, a small open bay exteuds to the eastward, called 
by the Russians Joanna Predtechi or St. John Baptist Bay. On the 
shores of this bay, according· to reports received as correct among the 
Russians, fragments of coalllave been found. It was supposed that in 
the vicinity beds of coal might occur from which these float fragments 
came. By the aid of the Pinta's steam launch a visit to this bay and 
an exammation of the rocks were made. The rocks about tile shores 
and the material brought down by several good-sized streams which 
fall into tile bay were carefully scrutinized. Only granitic and dioritic 
rocks were found in place, With occasional bands of graphitic slates. 

The only authentic reference to coal in this vicinity is found in 
Davidson's-.Alaska Coast Pilot of 1869, p. 35, where be says: 

The most important discovery was made by the Coast Survey in October, 1867, in 
the valley at the head of St. Johns Bay, opening upon Neva Strait about 17! 
miles north of Sitka. Pieces of coal largely intermixed with rock, to which their 
preservation was due, were fountl for 4 or 5 miles aloug the heel of the small but 
rapicl stream. After a second partial exploration and obtainmg large specimens it 
was believed tl1e coal was anthracite, but a subsequent analysis in San Francisco 
proved it to be bituminous. }'rom all the geological evidence, the geologist 
reportecl that the bed or beds from which it was broken will, if disco\·ered, afrord 
coal of vastly superior quality to any heretofore known to exis.t in the Terri­
tory. ~ ~ • Recent information has been received that this coal vein which has 
been discovered is of great thickness, is anthracite, has been burned on a United 
States steamer and reported upon favorably. The general course of the stream upon 
which specimens were found is east and west; its rise for the first 4 or 5 miles is not 
very rapid. Along its banks are small areas of fiat alluvial land, particularly near 
its mouth. The channel often separates into two or three, inclosing small islands on 
the level bottom land. The rocks in situ are rarely exposed, but at two points 
on the stream flue black shales aud soft friable sandstones, without fossils, however, 
were seen trending approximately northeast and southwest and inelinefl at a high 
angle. Pie~es of coal much intermixed with foreign substances, principa,JJy lime­
stone, of greater or less si?.e, were fountl along the course of the stream for a dis­
tance of 4 miles. Highly crystalline limestone, white, streaked with gray, was 
fonnrl in the detritus. The dense. growth of timber, thrck masses of fallen and 
decaying trees, coveretl with deep moss, thickets of the thorny shrub Panax lwrri­
dum, and tho general mountainous character of this localtty will renf!er its future 
exploration extremely difficult. 

Tile notes cited by Professor Davidson, except the sentence referring 
to later information, are by Mr. Theodore A. Blake, geologist to the Coast 
Survey party which visited Alaska on the revenue cutter Lincoln in 
1868. There would seem to be no doubt that Mr. Blake found coal, as 
stated; but his account of the topography leads to the impression that 

lThe mile used in this report is the nautical mile of 6,080feet. 
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the locality was wrongly identified, and that it was one of the other 
numerous bays in the vicinity and not the true St. John Bapt1st Bay 
explored by us. In the latter there is certainly no room between the 
mountains and the sea for a stream 4 or 5 miles long, and we found no 
traces of limestone, sandstone, or coal in the vicinity. The stittement 
that a vein of anthracite had been discovered may refer to some other 
locality where t-he .Alaskan coal, which mueh resembles anthracite, has 
been found, but is certainly erroneous if applied to this locality. If 
such a seam bad been found near Sitka, the higl1 vrice of coal there 
would have made it a matter of great importanee to the inhabitants, 
and its existence would have been generally known; whereas no one 
among the many of whom inquiries were made at Sitka had ever heard 
of any such discovery. The report of Mr.Blake 1 Jeferring to the drifted 
fragments of coal was known to many, but nothing more, except vague 
rumors handed do,vn from the Russian inhabitants, who ma.y have been 
misled by the fact that portions of the black slates contain thin sheets 
of p;raphite, which might cause them to be mistaken for anthracite by 
inexperienced persons. · 

Our conclusion, therefore, is that there is no satisfactory evidence at 
present of the presence of coal or the rocks of the age of the coal in 
this particular locality. 

POINT GARDNER. 

The southern extreme of the .Admiralty group of islands, separating 
Chatham Strait and Frederick Sound, was named Point Gardner by 
Vancouver. Near it is a small anchorage, partly sheltered by some islets, 
and named Surprise Harbor. In September, 1868, Capt. J. vV. White, 
of the U. S. revenue steamer Wayanda, discovered fragments of eoal 
in a small stream falling into the head of the harbor. Two miles from 
the shore, at an elevation of 500 feet above the sea, a small vein of coal 
in soft clay, without fossils, cropped out of the right bank. .About 100 
feet farther up the stream there was a larger vein in a similar forma­
tion. Both were. of poor quality and only a few inches in thicku·ess. 
They dipped 600 to the southeast, with a strike from southwest to 
northeast.2 

Some years later an attempt was made to develop coal in this 
vicinity by Capt.· James Carroll and others. The seam selected is 
stated to have been found 800 feet above the sea level and aho\lt 2 
miles from the beach. .A tunnel 210 feet long tapped the seam at a 
distance of 40 feet from the surface; and 25 feet lower another tunnel, 
intended to strike the same seam at a lower level, was run to a depth 
of 120 feet. 3 The seams were covered by sandt~tone, with a greasy sort 
---------- --------

•Report on t-he Geology of Alaska, by Theodore .A.. Blake, ITouse Ex. Doc. No, 177, Fortieth Con­
gress, second session, February, 1868, pp. 314-325. 

2Cruise in Alaska, Senate Ex. Doc.. No. B, :Fortiet.h Congress, third session, January, 1869f p. 8. 
•Ete--:enth Ceusns, Heport on Alaska, 18fl3, p. 236. 
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of shale below, and were more or less interleaved with carbonaceous 
·shale, the whole series being about 7 feet thick. 

The rocks proved to be much broken and faulted, and the coal to be 
ofinferior quality and in small quantity, so that, after the expenditure 
of several thousand dollars in prospecting, the mine was abandoned, as 
having under present conditions no commercial value. 

PORT CAIIWEN. 

This is a large bay p.enetrating Kuiu Island from the northeast, 
opening upon Keku Strait near Frederick Sound. In May, 1868, coal 
was discovered here by Capt. J. W. White, of the U. S. revenue 
steamer Wayanda. The seam crops out on the east side of the bay, 
about 7 miles sonth of the entrance, in about latitude 560 42', according 
to the charts. Captain White states 1 that the coal is 20 feet above 
low-water mark, and occurs in several veins abouc 6 inches thick, ·with 
intervening strata of hard rock. Tlw coal seams are at varying dis­
tances of 20 to 50 feet from each other, increasing in thickness inward, 
with a dip of 350 or 40° to the southward and a strike nearly east and 
west. Immediately below the upper vein is a layer of clay rock, with 
abundant fossil remains; above tbis vein is a layer of gray siliceous 
conglomerate. As far as could be observed, the strata inclosing the 
lower seams were similar. On account of the steep angle of the dip the 
seams could not be traced far. The bay affords good anchorage, with 
a range of tide of about 30 feet; the surrounding country is thickly 
wooded. It is not unlikely that this is one of the localities alluded to 
in Furuhjelm's notes (published by Oswald Heer) 2 as located on Keku 
Strait, but of which Heer has not stated the exact positiOn. 

WHALE BAY, BARANOFF ISLAND. 

This bay is situated aqout 23 miles southeast from Sitka, and has 
not been accurately surveyed. On the shores of the eastern arm of 
this bay, according to Russian reports, sandstones containing plant 
remains and small seams of lignite have been observed. No recent ex­
plorations of this locality have been made, and our time was too short 
to allow us to attempt to visit it. It is probable that if coal seams of 
any size occur at Whale Bay they would have been reported by pros­
pectors, some of whom are known to have visited the place in search 
of mineral deposits. 

KUIU ISLAND. 

The eastern shore of Chatham Strait, between 56° and 570 north lati­
tude, is formed by the extremely broken and irregular island of Kuin 

1Cruise iu Alaska, Senate Ex. Doc. No. 8, Fortieth Congress, third session, 1869, p. 2; see also 
. Davidson, Coast Pilot of Alaska, 1869, p. 35. 

•Flora fossills Alaskana: Kong!. svcnsk. Vet.-Akad. Handl.Bd. 8, No.4, Stockholm, 1869, pp. 7-8. 



DALL.) ALEXANDER ARCHIPELAGO. 775 

(pronounced Koo-yoo), sometimes called Kake Island, from the Kake 
tribe of Indians which inhabit its shores. 

On the west coast of Kuiu, in about latitude 56° 25', rocks of the 
Kenai formation occur, of which the following description is condensed 
from notes by Furuhjehn. 

The outcrop is between tide marks, and consists of a sandstone with 
remains of a hazel ( Oorylus .McQuarrii), dipping inland about 25o or 
30o, whieh contains thin layers of blackish-gray shale in pairs, each 
pair enclosing a layer of brown coal or lignite varying from 6 inches 
to 7i feet in thickness. The shale contains plants, especially coni­
fers. Above these and rising above high-water mark is a coarse­
grained sandstone overlain by a coarse conglomerate covered by about 
15 feet of humus and turf. The whole section inCludes a belt some­
what more than 200 feet wide, on the eroded surface of which are 
strewn numerous erratic blocks of granite. The section has a good 
deal of resemblance to that exposed at Coal Bay, Unga Island, at least 
in the succession of the plant beds, coal, and conglomerate. 

The shales from this locality afforded Sequoia langsdorfii, and species 
of Glyptostrobus, Pteris, and Castanea. The coal contained 16 per 
centof water, about 3 per cent of ash, about 35 per cent of volatile 
and 45 per cent of fixed carbonaceous matter, according to Geuth.1 

The occurrence of lignite near Sitka is also noted by Erman,2 who makes 
no precise identification of locality, but probably refers to these beds. 

Of the plants found in these beds a number are common to Nenil­
chik, Port Graham, and other beds of the Kenai formation in Alaska. 
On Keku (or Kake) Strait, which separates Kuiu from Admiralty 
Island, several outcrops of beds of the same age and general character 
have been noted by Furubjelm and others, on both the Admiralty and 
the Kuiu Island shores, and a few fossil plants have been collected 
.and examined by Dr. Newberry/ of whi~h he reports several species 
to be identical with those of Kenai. No workable seams of coal have 
yet been reported in connection with these localities. 

Plant beds, or traces of lignite, have also been reported on the 
north shore of the Lindenberg Peninsula, Kupreanoff Island; on 
the mainland opposite the last-mentioned place; at the southeastern 
extreme of Chichago:lf Island, on Chatham Strait; near Hood Bay, 
on the opposite side of the strait; 4 on the shores of Prince of Wales 
Island, near Kasahan Bay; and in the northern part of Seymour 
Canal, Admiralty Island. No workable coal at any of these localities 

1K. k. geol. Reichsanstalt, Wicn, 1868, p. 397; Heer, op. cit., p. 4. 
2Reise um <lie Erde, vol. 3, p. 213. 
;Brief descriptions of fossil plants, chiefly Tertiary, from western North America, by Dr. J. S· 

. Newberry: Proc. U. 8. Nat. Mns.,Vol.V, pp. 502-514; :February,1883. The author describes five species 
from Cook's Inlet, two from Admiralty Island, Seymour Canal, and one from Kake Strait, near Xootz· 
naboo, .Alaska. 

4This coal is said to have been explored and condemned as worthless by the Russians. Cf. David­
son, Coast Pilot of Alaska, ·1869, p. 35. 
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is reported, and the time :wailable was too brief to permit of spending 
it in exploration in the absence of more definite information. 

KOOTZNAHOO INLET, ADMlRAL'l'Y IRLAND. 

The only locality in the Alexander Archipelago where the informa­
tion on record warranted hopes of finding commercially valuable coal 
was in the central part of Admiralty Island, about the singular and 
complex waterways which, collectively, have been known as Kootzna­
hoo Inlet. This name, of Iudian origin, means ''home of the bears," 
or place frequented by bears, the totemic symbol of the Kootznahoo 
natives being a bear. Ori the west shore of the Admiralty group, 

. nort4 of Hood Bay, is the harbor and settlement now known as Kil· 
lisnoo, the site of au important herring fishery and manufactory of 
fish guano. There is also an Indian village on the north side of the 
entrance to the harbor, which, according to the census of 1890, had 
192 inhabitants. ,This is Kootznahoo, and the village is situated so 
that a few minutes' walk from the landing south of it carries one 
across a narrow neck to the Kootznahoo Inlet. The entrance of the 
inlet is on Chatham Strait, due east from' Point Hayes and north of 
Danger Point. It is very narrow and rocky, and, since the ramifica­
tions of the inlet cover many square miles and the tide must rise or 
fall entirely through this narrow opening, the current through the 
entrance is extremely strong. It is in fact only practicable to enter at 
slack water even with steam power, and the tide rips caused by the 
ebb oft' Danger Point are very heavy. Except for this strong tide 
and tl1e narrowness of the passages the inlet offers good facilities for 
navigation. There is abundance of water, and few submerged dangers, 
clear to the head of the principal arms. If the shores of the inlet 
should prove to contain commercially valuable coal, there is nothing 
in the difficulties of navigation for steam vessels to prevent its being 
made available. By accommodating t,heir movements to the tides 
skillful navigators would encounter nothing alarming. 

The accompanying map (Pl. XLIX), for which we are indebted to the 
Coast and Geodetic Survey, will enable the reader to form a better idea 
of this maze of waters than any amount of description. 

The land about the inlet is rather low and moderately level, mostly 
wooded with spruce and hemlock. The rocks are chiefly shales and 
sandstones, which, toward Chatham Strait, are crumpled and faulted, 
but appear less so in proportion as 011e passes northeasterly from the 
entrance, in the direction of a cluster of low mountains which may be 

· seen in the distance. The strata about the northeastern extreme of 
the inlet in the vicinity of McCluskey's claim were obviously less dis 
turbed and more nearly horizontal than in any other part of the inlet 
visited by us. . 

H was stated by residents at Killisnoo that light earth tremors, or 
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even mild shocks, were not uncommon there. This fact migllt have a 
bearing on tlle prosecution of mining in the district thus affected. 

Nearly all the lowlands surroundiug tlle ramificatiops of Kootznahoo 
Inlet are underlain by the sandstl)lleS and shales of the Kenai forma­
tion, and coal seams are of frequent occurrence. Our observations were 
limited to those upon which some work of exploration or prospecting 
had been done, nearly all of which are near the shores of the inlet. 
The different locations are known by the names of tlle persons who have 
eudeavored to explore them, and will be St' referred to in this report. 
We ·were indebted to Captain Moore, of the Coast Survey steamer 
Patterson, who.se staff was engaged in surveying the inlet, for trans­
portation by steam launch to the various outcrops, and to Messrs. 
Brightman and McCluskey, of Klllisnoo, for servi.ces' in guiding us to 
various places where exploration of the coal seams had been attempted. 

The discovery of this coal field was made in :!.868, when a native 
brought to Sitka some specimens of the coaJ.I Shortly afterwards 
Commander Mitchell, U. S. N., in the U. S. S. Saginaw, visited the 
locality and made a reconnaissance of tbe entrance to the lagoon and 
the channel leading to one of the principal outcrops.2 He took the 
vessel into the inlet as far as the wider portion·, since known as Mitch­
ell Bay, and made an a.greernent with one of the Indian chiefs to take 
out tJ. large qu:}ntity of coal. He also obtained a few tons before he 
departed, which he tested on board the vessel, and part of which he 
forwarded to the San Francisco naval office for testing. 

Au officer was detailed to direct the natives in their work of getting 
out the coal. The 8aginaw, under command of Capt. ,T. R. Meade, 
U. S. N., returned in January, 1869, and obtained the coal which had 
been taken out (variously stated to be from 30 to 80 tons), and which 
was subsequently suLmitted to various tests. I have found no official 
account of these tests, but have frequently heard it asserted that the 
coal was found to contain fossil resin in such amount as to be au o~jec­
tion to its use on steamers built with a view to usiug a coal of less 
volatility, and tllat tlle extraordinary heat generated by the combus­
tion of this resin rapidly destroyed the grate bars. .At all events, no 
iurther attempts are recorded to utilize these coals for the Navy. Cap­
tain Bryant describes the coal seam which was worked by Mitchell and 
Meade as follows : 

Opening from the south arm of Mitchell Bay in a southeast direction is Davis 
Creek,.another of those deep channels, one-fourth of a mile wide and connecting 
with a second bay 2 miles distant. It is on a small arm of this creek that coal 
bas been obtained. 

The vein or scam crops out under a rocky point at high-water m~rk and at right 
angles with the shore, and extends under the bed of the creek. It has a dip of 10c 
to the northwest an•\ has been worked by drifting otT the slate and remo\·in"g the 
coal. This process has been carried f~rward 50 feet until the covering of slate 

J See Senate Ex. Doc. No. 32, Forty.first CongreSs, second session,l870, pp.15-17. 
2 See U.S. Hydrographic Chart No. 225,1869. 



778 REPORT ON COAL AND LIGNITJ!: OF ALASKA. 

became too thick to be removed with this means of working. The distance between 
the point and low water is 50 yards anrl the seam has been opened to that line. 'l'he 
vein of coal has an average thickness of 15 inches. About 100 tons have been taken 
out. It is of a light bituminous character, burning very rapidly, evolving a great 
amount of heat, and better adapted for manufacturing purposes than for generating 
steam with the present style of furnaces. · 

An examination of the bluff ncar where the coal has bem1 mined, having its hori­
zontal strata undisturbed, shows the following arrangement: The surface rock is a 
coarse sedimentary stone 5 feet in thickness, underneath which are 2 feet of shale~; 
and slate upon a layer of shale mixerl with coal containing resin and hurnii1g freely, 
followed by 8 feet of shale and slate with a slight mixture of coal at the base of 
the stratum, and below this by a layer of shale 2 feet in thickness overlying a thin 
·Vein of coal and resin, which burns with much smoke and leaves little ash. The 
next stratum corresponds to tha.t from which the· coal was extracted and in which 
fossil leaves and vegetable remains are found. U:iHlerneath this and about 4 feet 
below high-tide mark two seams of coal of a harder kind crop out. These seams 
·are 3 or 4 feet in thickness, and the coal taken from them appears to be the same as 
that found at Nanaimo, Vancouver Island. Au examination of the shores of 
Mitchell Bay shows evidence that coal exists over a large extent of the surrounding 
country. * * * Near the shores of Mitchell Bay the disturbance of the strata 
is so great that ·the seams can not he followed far without finding them broken. 
East of Davis Creek tho shores rise gradually and continue unbroken, where by 
sinking a shaft the coal bed may be founll at sufficient distance above tide level to 
render it accessible. The difference of time bl'tween high water in Chatham Strait 
and at the mine is one hour. The mine is 12 miles from the entrance, and the differ-
ence between high and low water is 8 feet. . 

I have cited this account at length because it was made on the spot 
at the time the mining was done, and I am not q nite sure that the place 
pointed out to me as the site of Mitchell's operations is really the same. 
In a quarter of a century the exact spot in an almost unexplored wilder­
ness may ver3' well become obscure . 

.Since that time explorations l1ave been made by private prospectors, 
who have dug shafts, driven tunnels, or cleared off the surfaee of the 
coal seams, but have never had sufficient capital to open a working 
mine. I believe that we visited all points in the inlet where work of 
any kind has been done, and the various locations will. be described 
separately. 

SEPPIIAGEN l\UNl<>. 

This location is on the southeast arm of the inlet, close to the water's 
edge. A shaft 8 feet deep had been sunk, which, at the time of our 
visit (June 9, 1895) was full of water. A winch and small car were 
there. Three years ago a few tons of coal had been taken out and 
heaped up near the shaft, which, by the action of the weather, bad 
become reduced to small flakes of slack coal. The seam itself was 
under water, but was sf ated to be about a foot thick. 'rhe rocks above 
it were friable sandstones and soft shales. They dip about 30° NW . 
. Taxodium distichum miocen:um Heer was found among the leaf impres· 
sions of the shale. An examination of the vicinity led to the inference 
that the coal here was a small pocket, soon exhausted. 
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An analysis of the coal showed: 

Analysis of coal frorn Sepphagen nline, Alaska. 

~--. ·-p~ 

I 

:Motsture ............ -- ..... -- ...... --
3
! .. 

4
66

0 1 
Volatile matter less moisture. . . . . . . . . v 

I_, Coke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3
1
1 

.. s
14
o I 

Ash ........ ---------------- ...... ----
--·------ -----------~-----~ 

The coke was dull and slightly coherent, the ash yellowish; the per­
centage of sulphur, 0.32. 

The owner of this mine had recently died, and the interest was said 
to be held by his widow and children. 

Prospectors had found signs-of coal in a reef, covered at high \vater. 
The seams, if any, were invisible at the time of our visit, and were said 
to be only a few inches thick. The reef was CO)llposed of sandstones 
and shales, the latter mostly below, both dippiug about 350 NW. The 
shales were very fnable, with many mostly fragmentary vegetable 
remains, but few good leaf impressions. The thickness of the coarse­
grained but rather uniform soft sandstones appeared to be several 
hundred feet. 'fhere were occasional concretionary nodules of harder 
and finer material. The strata, though generally dipping northwest, 
showed waves in several places and were largely cross-bedded. The 
shales were variable in hardness, usually soft and friable, in very thin 
layers, with occasionallignitic nodules but no well-defined coal seams. 
Among the species of fossil plants collected here the following were 
identifiable: 

Jnglans nigella Heer. 
Carpinus grandis Unger. 
Fagus antipoffii Heerf 
Diospyros anceps Heer. 
Populus Richard6onii Heer. 
Ficus sp. 

At another point, on a small islet between two arms from Favorite 
Bay, Mr. Brightman pointed out a 6 or 8 inch seam of coal, much 
decomposed at the surface, which was traceable from low-water mark 
to the base of the bluff. The sandstone is faulted, waved, and every­
where low. The topographic relief seemed everywhere less than 100 
feet. The dip is 30° to 45° NW. The arm on which these exposures 
are shown is the second from the entrance, rocky, and with strong 
tidal currents, accessible only at slack water. 
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POINT SULLIVAN. 

At Point Sullivan, about 50 feet above tide, a shaft bas been sunk 
120 feet by James McCluskey and others, with poor results. The 
outcrop, in a rather soft gray shale, showed about 8 inches of much 
crushed, slickensided, shaly lignite, dipping 60° NE.; the strike, 600 
NW. The shaft is now fu11 of water, and the apparatus is in a state of 
decay. According to Mr. McCluskey, in the shaft two seams of coal 
were found, separated by about 6 or 8 inches of hard shale. The first 
prospector to open this vein was a man named Sullivan. There is a 
tradition that a still was set up l1ere, and that the celebrated alcoholic 
fluid called '' hoochinoo," whieh l1as wrought so much mischief in south­
eastern Alaska, was first made in the cabins about the Sullivan mine. 
An analysis of the coal gives: 

Analysis of coalj1·om Point Sullivan, Alaska. 

I Mo;,,., u u u ________ .u u u Po:•:• 1

1 
I Volatile matter not moisture.......... 21.86 

L
Coke. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35. u2 I 
Ash ...................... ~~ ... _· ~-'- 41. 8~ 

The coke was somewhat coherent and partly brilliant, the ash reddish. 
The sulphur amounted to 0.51 per cent. 

The coal from this location bas been used locally in dwellings adja­
cent to the mine, but, as shown by the analysis, the quality is wretched. 

The shales show numerous leaf impressions, but the matrix is so 
crushed that it is difficult to get a whole specimen. 

MITCHELL BAY. 

Opposite the Coast Survey party's camp, June 10, 1895, was observed 
a small seam, not exceeding 5 inches of coal, with twice as much shtte 
and shale in l1ard sandstone, dipping 450 N. About ten years ago some 
one had run a tunnel into this bluff, probably expecting that the vein 
would become thicker farther in, but as no increase was noted the work 
was abandoned. A similar seam 4 inches thick and another 4 to 6 
inches thick are reported to exist on the southeast shore of the bay, 
but these, of course, have no commercial valne. 

l\HJADE AND MITCHELL S~JAM. 

This seam as at present exposed is on the face of a low bluff at 
about 10 feet above high-water mark. We were told that this was the 
locality where the Indians took out coal for Mitcl1ell. The fact that 
the old workings visible are tunnels, and not stripped seams, causes a 
doubt as to the precision of the identification. There are at present 
two tunnels, 100 yards or more apart. The western tunnel (Mitchell) 
had been timbered, but is now full of water, and the roof cr.ushed in, 
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probably on account of the decay of the timbering. The visible seam 
near high-water mark averages 1 foot in thickness, but is much con­
torted. One hundred feet w~st of the timuel the seam turns vertical, 
bifurcates, and ·then runs out to a feather-edge. Dip, SE. flat, vari­
able; strike, 25° NE. Above the coal the rock is almost wholly sand­
stone, without fossils; below, shale, with leaf impressions and vegetable 
remains. The eastern tunnel (Meade) is in similar rock and is s1mi­
lar1y situated, but the strata are somewhat less contorted. The coal is 
about 1 foot thick. An analysis of coal from the Mitchell vein gives 
the following: 

Analysis of coal from the Mitchell vein, Alaska. 1==- . Percent.1 
j Moist~re.:................ . . . . . . . . . . . 2. 37 ) 

Volat1le matter not. moisture.......... 31.73 .. J 
e................................. 30.89 
.............................. ----1 .35. 01 

--~ --- ~---··---' ·-·-

The coke is sooty and ineoherent, the ash yellowish. The sulphur 
amounts to 0.47 per cent. 

As noted by Bryant and others, in the small fissures of the coal a 
good many grains of fossil resin or amber were perceptible, and occa­
sionally a small pocket holding a teaspoonful of this yellowish, coarse, 
powdery material occurred. No large masses of it were noticed, though 
it is doubtless true, as reported, that they are occasionally found. 

DRIGHTMAN AND DE GRO~'F SEAM. 

On a point projecting on the same arm a little farther up is an aban­
doned tunnel about 100 feet in length. This was put in by Messrs. 
Brightman, De Groff, and others several years ago. The rocks are 
nearly horizontal at the entrance, and consist of a rather hanl, barren 
sandstone, inclosing a few feet of shale, divided into an upper and lower 
part by a scam, about 14 inches thick, of shaly lignite. The shales 
contain many leaf impressions, among which were recognized. Ji'icus 
Alaskana Newberry, two other speeies of Ficus, one with a very large 
leaf; Carpinus grandis Unger,'Pop·ulus arctica Reer, Populus Richctrd­
sonii Heer, Vitis crenata Heer, Taxodium distich~tm miocen~tm Heer, aud 
Glypto&trobus Ungeri. 

An analysis of the coal gives: 

Analysis of coal frorR B1·ightrnan and De Groff seam, .A l~ska. 

~ _ Pereent._ 

/ Moisture............................. 2. 57 

Volati~~ ~~~~~~ -~~~ ~~~~~~~~: ~:::::::: ~~: ~ J 
·-·-- .................. ...... .... 12.24 

----
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The coke was dull and partly coherent, the ash drab-colored, the 
percentage of sulphur 0.89. Several thousand dollars were wasted iu 
the attempt to develop this worthless seam, under the mistaken but 
common idea that improvement might be expected at a greater depth 
from the outcrop. 

M'CLUSKEY LOCATION. 

In a small cove at the head of the left arm of this inlet, farther east 
than any of the other locations, is an outcrop of coal which has been 
stripped and prospected by Mr. James McCluskey. There are two 
principal outcrops of coal. One, at the foot of a small vertical bluff, 
dips at abont the angle of the beach, 25o SE., with a strike 40° NE. 
The rock above it is a coarse sandstone without fossils. 1'he seam is 
18 inches tl1ick, and is visible from low-water to about high-water 
mark or a little farther. It has been excavated along its face for a 
depth of 2 feet and a distance of 100 feet. In the beach, and normally 
covered by the· sand and gravel, are several other parallel seams of 
coal, separated by variably thick beds of shale and slaty sandstone. 
The upper layer is the best and clearest and does not exceed a foot in 
thickness. Below this seam is 6 or 8 feet of shale, and then a parallel 
seam of brown lignite mixed with bright coal and thin leaves of shale. 
This contains many particles of fossil resin ·and impressions resembling 
woody fiber. Owing to the wash over it, the full extent and uniformity 
of the seam could not be distinctly seen, but it appeared to include 
about 3 feet, with the central portion somewl1at more shaly than the 
rest. Whether this mass is a local thickening of a seam elsewhere 
thinner, or part of a uniform bed, can be determined only by more 
extensive exploration. The rocks about this mine are less disturbed 
than in the more western portions of the area about the inlet, and the 
prospect of continuity in the veins is therefore somewhat better. 

This outcrop is tbe only one in the inlet in which work has been 
recently done, and nearly 100 tons of coal have been taken out. The 
coal has met with a ready sale locally. 

A.n a!lalysis aflords the following data for the upper scam in the 
beach: 

Analysis of coal from McClus~ey claim, Alaska. 

r; -- y~-:.;~1 
I ~:;:::~:e~~~~~~ -~~~ ~~~~~~~-~: ::::: :::: · 4~: ~: I 

L 
~o.ke ...... ------ ............. ---- --- <~7.93 j 

sh . _____ .. __ .. _____ .... _ .. _ . . . . . . . . . 4. 88 

-- ------~- ___ I_ 

The coke is dull and coherent, the ash of a yellowish color, the per­
centage of sulphur 0.67. 

This coal, as will be noted on comparison, is very much better than 
any df the other Kootznahoo coals analyzed. The ash is less than 
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one- third as much as the least amount noted in any other coal from this 
basin~ and the proportion of fixed carbon is considerably greater, while 
the proportion of sulphur is not excessive. It bas been used accept­
ably on some of the small steam vessels which ply in the archipelago. 

·As a. rough test, some saeks of it were turned over to the engineer of 
the Patterson's steam launch with a request that he would see what 
results could be had from it. The launch is No. 18, with coiled tubular 
boilers. About an hour's steaming was done. 'l'he engineer·reported 
that the coal burned well, developed about three-fourths the steaming 
power of the Wellington (B. C., Cretaceous) coal usually used, and was 
decidedly better than the Comox (B.· C.) coal. 

Comparison of Kootznahoo coals. 

C--. _Mines. 

McCluskey (114) ...... ---·. 
Sepphagen (115) .... _ ... ____ 

Point Sullivan (116) .... __ .. 

Mitchell (117) -·-·-· ·--- .... 
De Grofl'(l18) ____ .......... l Nanaimo, 

n.c ______________ 
_ Mount~iablo, Cal ... _ ... _ .. 

Moisture. Volatile I Fixed 
matter. carbon. 

Per cent. Per cent. Per cent. 

2.44 44.75 47.93 

1. 66 35.40 31.80 

0.82 21.86 35.52 

2. 37[ 31.73 30.89 

2 . . 57 55.44 29.75 
--------

2.98 32.16 46.31 

14.69 33.89 46.84 

Ash. Sulphur. 

Per cent. Per cent. 

4.88 0.67 

31.14 0.32 

41.80 0.51 

35.01 0.47 

12.24 0.89 
--- ---

18.55 1. 73 

4.58 4.37 

LOCALITIES WEST OF THE ALEXANDER ARCHIPELAGO, BETWEEN 
CAPE SPENCER AND COOK INLET. 

LI1'UY A BAY. 

Mr. Henry Boursin 1 states that good-sized veins of lignite have been 
found at Lituya Bay, though no attempt bas been made to work them. 
The croppings reveal a light-weight, glossy-black lignite, which breaks 
with a conchoidal fracture and burns quickly, leaving a small per­
centage of white ashes. 

The exact locality in Lituya Bay is not stated. On a visit to that 
locality in 187 4 I made the following notes: 

''Beds of Lituya Bay.-N orth of the Alexander Archipelago, Cenozoic 
strata are first reported from Lituya Bay, where they were observed, 
and a fossil pecten collected at a height of 200 toises, by the naturalists 
of La Perouse's party. In May, 1874, while making a reconnaissance 
of the bay, W. H. Dall landed on Cenotaph Island, which appeared to 
be chiefly composed of the ordinary marine Miocene sandstones, rather 
soft, but not at this point fossiliferous. · T4is island lies directly in the 
trough of this extraordinary bay, and is remarkable in that it shows no 

'Eleventh Census, Report on the Population and Resources of Alaska, 1893, p. 230, 
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evidences, either by erosion or in the presence of erratics, of having been 
glaciated, which, if the bay had ever been filled with ice, must have 
happened. It would seem ·as if only a very small amount of erosion 
would have been sufficient to remove the whole of the relatively soft 
material of which this small and rather high islet is composed. The 
mass of the material on the beaches and brought down by the ice from 
the numerous enormous glaciers which discharge into the bay appears 
to be schistose, or syenitic, the comparatively narrow strip of relatively 
lowland and foothills in front of the main range parallel with the coast 
probably containing all the Cenozoie beds remaining there. On the 
main shores of Lituya Bay the basal rocks appeared to be massive 
syenite or granite overlain by stratified mica slates, above which was 
clay-slate with very obscure traces of fossils, and lastly, coarse sand· 
stone and conglomerate, probably of Miocene age, but from which no 
fossils were eollected. The stratified rocks seem conformable with one 
another and dip to the northwest at angles of from 15o to 75o. Their 
surfaees showed no traces of glaciation, t.hough these, if ever present, 
might have weathered away.'n 

These sandstones with the large Miocene peetens are probably iden· 
tical with the .Astoria sandstones of Oregon, the Crepidula bed of the 
section at Zachareffskaia Bay, Unga Island, Alaska, and the Nulato 
sandstone of the Yukon Valley. These beds overlie the lignitiferous 
strata wherever the section is complete, and from their presence at 
Lituya Bay there is no reason to question the assertion that seams of 
lignite also occur there. 

YAKUT.A'l' BAY. 

Near Disenchantment Bay, on the east shore of Yakutat Bay, 
according to Boursin (op. cit.), are a number of seams of black lignite 
on which several shallow shafts have been sunk. The coal is said to 
be of good quality and the seams large enough to be profitably worked. 
Mr. De Groff, of Sitka, and Lieutenant Emmons were at one time inter­
ested in this claim, and the former told me that the exact situation of 
the principal shaft was the same as Uarnp No. 2 of Professor Russell's 
St. Elias expedition.2 The aggregate thickness of the coal seams at 
this locality is stated to be as much as 5 feet. Owing to the ip:~possi­
bility of obtaining transportation to either Lituya Bay or the east 
shore of Yakutat, neither place was visited during the summer of 1895, 
and I was unable to get hold of any specimens of the coal. 

LOCAJ.,ITIES IN COOK INLET. 

This fine sheet of water extends inland more than 200 miles, and has 
a width near its entrance of over 50 miles. The western shores are 
formed by Alaska Peninsula and the eastern by Kenai Peninsula, 
which separates the waters of the inlet from those of P~ince William 

'Geology of Alaska: Bull. U.S. Geol. Survey No.8!, 1892, pp. 235-236. 
• An expedition to Mount St. Elias, .AlaHka: Nat. Geog. Mag., Vol. III, 18nl, p. 85. 
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Sound. The strata of the Kenai formation, which carry the Tertiary 
coal of Alaska, take their name from this peninsula, on which they are 
the conspicuous rock series for hundreds of square miles. The back­
hone of the Kenai Peninsula is formed by rugged mountains of older, 
mostly crystalline or volcanic rocks, with many glaciers. The sout,h­
western end of this range comes to the coast near the entrance of the 
inlet, and the mountainous tract is here penetrated by a number of 
bays and harbors. Northward from it the ueep bay of Kacbemak 
penetrates far into the peninsula, and the Kenai beds on its southeast 
si(le are much broken, upturned, and faulted. On the opposite side of 
the bay they are, on the contrary, little disturbed and have but mod­
erate dip angles, or large and gentle waves of inclination. Owing to 
these conditions coal mining on the northwest side of Kachemak Bay 
has an entirely different prospect of success from that to the south and 
east of the bay. 

PORT GRAHAM. 

This harbor, also known as English Bay, was first described by Port­
lock in 1786,1 though it had pnwionsly been known to the Hussians . 

. Portloc~ says: 

vVe landed on the west side of the bay, and in walking. around it discovered two 
veins of kennel coal situated near some billA just above the beach, about the mid.ile 
of the bay, aml with very little trouble several pieces were got out of the bank 
nearly as large as a man's head. * * * In the evening we returned on board and I 
tried some of the coal we had di~covered and found it to burn clear and well.• 

' Portlock made a chart of the bay, and named the cove under Dan-
gerous Cape, where be saw the coal, "Coal Bay." He gives a view of 
the eove, in which, however, the height of the hills is mueh exaggerated. 
Imter on the Russians established a trading post, which was called 
Alexandrovsk, on the opposite side of the bay. The presence of a large 
native village and the vicinity of the otter hunting grounds were prob­
ably the deciding reasons for this location. · About 1866 the Russians 
had decided to move their village over to the better location of Port­
lock, and bad a number of log houses set up and others partly built at 
the time of the transfer of the territory to the United States. About 
1852 the Russian American Company began to make use of steamers, 
and their attention was called to the coal described by Portlock and 
subsequently reported upon by Doroshin and Wossnessenski.3 Dor­
oshin was a mining engineer detailed to examine the mineral resource~'> 
of the colony, and under his supervision a shipload of the coal was 
obtained and taken to San Francisco to be tested. The Russian Amer­
ican Company hesitated to undertake mining operations on its own 
account, and, having entered into relations with certain Californian 
capitalisi:s, in 1852 an establishment at Kadiak was authorized by 

1 A Voyage to the Northwest Coast of America, PI'· 102-110. 4°. London, 1i89. 
2 0p. cit., p. 108. 
•See Grewingk, Beitrag znr Kenntniss NW.-Kiiste Am., 1850, pp. 39-41; and Wrangell, in Baer 

and Helmersen, Beitrage, I, pp. 168-170. 

17 GEOL, P'r 1--50 
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which the American Company was permitted to put up ice for the Cali­
fornia market. After various tests had been made, the same company 
was empowered, on raising the necessary capital, to open the coal mines 
at Port Chatham. 

In April, 1855, the bark Cyane, Captain Kinzie, left San Francisco 
for Port Chatham, where miners and mining machinery were landed. 
It is difficult at this date to obtain information in regard to these 
mining operations, which continued some ten years and supplied the 
Russians with a certain amount of coal which was used on their 
steamers. As better coal beeame available by the opening of mines in 
British Columbia, Oregon, and Puget Sound, the Port Chatham coal 
became less .necessary, and with the transfer of the territory to the 
United States the mine was finally abandoned. The disturbed con­
dition of the beds, already referred to, interrupted the mining opera­
tions by frequent faults, and it was complained that an excess of 
sulphur in tbe coal made it destructive to boiler tubes and grate bars. 
Nevertheless, like tbe Mount Diablo coal of California, wbich was even 
more objectionable, and for similar reasons, the Port Cbatham coal for 
a time served a useful purpose. In 1880 I visited the site of the work­
ings and found the tunnel inaccessible from the water which partially 
filled it and the caving in due to the rotting of the timbering. The 
works bad evidently been of a primitive kind, as there were no perma­
nent buildings and not even a pier for shipping the coal. Only a few 
pieces of worn-out, rusty machinery and the tunnel in the bluff' at the 
top of the beach remained to show that any work had ever been 
attempted here. I have seen statements that an extensive stone pier 
aud costly buildings had been erected here and large sums of money 
lost in the attempt to utiJize the coal, but, apart from the intrinsic 
improbability of such foolish doings, no evidence of the truth of the 
statements was furnished by the locality itself at that time. It is 
probable that the abandoned log houses already mentioned became 
connected with the abandoned coal mine in the mind of some visitor, 
and thus started the rumor,· though there was really no connection 
between them. At present there is no coal visible at the surface, and 
in view of the better conditions prevalent to the northwest the exist­
ence of coal seams at Port Chatham has only an historical interest. I 
add a few geological notes. 

It was at this place that Furubjelm collected a large number of plant 
remains, which formed the chief basis of lleer's report,! 'l'hese beds lie 
unconformably in depressions in felsitic rock and greenstone, nearly 
horizontally, as follows: 

1. Humus and turf. 
2. Sandstone with pebbles. 
3. Bluish sandy clay with pebbles. 
4. Plastic clay. 

1 Flora fossilis Alas kana, von Oswald Heer: Kongl. scvensk.-Vet.-Akad. lluwl'. Bd. 8, No.4, StockD 

holm, 1869. 
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5. Gray, fine-grained sandstone, 5 to 7 inches thick. 
6. Lignite, 9.to 11 feet thick, including interleaved shale. 
7. Laminated clay-shale, partly bituminous. 
8. Light-gray, rather soft limestone, with few plants. 
9. Laminateu clay. · 

10. Hartl limestone, with many plant impressions. 
11. Brecciated porphyry anu greenstone in limy matrix. 
12. Felsite antl greenstone base. 

The coal is black and brilliant, with conchoidal fracture, resembling 
that of Disco in Greenland. It contains occasional grains of honey­
yellow amber, rarely more than a centimeter in diameter. 

The plants are all terrestrial or fresh-water species.· One of the most 
common is a species of Trapa represented by many of its fruit. With 
them were found Unio (Margarita.na.) onariotis MaJ'er, a species proba­
bly related to Ma.rgaritana margaritijera I;.; Amnicola abavia Mayer; 
and Melania ( Goniobasis?) furuhjelmi Mayer, together with elytra of a 
beetle described by Heer under the name of Chrysomelites alaskanus. 
Among the plants are both Coniferoo and broad-leaved trees, the total 
number of species amounting to forty-four. 'fhe deposit appears to 
have been formed at the bottom of a lake. The leaf-bearing strata crop 
ont below the level of tlte sea and are accessible only at extreme low 
water. They dip slightly to the northward. 

'!'HE KENAI l'L.ATE.AU. 

This region includes the area west of the Kenai Mountains and 
extending along the eastern side of Cook Inlet, between Kachemak 
Bay on the southwest and Turnagain arm at the northeast. This area 
is more than 25 miles wide and over 80 miles long, thus covering at least 
2,000 square miles. The land comes to the sea in steep bluffs, generally 
with only a narrow beach at their base. The height of the lllnffs is 
greatest at Bluff Point,. near the entrance to Kachemak Bay, wl1ere it 
reaches 1,800 feet within half a mile of the water. 'fbence northeast-

. ward the strata describe a series of gentle, enormously extended waves, 
plainly visible from vessels sailing by the coast. The height of the pla­
teau grows gradually less; at Cape Kassiloff the coal seams finally sink 
below the sea level, and on the south shore of Turnagain arm the land 
rises less than 50 feet above the sea level. The upper surface is more 
or less undulating, cut by numerous streams which fonil narrow, deep 
valleys in the soft Tertiary rocks, and, according to native reports, 
sometimes rise iu large, shallow lakes which receive the drainage from 
the glaciers of the Kenai range. Nearly all this area is heavily wooded 
with spruce and larch, mixed with poplar, alder, and willow along the 
watercourses. Entrance to some of the larger streams may be had at 
high water, but the only harbor is at Kaehemak Bay. The Kenai 
formation containing the coal proballly underlies the entii·e area of the 
plateau, b~tt again it is only at Kaehemak Bay that the strata are 
elevated to their greatest height and. the lower and more densely 
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consolidated coal seams are brought near the surface. Off Anchor 
Point, we were informed, at extreme low water, fossil "oysters" (Inoc­
eramus) are abundant. It is, therefore, probable that the Kenai beds 
are <lirectly underlain by the same Cretaceou~'~ rocks which are abun­
dantly distributed on the west shore of Cook Inlet, especially at Ohasik 
Island. The conditions of time, weather, arul transportation were 
such tlmt we were unable personally to verify this information. A few 
notes on the coast north of Anchor Point will now be given, and then 
the beds at Kachemak Bay may be taken up. 
If the indications of Wossnessenski (in Grewingk)1 are correct, there 

would seem to tie :1 succession of about four gentle folds from Port 
Graham to Cape Kassiloff, a distance in a northerly direction of some 
70 miles. The lignite beds crop out at many places along the western 
shore of this area. At Anchor Uape (Kasnatchin), the northern head 
of Kachemak (or, as it is sometimes called, Chugaehik) Bay, the coal 
is nnder water, but rises northward with the flexure of the strata. At 

· A11chor Cape, Furuhjelm obtained fossil teredo-bored bituminous wood .. 
At Cape Nenilcltik, near a small native settlement, the lignite beds are 
about 35 feet above the sea, and at one place burned for many years.2 

From this locality also many fossil plants have been obtained. The 
leaves occur in a soft, pale-gray clay-slate, which can be cut with the 
knife, but which, where burned, becomes hard and red. Still farther 
north on the same shore, at Fort Kenai, Captain Howard, of the Reve 
nue Marine, obtained several fossil plants, which have been described 
by Newberry.3 Five of these were new, which raises the number of 
species actually obtained on the Kenai Peninsula to 58. 

At Cape Staritchkofi' two parallel beds of coal are visible for a long 
distance. The lower one is about 112 feet above the beach• and is sepa­
rated by !) to 12 feet of sand and clay from the upper coal bed, above 
which the blufi' rises 40 to 70 feet higher. At CapeNenilchik the upper 
bed covers about 18 feet of fine, yellow sand and is separated from 
the lower bed by about 20 feet of sand and clay. At this locality an 
Ano<lon (A. athlios Mayer) was foun<l in making Furuhjelm's collection. 

I defer any discussion in regard to their geological age until the other 
localities at which this flora occurs have been referred to. The Kenai 
beds, from the number of their contained species and their excellent 
illustration by Heer, will always be regarded as typical for the group. 

KAOHEMAK BAY.4 

This bay has been known since tbe earliest explorations of the Rus­
sians in the last century carried tbem into Cook 1 nlet. If ad va11tages 

'Beitrag, 1850, Pl. III, p. 39. 
2 This burning was first noticed in 1829. 
•Proc. U. S.Nat.Mus.1882, VoL V, pp.502-514. 
• The native name of this bay is derive<l from tho word Ka, meaning water; chek, bluff or cliff, and 

the intensive suffix mak, meaning large, l1igb, or great. The whole 'vurd, l\a-chek-1ncyk, may be trans­
lated Highcliff Bay. This name was u!etl iu the first publishe<l aml snbsecptent charts of the hay 
until1892, when tho form usee! in this report became obligatory in Government publications thronch 
tho action of tho Boar<l on Geographic Names. 
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for navigation had been the ruling motive, doubtless the Russian estab­
lishments would have been located here, but other reasons connected 
witl1 their business outweighed this. As no large streams enter the 
bay, few salmon are found in it, and it is rather remote from the otter 
grounds. Therefore, excepting the little village of Seldovia, near the 
entrance, there were no nath·e settlements in the bay, and, until after 
1880, no strong reason why there should be any. Some confusion bas 
been caused on the charts by ill-advised attempts to apply synonymous 
names to different parts of it. The native name of Kacl1emak applies 
to tbe bay proper, above a long sand spit which defends the anchorage. 
Chngar~hik Bay is the native mnne forPrinee William Somul_ Natives 
traveling· to the sound from the inlet could make a portage from the 
head of Kachemak Bay ovPr to the seacoast, thus saving lt long and 
dangerous canoe journey. From its use as part of the rm1te to the true 
Chugachik Bay, and by a corruption of the native word expressing this, 
the l{ussians came to eall Kachemak Bay "Chugaehi," thus having 
the same naine for two large bays within 100 miles of each other. This, 
of course, is very objectionable, and· the name Clmgaehik should. be 
kept for the bay to which it really belongs (i.e., Prince William Sound) 
or rejected from geographical nomenclature altogether. The name Coal 
Bay is also not free from objections, as it was the first name applied by . 
Portlock to the anchorage in Port Graham, near the coal beds there, 
ami there is another Coal Bay, not very distant, on the south shore of 
Alaska Peninsula. Kacbemak Bay was first visited by me in 1880, 
and the following notes, take1~ at the time, were included in my sum­
mary of the Kenai beds in Alaska in 1892: 1 

"Northward from .Port Graham is the entrance to a large inlet, Kache­
mak Bay, on the southern side of which four glaciers extend nearly to 
tlu3 sea level. The rocks on this side of the inlet, as observed by Dall 
in 1880, are schistose or crystalline, but the norther.n shore is of a dif­
tei'cnt character. It is formed by the bold edge of. a plateau which, in 
latitude 59° 42', rises to about 1,800 feet at a distance of 2 miles from · 
the shore. At the shore near Coal Point (a low, sandy spit, behind 
which an anchorage may be had) the bluff's rise abruptly about 200 
feet. The line of bluff's extends north and east for some 30 miles, and 
the Mioce{le plant beds crop out at marty points. In some places the 
bluff's come down to the beach; in others there is a small talus between 
them and the water, which is extremely shallow for some distance out. 
The lignite beds dip slightly to the northward and· are intercalated 
between sandstones and shales with fossil plant remains, and con­
glomerates or coarser sandstones above.· The largest seam of coal 
which was observed near Coal Point was about 7 feet thick, with a few 
thin streaks of shale in it. It is bright, clean to handle, light, and 
tends to break up in cubical fragments when dried. It resembles 
anthracite in appearance, but not in weight. ·Farther up the bay 

•Bull. U.S. Geol. Survey No. 84, 1892, p. 237. 
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better outcrops were reported, and the coal was pronounced good by the 
engineers of Sir Thomas Hesketh's yacht Lancashire Witch, who used 
it for steaming purposes in 1880, and also found it to burn well in an 
open grate in the cabin. 

''From this locality most of the plants described from Port Graham 
by Heer were identified from Dall's collection by Ijesl)_uereux 1 anti also 
nine others, making 53 species." 

The chart included in this report (Pl. LI) will give a better idea of 
the character of this fine bay than could any verbal description. It is 
taken from the Coast Survey chart of 1880, which was based on a manu­
script Russian reconnaissance by Archimandritofl', corrected in part hy 
a triangulation which extended from the long spit to the terminal­
moraine of the Grewingk glacier. 

On the occasion of o'ur present visit, in 1895, I found that M. B. 
Curtis, esq., in charge of the mining operations of the North Pacific 
Mining and Transportation Company, had occupied his leisure in cor­
recting the shore lines of the upper part of the bay by triangulation 
with a field transit and chain measurements. With his permission I 
secured a copy of his work, which greatly improves the accuracy of 
the chart and enables the precise location of the various mining claims 
to be indicated. 

Above the long spit the shores of the bay are formed on the south 
and east by schistose and crystalline rocks. 'l'o the west and south of 
Nubble Point., especially east and west of Seldovia and on the nort8. 
shore of Port ~raham, the sandstones and shales of the Kenai forma­
tion are found unconformably ovt·rlying the crystalline rocks, in depres­
sions or bays of the latter, and more or less disturbed by later changes 
of level. The coal of Port Graham and sundry small seams whieh 
have been reported near Seldovia on this side of the bay are therefore 
accounted for. The following notes were taken at Seldovia July 31, 1895. · 

The rocks about the harbor are schistose and much contorted. In 
some of the gaps between the projecting points northwest and south­
east of the harbor are patches of what appear to be Tertiary (Kenai) 
beds, which here lie nearly horizontal, abutting unconfc•rmably upon 
the schists. Oi:te such patch southeast from the entrance to the harbor 
shows a· dark, carbonaceous ~treak. Northwest from the har]:JOr a coal 
seam is reported about 5 inches thick. A piece of coal said to be from 
this seam, which was shown us in the village, was picked up on the 
beach below the bluff and is compact1 glossy, and of conchoidal frac­
ture. These small seams with a very limited area of distribution have, 
of courso, no economic value, but are mentioned because such deposits 
are often made the foundation for exaggerated statements by ignorant 
or overenthusiastic persons. 

On the north shore of the bay, from Anchor Point to the mud flats 

J Contributions to the Miocene flora of Alaska, by Leo Lesquereux: Proc. U. S. Nat. Mus. 1882, 
Vol. V, pp. 443-449, Pis. VI-X. 
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at the head of the harbor, a distance of about 35 miles, the bluffs are 
almost uniformly high, and composed of sandstones, shales, hard clay 
beds, and seams of lignite. From Anchor Point to the long spit (Coal 
Point), though a number of coal seams exist, their situation is such 
that they could not ·easily be worked economically. There is no pro­
tection for vessels. The water for some distance offshore is shoal, and 
the bottom is reported to be dangerous from the presence of scattered 
masses of rock. The seams of this part of the bluff could only be made 
available by a railway, which might be carried along the foot of the 
bluff to Coal Point, the expense of which would seriously handicap the 
miners compared with those whose works were situated inside the har­
bor. We were informed that a number of claims existed on the seams 
west of Coal Point, mostly belonging to Russian creoles of the settle­
ment at Nenilchik, some miles north of the.bay; but no one seemed to 
know whether any work had been done on these claims, or exactly 
what their limits are, and in the absence of their owners no data could 
be gathered. It appeared clear, however, that as far as the character 
of the coal seams and coal is concerned they resemble in every respect 
the other portions of the same series northeast of Coal Point. 

BRADJ,l<~Y SEA>IL 

Begin'ling at the southwest, immediately above the long spit, the 
first location is that which I examined in 1880, as previously described. 
There are several seams close together, aggregating about 7 feet, 
separated by strata ofleaf.bearing shale. The lowest of the coal scams 
is the best and thickest. This seam shows about 18 inches of clear 
coal, which is nearly the lowest of all seams exposed on this side of 
the bay, and runs from the bluff obliquely across tl1e beach as far as 
it could be followed at low water. As nearly as could be determined, 
the average dip was about 15° N., but this changed and became less 
steep gradually along the seam. This seam is said to be the one 
explored in February, 1888, upon which the Alaska Coal Company's 
entry was founded, and on which a tunnel, now caved in, was run by 
Mr. J. A. Bradley, who has devoted much energy and some years of 
labor to the development of these mines. For convenience in discuss­
ing the different coal seams, I shall refer to this one as the Bradley 
seam. Its exact location is on the beach a short distance southwest 
of the mouth of a small river, the first which falls into the bay above 
the spit as indicated on the chart. 

The coal is more compact, more disposed to cubical fracture, and 
more glossy when broken than that of the geologically higher veins 
farther :up the bay. For the use of the small steam tug Koda.t, upon 
which we were traveling, our party broke out about 15 tons of this 
coal with crowbars, and we depended upon it entirely for steain pur­
poses and galley fuel during the rest of the voyage to the Shumagins. 
The shore in front of the mine, as is the case the whole length of the 
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bay, runs of£ shoal for a mile or more, which is dry at low water, the 
range of tide in the bay sometimes exceediug 30 feet. Under present 
conditions coal can be lightered off only at favorable stages of the 
tide. Near the eastern end of the spit, however, deep 'water comes 
close to the beach with a perfectly protected anchorage, and the plans 
for utiliziug the coal of this bay which I have heard discussed have 
almost uniformly iucluded a railway out upon the spit to the deep 
water referred to. This is obviously the most convenient plan, and 
would greatly reduce the amount of wharf which otherwise would 
have to be constructed. Of course any corporation which owned the 
sp)t would possess great advantages over any other shippers of coal. 
Mr. Bradley states that the teredo, so destructive at Sitka and other 
points in Alaska, is not found in the bay, and I observed no traces of 
its work on driftwood, etc. If this exemption is a permanent one, it 
will be of a good deal of importance from a pecuniary standpoiut. 

Proceeding northeastward, the bluft's 1 which form the northern shore 
are from time to time interrupted by the canyons of small streams wllich 

_enter the bay obliquely to the shore line, almost all of them trending 
inland to the north or eastward of north. At their mouths narrow 
strips of beach land are found; almost everywhere else the sea at high 
water comes up to the foot of the bluffs. The steep sides of these can­
yons· give good sections of the strata to the prospector, and of tllese 
advantage has been tr~.ken. Three of them are the site of prospective 
coal mines on which some exploration has been doue. There are in all 
some half dozen principal canyons, besides some smaller ones. The 
southernmost locality where mining has been done is called McNeil 
Canyon (see map, I'l. r~I, facing p. 786). It was from beds in this 
locality that the coal tested by Lieut. R. P. Schwerin was obtained. 

CL'RTIS SEAM. 

Beginning to the westward and working up the bay, at a point a few 
hundred yards southwest of McNeil Canyon, Mr. Curtis has run two 
short tunnels into the bluff about 45 feet above the beach. The clear 
coal is here 4 feet 7 inches thick, with about 6 inches of iron-stained 
sandstone above it and a thick, adhesive, gray clay below. This seam 
would require timbering, to avoid caving in, if worked to any extent. 
Above thi~ are three other seams, separated by thick beds of clay or 
soft sandstone. One of these, the lower seam, is nearly 4 feet thick; 
the otllers are somewhat thinner. The strata are here nearly hori­
zontal. The coal, though lighter than the Bradley, is fairly compact, 
with a dull fracture, no visible pyrite, occasional thin lenses of sand 
or shale, aud a tendency to break up cubically. This will be referred 
to as the Curtis seam. 

M'.NEIL CANYON. 

From MeN eil Canyon, next above, in 1891, Lieut. R. P. Schwei·in, 
~ S. N., on behalf of New Yo~_parties, pr~~~~ted fol"_()oal, an~took 

I Pl. LII gives a general view of these bluffs. 
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out 200 tons of it, which was taken to San Francisco and in Septem­
ber, 1891, waG submitted to a ~cries of tests which will be referred to 
later. This expedition left no permanent works or buildings. 

The next locality is the Cottonwood Canyon, where some prospecting 
has been done and a log house built at the delta as a shelter for the 
prospectors and to hold the location .. The exploration here has not 
proceeded far. 

EASTLAND CANYON. 

Next above is Eastland Canyon, where more work has been done than 
at any other single locality on the bay. 'rhe engineer in charge, Mr. 
M. B. Curtis, offered us every hospitality in his power, and showed us 
everything which was to be seen. 

A small tramway leads back several.hundred yards into tl1e canyon, 
and at a height of 270 feet above the tide we found a vein 2 feet 4 inches 
thick of clear coal, and associated with it alte1;nate smaller seams of eoal 
and clay, or "bone," the total thickness of the series being G feet. The 
rocks here are nearly horizontal, and comprise sandstone, whitish clay 
containing large waterworn bowlders, shales, and lignite, tl1e upper 
part covered wit.h from 5 to 10 feet of reddish gravel. 'rhe bluffs attain 
a height of from GUO to 800 feet, the land behind them reaching 1,800 
feet. These explorati'ons were begun in December, 1894, by t.he North 
Pacific Mimng and Transportation Company, under the supervision of 
Mr. Curtis. About 300 tons had been taken out and sent to San Fran­
cisco for trial, and another cargo was to be shipped shortly after our 
visit. Mr. Curtis had only a few men employed, and the work he was 
doing was of tl1e nature of exploration. The development of the prop­
erty, he stated, would depend upon the results of experiments with 
the coal. 

The parties actively interested at present in these coal deposit,; are 
two corporations. The older is the Alaska Coal Company, incorporated 
December !!G, 1889, under the laws of California, with a capital stock of 
$2,000,000, distrilmted among 89 stockholders in shares of a par. value 
of $10 each. In 1891 the officers were W. H. Eastland, president; .J. A. 
Bradley, vice-president; S. M. Eastland, secretary, and the California 
Safe Dep11sit and Trust Company, treasurer. In 1895 Dr. C. H. Walker 
was president. 'rhe offices of the company are at 216-:ns Ca.lifornia 
street, San Francisco. They have expended about $50,000 in explora· 
tion.l The other corporation is the North Pacific 1\'lining and Trans­
portation Company, organized under the laws of California in October, 
1894, Joseph Rosenthal, president; Theodore Fox, vice-president; E. 
A. Parish, secretary; Leander Shores and S. Joseph Theiser, direetors. · 
The capital stock is 300,000 shares, of a par value of $10. The office 
of the company is at 19 .Montgomery street, San Franeisco. The 
expenditure of this company to October, 1895, aggregated $42,000, and 

--~----------------
t Most of the ab~ve information is derived from the company's prospect~s, 24 pp. 8°, wit.h map and 

two lithograilhic plates, issued at San Francisco in 1891. 
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I was verbally informed that 650 tons of coal in all had been taken out 
from the works at Eastland Canyon. 1 

I received the impression that these two corporations, if not composed 
of the same members throughout, were at least not competitors, and 
were sustained chiefly by capital from a common source. 

A test made by the Southern Pacific Company was of the nature of 
an investigation into the utility of the coal for railway purposes. It 
was, I am informed, determined that the liability of the coal; while 
burning under a forced draft, to throw off large ignited cinders, made 
it, if used for railway purposes, dangerous to crops and buildings in so 
dry a country as California in summer, and this disqualification was 
decisive. 

A Company:STawnsite, I6o acres 
JJ claim 640 • 

c ·pur~ • 160 • 

.D 760 

E 76o • 

Totab nso acres 

Coal Point 
10 

~7 

SCALE: 
L-d.h 0 7 2 3 

FIG. 23.-Skctcb map showing claims of Alaska Coal Company, from their !"""pectus of 1891. 

The two coal companies above described claim at present the long 
spit and the whole northern shore of Kachemak Bay inside the spit, 
under various laws or usages. If the bay should become the site of 

. mining operations, a light-house would be needed on the extremity of 
· the spit, and it would therefore be advisable to reserve from entry a 
certain portion, at least, for Government uses. So far as buildings 
are concerned, those at present standing are: {1) A house, store, and 
several outbuildings at the end of the spit, which I was informed were 

I Information furnished verbally by John ...::\.. Bradley, esq ., of San Franeisco. 
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the property of Mr. Bradley, or the Alaska Coal Company, of which 
he is a member, aml which were unoccupied at the time of our visit; (2} 
a number of buildings at the foot of the bluff near the other end of the 
spit (see A on map, fig. 23, opposite), where it joins the mainland. 
These are unoccupied and out of repair; they are nominally in charge 
of Mr. Cooper, of Nenilchik, who vh,its them occasionally, and are the 
property of the Alaska. Coal Company. 

The North Pacific Mining and 'rransportation Company has two or 
three buildings, a tramway, and a short pier at the month of Eastland 
Canyon, and houses at the mouth of Cottonwood and McNeil canyons. 
They also have one or more lighters at the cove named Bear Cove, on 
the opposite side of the hay, which is better protected than the north 
shore. These buildings were occupied by Mr. Curtis and his force of 
employees at the time of our visit. All these houses are log or frame 
structures, sufficiently substantial for their purposes. 

Samples of coal were taken as follows: No. 213, from the Bradley 
seam; Nos. 218, 219, and 220, from the seams in Eastland Oanyon at 
270 feet altitude; No. 222, from the Curtis seam. Analyses give the 
following results : 

Analysis of coal from the Bradley seam, Alaska. 

[Sample No. 213.] 

Moisture .. ____ . __ ..... ____ .... ______ . 

Volatile matter not moisture ___ ...... _ 

. Coke ...... ______ ------ ______ ·--·-- __ . 

Lsh .. --------------------------···---

12.64 

43.36 

37.14 

6.8~ 

This coal is brilliant at fracture, breaking into cubical fragments 
when dry, with duller streaks, no visible pyrite, and giving a fine gray 
ash without clinkers. The coke is dull and non coherent. The percent­
age of sulphur in the whole coal is 0.49; of phosphorus pentoxide, 0.021. 
The ash contains 12.88 per cent of lime and 5.34 per cent of ferric oxide.­
As the coal was taken out of a part of the beach covered by the sea at 
high tide, the percentage of moisture may be somewhat in excess of the 
normal. 

Analysis of coal f1·om Eastland Canyon, Alaska. 

[Sample No. 218.] 

--------------------~---~Percent I 
Moisture ............ _______ . . . • . . . . . . 11. 72 

Volatile matter not moisture...... . . . . 46. 50 
Coke ............ ___________ ........ _ _ 34. 64 

Lsh ________ ·----- .... :~~-=----~~ 
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The coke is dull and noncoherent, the ash yellowish. In the whole 
coal the percentage of sulphur is 0.40; of phosphorus pentoxide, 0.69. 
The ash contains 27.37 per cent of lime and 6.28 of ferric oxide. The 
coal was dull charcoal-black, with an apparently fibrous structure, 
breaking into elongated splinters and chips, and giving when scratched 
a dark reddish-brown streak. 

Ana.lysis of coal from Eastland Canyon, Alaska. 

[Sample Ko, 319.] 

Moisture ____________________________ _ 

Volatile matter not moisture. ________ _ 

Coke.------------------------ ____ ----~ 
Ash-----------· ___ , ________ ·---------

Per cent. I 

10.35 

52.22 
34.58 

2.85J 

The coke is dull, very slightly coherent; the appearance of the coal 
resembling No. 218. 'l'his specimen was taken from a mass wltielt had 
been exposed to the weather. The percentage of sulphur is 0.17. 

Analysis of coal f1'0m Eastland Canyon, Alaska. 

[Sample No. 220.] 

. ~rcenl 
Moisture _______ .. ---- ------ -- ---- ---- 1 l. 59 I 
Volatile matter not moisture. _____ ·_ _ _ _ 50. 70 

Coke.------------ .. ------------------ 30. 84~~ 
Ash . ____ ... ____ . _________ .. _ _ _ _ _ _ _ _ _ _ 6. 87 

------

The coke is dull and noncoherent. The percentage of sulphur in the 
whole coal is 0.22; of phosphorus pentoxide, 0.10. The ash contains 
30.86 per cent of lime and 5.17 per cent of ferric oxide. 

Analysis of coal from Curtis seam, Alaska. 

[Sample No. 222.] 

~-~-.. ---~-----.. --.~~1 ~or cent. 

Moisture _______________ .. __ .. _____ .. _ 11. 67 

Volatile matter not moist.nre. __ ...... _ 52. 37 
Coke. ________________ .... _ .. _ .. __ .. .. 21. 01 

~~sh ___________ .. _. __ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14. 9~ 

The coke is dull and noncoherent, the ash yellowish. The percent­
age of sulphur in the whole coal is 0.46; of phosphorus pentoxide, 
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0.132. The ash contains 14.39 per cent of lime and 2.13 per cent of 
ferric oxide. This coal is one of the highest in the series, and the 
lightest in proportion to mass of any examined. Its proportion of vol­
atile carbon, sulphur, and phosphorus is appreciably greater than in 
the coal of the older seams, and the lime and iron less. 

In the prospectus of the Alaska Coal Company an analysis by Thomas 
Price of a sample of coal from their property, probably taken from 
the Bradley seam or its vicinity, is given as follows: 

Analys-is of coal front Alaska Coal Company. 

-1- ------~-/ 

}Jer cent. 

---------------------1----
Moisture .... _ ... ________ . ___ ..... ___ . 

Volatile m~ttter not moisture _ .. _, __ __ 

Fixed carbon (coke) ... _ .. __ ...... __ .. 

L\sh .. ________ -.- ____ ..... _________ .... 

8.55 

32.50 

56.oo I 
2. 95 I 

-----

An analysis by Dr. Newberry of coal from Cook inlet, probably from 
Port Graham, was furnished the Smithsonian in 1869, as follows: 

.dnalysis of coal from Cook Inlet, Alaska. 

Moisture .... ______ . ___ ......... ___ ... 

Volatile matter. .. __ .... __________ .. __ 
Coke_ ... _ __ ..... ____________ .. ____ .. 

Ash ........ _ ..... _____ ... ___________ . 

Per ce:l 
I 

I Lulphur ......... ___ .... _ ...... __ .. __ . _ 

1. 25 
39.87 
49.89 
7.82 
1. 20 

This specimen had been a long time in hand before it was analyzed 
and had probably lost part of its original moisture. 

A discussion and comparison of the various coals of Kachemak Bay 
with other Pacific Coast coals and lignites will follow the descriptive 
part of this report. It may be said here, however, that when the facil­
ities for mining, timbering the works, and shipping the coal are consid­
ered, as well as its amount and quality, it is evident that, so far as our 
present knowledge goes, if the problem of the economic value of these 
deposits is not decided favorably at Kacht>mak Bay, the question can 
hardly be raised for other localities. 

LOCALITIES WEST OF COOK INLET. 

Along the shores of Alaska Peninsula west and south from Cook 
Inlet lignite beds associated with plant impressions are not uncom­
mon, and in so~e places the coal forms seams of tolerable thickness. 
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Many of the localities have attracted no attention, and those referred 
to here probably form but a small proportion of the whole number, 
since the exploration of this coast is still very, imperfect. 

It may not be inappropriate to state here that in times preceding the 
Russian conquest amber was regarded as of great value by the natives 
of this region, a very small bead of this substance being worth in native 
estimation forty or fifty sea-otter skins, equivalent at present values to 
some $20,000 of our money. Consequently the localities where it might 
be found were places of great interest to the aborigines, and the tra­
ditions still current are often useful , in identifying the presence of 
beds of this age. A few of these beads are still extant. The largest 
one known is in my possession. It was obtained from a grave on the 
island of Kadiak, traditionally regarded as that of a celebrated pre­
historic chief of the tribe. It is about 2 inches long, ovate, roughly 
three-sided, and an inch in diameter. It bas been bored for the pas­
sage of a suspensory thread, but otherwise is apparently in its original 
state. It is clear a11d of a rich wine color, resembling Levantine 
amber. The surface, though slightly irregular, is polished. Small 
grains of the same color, too small for use as ornaments, are not rare 
in the lignite beds of this region. 

In mentioning reported localities for the coal-bearing Kenai beds the 
localities for amber will therefore also be included, as where the latter 
is found the Kenai formation, from which it is derived, can not be 
far off. 

CAPE DOUGLAS. 

This point forms the southwestern point of entrance to Cook Inlet 
and is one of the localities where it was rumored coal existed. To the 
westward of the· cape is a bight where anchorage may be had. The 
cape itself is low, with rocks about it, and is composed of mostly hori­
zontal, andesitic flows, more or less interstratified with ash beds con­
taiiJing carbonaceous matter and plant remains. They are somewhat 
faulted, and the ash beds are often stream-waved and sometimes con­
tain pebbly layers. Among the plants were Sequoia langsdor:ffii (Brgt.) 
Heer, and fragments of ferns, Equisetum, coniferous leaves, grass 
leaves and stems, reeds, and other indeterminable vegetable impres­
sions, doubtless of the age of the Kenai formation. The promontory 
forming the western head of the bay is composed of a very level layer 
of columnar andesite, about 40 feet thick, with a talus of material 
derived from it and indications of leaf beds below. 'L'he top of both 
promontories has been moderately glaciated and shows· a few erratics. 
The agency might have been an extension of the glacier whose stream 
now discharges into the head of the bight, as the grooving points that 
way. The rocks are a good deal decomposed on the surface, but the 
influence of the glachition seems to have been devoted to planing off 
rather than to scoring. No coal seam of any economic value· was 
observed in this vicinity. 
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AMALIK HARBOR. 

This locality is situated on the south shore of the peninsula, in about­
latitude 58° 5'. Behind Takhli Island there is a good anchorage, well 
sheltered from all winds. The coal seams are on the main shore oppo­
site the island and close to the entrance. The rocks are chiefly coarse 
sandstones, resting conformably on an andesitic agglomerate and con­
taining andesitic pebbles. These sandstones have a thickness of 250 
feet or more and dip_ about 30 NE. Low down in the series are strata 
of stream-bedded, sharp gravel, in layers about 5 feet thick, with three 
seams of impure coal, each about 18 inches thick. About 4 inches of 
this is pure, glossy coal, having a bituminous aspect. Unlike most 
Alaskan coals, it soils the hands when touched, and is said to be good 
for use in a blacksmith's forge. These beds are broken off to the east 
'pya granitic dike, weathering reddish, and were probably once covered 
by a more recent basalt which forms the mass of the adjacent hills. 
'l'his basalt is irrupted into the sandstone, in some places inclosing 
blackened masses of sandstone. The sandstones show bits of carbon­
ized vegetable matter and impressions of reeds, etc., recalling those 
found at Cape Douglas, but no ide:Q.tifiable plants. 

An analysis of this coal affords the following results: 

Analysis of coal j1'0nt Amalik Harbor, Alaska. r;= .. 
1 M01sture -----· ...... _______ ...•.. ___ _ 

I Volatile matter not moisture ........ . 
oke ......... ____ .. ___ .. ____ .. _____ _ 

sh ...... ____ ............ ______ .... . 

----- -

l'er cent. 

1. 62 

36.56 

52.:: 1 

8.~ 

The ash is yellowish and the coke rather brilliant and coherent. The 
percentage of sulphur to the whole coal is 0.7.5. It is evident that this 
is a pretty good coal, and contains more fixed carbon and less moisture 
than any other Alaskan coal of which we have an analysis. The small 
dimensions of the seam, however, forbid anticipating any commercial 
future for it, though it may be useful for local purposes. 

KATMAI. 

Katmai Bay, some miles westward from Amalik Harbor, is the site 
of a village and trading station. 'J:he portage across the mountaius of 
the peninsula ends here. On this portage both coal and petroleum 
have been found, the exact locality not being stated. 'J:he latter is a 
dark lubricating oil, which is said to float on the surface of certain 
ponds or lakes. No information could be obtained about the coal, but 
it almot;t certainly belongs to the age of the Kenai beds.1 

'Tenth Census, Report on Alaska, p. 87. 
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KADIAK ISLANDS. 

Tertiary beds occur in various places on the islands of the Ka<liak 
group, both. of Kenai age and of the later Unga beds containing Miocene 
marine fossils. 

On the island of Kadiak marine Miocene strata are found, and among 
the specimens brought back by W ossnessenski were clay ironstones 
conta.ining plant remains referable to the Kenai group. These stones 
were used by the native women for reddening the inner surface of 
dressed skins, and the only indication of locality for them iH that they 
came from the northern part of the island. About the middle of the 
island, surrounding bgak Bay, at the old settlement of Orlovsk, and 
on the northern shore of Miliuda Bay next southward, and on the 
opposite side of the island, part of the shores of U gauuk Bay and,of 
U ganuk Island in the bay, sandstones with· lignite in thin seams, over­
lain in places by marine sandstones like thof'c of Unga, are reported 
on the authority of Kharitonoff and other Russians familiar with the 
island. 

RED RIVER. 

Coal exists in a clay bank near the beach at Red River, Kadiak, of 
which a specimen was obtained by Dr. Becker and Mr. Purington. An 
analysis affords the following data: 

..J.nalysis of coal from Red Riner, Alaska. 

-~ -~· F:~r 
IC---· --·-

1

1 Moist~uc ____ -~-- •... --.-- .... ---------112.31 
Volatile matter not moisture . . . . . . . . . 51. 48 

I Coke.--------------·---------··--·--- 33.80 
f Ash ........ ____ ------·----- ...•.. ____ 2.4~ 
L_ _________ ------· .-

Tbe coke was sooty and noncoberent. The percentage of sulphur to 
the whole f\Oal was 0.17. 

SITKINAK ISLAND. 

Several years ago a number of veins of. coal were discovered on the 
high island of Sitkinak, in the southwest part of the Kadiak group. 
The mineral is said to possess good steam-making qualities, but to be 
inconveniently situated for access. 1 

Y AN'I'ARNIE BAY. 

On the south shore of the peninsula, in west longitude 1570 10', 'is a 
small bay called Yantarnie, near which, in the lignite bearing beds, 
amber was found and traded by the natives of the peninsula with the 
Kadiak Eskimo.2 

'E!~venth Census, Report on Alaskn, 1893, p. 78. 
•Bull. U.S. Geol. Survey No. 84, 1892, p. 239. 
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COLD BAY. 

Though no strata evidently of Kenai age were found in this bay, yet 
there were in severalplaces fossil wood and vegetable remains. Near 
the northeast part of the harbor, east of a stream which comes in here, 
the rocks consist chiefly of calcareous sandstones, or sandy limestones, 
containing numerous concretionary nodules and some pebbles. I1rtbis 
nearly horizontal limestone, which IS very massive and weathers into 
most bizarre shapes near the shore, we found a small seam of carbona­
ceous shale with occasional thin laminre of clear coal. This shale is 
only a few inches thick. In shaly streaks of the limestone were vege­
table impressions resembling those note(l at Cape Douglas. On the 
other side of the stream, above the anchorage, these strata were arched 
and dipped 300 NW. On the opposite side of the main bay, well up 
on the hillside, was found a calcan~ous shale, with impressions of pine 
needles, above which was a heavy bed of conglomerate covered by a 
hard, perhaps andesitic, rock of igneous origin. From fragments fallen 
from above it seemed that this rock is more coarse-grained and friable 
higher up. It is unconformable with the other rocks. In the limestones 
near the south point of entrance impressions of reed-like plants and 
much fossil wood were observed. No coal seams were observed in this 
vicinity. 

CHIGNIK BAY. 

This is a large bay, much misrepresented on current charts, with 
several anchorages on the southwest shore, and at the southwestern 
extreme a large lagoon, into which a good-sized river flows, ca::-rying 
the drainage from a series of large lakes. On this lagoon is a salmon 
cannery which puts up several million pounds of salmon during the 
season, and employs a stern-wheel steamer and several launches in its 
work, besides using a large amount of fuel to run the machinery of 
the works. Of late this fuel has heen supplied from local coal seams 
situated on the river about a mile above the point where it enters the 
lagoon. We were fortunate enough to reach the cannery belonging to 
the Alaska Packers' Association on the last day of the season, thus 
having an opportunity of inspecting the works in operation, and of 
taking a trip to the coal mine on the steamer belonging to the works 
as she made her last trip of the season. She can make the trip only at 
certain stages of the tide, as at low water the upper part of the lagoon 
is 11early dry. The distance from the cannery is about 8 miles. Mr. 
William D. Smith, the su,perintendent, was mo&t courteous, and we are 
under obligations to him for facilitating our work by every means in 
his power. 

CHIGNIK RIVER. 

After threading the very tortuous cb·annel of the upper part of the 
lagoon, where the water hardly exceeded 3 feet in depth and the bottom 

17 GEOI:, PT I--51 
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in some places seemed fmrly paved with flatfish, we entered the river, 
which was about 100 yards in width and runs between perpendicular 
low bluffs of Tertiary sandstone. The ehannel here varied from 4 to 6 
feet in depth. A few miles from the sea there is a large lake G or 8 
miles long, which connects by 5 or 6 miles of river with another lake, 
said to be as large as the first. In these lakes the salmon-spawn. 

About 1885 a coal seam was discovered by a man named Henderson, 
but he did not take steps to maintain his claim, and was followed in 
possession by Robert Lee, who did some exploration and worked at the 
mine during four years, taking on t several hundred tons of coal. Lee 
sold his rights to the Alaska Packers' Association for $1,76.3 in 1892. 
I!11893 they proceeded to develop the mine after a crude fashion, using 

Small spit in.Ooris Cove.· 
Latitwie ······SO"l9'20"N. 
J.ongitiu:k 7S8 • 24' 26"iY. 

SCALE 
c===~J====~m~==='~~==~uM"U£5 

\)N~L 
&::') 

Aflailikl. 

FIG. 24.-Sketch of Chignik Bay, showing location of coal mine; corrected from the charts by 
oqservations made in 1895 by W, H. Dall. 

the coal for the canneries. During the summer three men are employed, 
who take out about 2~ tons of coal a day, at a cost of $3 a ton. About 
350 tons a year, or 1,000 tons in all, have, so far, been mined here. 
During the winter two men are employed, a11d paid at the rate of 25 
cents an hour, working as much or as litt,le as they please. There is no 
machinery, and the work is done by blasting, the coal being run out in 
wheelbarrows. The mine is directly on the bluff, on the left bank of 
the stream. The beds dip N. 250 E. and the strike is N. 15o to 200 W. 
The bedding is very regular on the whole, with a few small slips. The 
coal occurs in one small seam, about 16 inches in average thickness, of 
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which 1 inch is a more or less regular streak of sandstone. Above this 
seam are about 11 inches of hard sandstone and 0 inches of coal, 
About 6 feet higher is a 6 or 8 inch seam, very adhesive to the roof, 
which is of a very firm sandstone. The coal is solid, clean, bright, 
with no visible pyrite or lime. The rocks are of a brownish sandstone, 
gray where not weathered. There are few fossils, mostly stems or 
reeds, with an occasional leaf of a deciduous tree. One specimen of 
Sequoia Langsdorfii was obtained. · 

There are two 0-foot tunnels, about 40 feet apart and 240 feet long. 
The only timbering is in the form of"uprights that have been put in to 
support the roof, which, though of exceptional strength, shows signs 
of weakness in spots. The upper tunnel has been robbed to a width of 
40 feet in the clear in some places, with a single crosscut to the lower 
tunnel. We felt obliged to warn the workmen, who are old coal miners, 
that if supports were not speedily furnished a cave-in might be confi. 

· dently expected during the coming winter. 
The seam comes to the surface of the ground in a ravine about 30 feet 

above the upper tnnnel, aiid has been traced inland more than half a 
mile. 

Experiments in burning at the cannery, according to the engineer in 
charge, show that 118 pounds of Chignik equal100 pounds of Welling­
ton (B. C.) coal. It does not clinker nor soot the tubing. The ash is 
granuiar, and reddish-gray in color. The coal gives very little smoke, 
and is a satisfactory steaming coal. · 

An analysis· of specimens of this coal, taken from the vein in place, 
affords the following data: 

Aualysis of coal from Chignik Bay, Alaska. 

!,-; ~ 

l
!oisture ______ ----- _____ -· _____ ------ 1. 89 

~=~:t~~~ ~~~~~~~ -~~~ -~~-i~~~~~: ~ ~::: :::: :~: :~ 
Ash -- - __ . _ - __ . _____ -- - ___ - - - - __ - . - - -_ 8. 18 

The coke is brilliant and coherent. The percentage of sulphur in 
the whole coal is 1.71. 

DORIS COVE. 

On the south side of Chignik Bay, a little to the westward of the 
southwestern headland, is a small anchorage, surveyed by me in 1874, 
now known as Doris Cove, situated in about latitude 560 20' and west 
longitude 158° 24'. Here an outcrop of sandstone belonging to the 
Kenai group was observed, from which a number of fossil plants were 
collected. The bluff's here are about 500 feet high, consisting of a 
series of sandstone, slates, and conglomerates, with thin leaves of 
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lignite, the whole nearly horizontal, and extending several miles toward 
Tuliumnit Point. From the specimens obtained six species of plants 
were identified by Lesquereux.1 

COAS'I' FROM CHIGNIK BAY TO PORTAGE BAY. 

A. short distance southwestward from Chignik Bay (west longitude 
159°) the leaf and lignite beds crop out again on the south shore of 
the peninsula at Coal Cape. Southwe8t of this cape lies the small 
group of Chiachi Islands, surveyed by me in 187 4. Here the bed rock 
is syenite, unconformably overlain in places by sandstones and con­
glomerates, the latter sometimes of waterworn material and sometimes 
of sharp gravel, with vegetable remains. The sandstones are often 
altered by outbreaks of reddish lava in large masses, and all the rocks 
at this locality appear much contorted and metamorphosed. 

Still farther west (west longitude 16oo 35') the south coast of the 
peninsula is indented by Portage Bay, at the head of which a large 
stream comes in and a low divide affords a portage to Herendeen Bay, 
a branch of Port Moller, which indents the shore of the peninsula from 
Baing Sea on the north. West of Portage Bay other inlets enter 
-from the south in the following order, namely, Beaver and Otter bays, 
Coal Bay, and Pavloff:' Bay, the latter connected by a very low divide 
with the head of Herendeen Bay, and thus indirectly with Port Moller. 
The vicinity in which these bays are found is of extreme geologic inter­
est. From Port Moller several active volcanoes are in view, among the 
rugged :flanks of which may be seen a number of glaciers. Hot spriiJgs 
flow into the bay from a small peninsula, on which are extensive shell 
heap81 indicating prehistoric occupation of the locality by a population 
of some magnitude. Near the head of the bay Mesozoic fossiliferous 
strata come down to the beach. On the east are Tertiary sandstones 
belonging probably to the Kenai group. Fragments of lignite and bitn-i 
ruinous shale are not rare on thfl beach. At the bead of Portage Bay,l 
a few miles away, lignite beds are reported by Veniaminoff, and, a8 the' 
name indicates, they also exi8t at Coal Bay. The Pavloff volcano i8 a' 
h1gh peak, emitting smoke and occasional tlames, arid is situated on the 
west side of Pavloff Bay. From the vicinity of the mountain W ossnes­
senski obtained "good stone coal," according to Grewingk (op. cit., p. 
57), and this is also one of the localities reported to afford amber. 
When visited in 1874 by the Coast Survey parties, the shores of Port 
Moller wPre inhabited by large numbers of brown bear and reindPer, 
the rivers were alive with salmon, and hundreds of walrus sunned 
themselves on the sand-bars near the sea. It will be seen that for the 
naturalist and geologist it would be hard to :find a place combining 
more mteresting features. ' 

Masses of amber of more than ordinary size have been obtained on 

1 Pruc. U.S. Nat. Mus. for 1882, l'P· 443-449. 
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the beach at Portage Bay. I was informed by a gentleman who has 
been many years in this region that a few years ago, when searching the 
bay for salmon streams, he gathered several pounds of amber pebbles 
from the strand. 

HERENDEEN BAY. 

A deposit of coal from which great things were expected is situated 
on the peninsula which separates Herendeen Bay from Port Moller. 
An area of about 20 square miles was supposed to be underlain by 
coal, and a corporation under the name of the Alaska Mining and 
Development Company was organized in 1889 to develop it. Accord­
ing to Captain Hague, one of the stockholders, two tunnels were run 
in-one about 200 and the other about 300 feet-on a coal seam of 4 
feet average thickness. The mine was situated a mile and a quarter 
inland from Mine Harbor, a cove of Herendeen Bar, where the miners 
had their cabins. The coal was brought to the water front by a steam 
motor on a small tramway. Several hundred tons were taken out in 
1890, of which the U.S. S . .Albatross used between 200 and 300 tons. 
The annexed report 1 by the engineer of the .Albatross encouraged the 

I The following report is extracted from the Bnlletin of the United States Fish Commission, Vol. 
IX, for 1889, pp. 282-283, ·washington, 1891: 

UNITED S1'ATES FISH COMMISSION STEAMER ALBATROSS, 
Herendeen Bay, .AlaBka, July 24, 1890. 

SIR: The following statement regarding the coal received from the mine recently opened in Heren· 
deen Bay is based on the results obtained with some 80 tons of this coal, consumed while this vessel' 
was engaged in her usual work at sea under average conditions. 

The quantities of coal consumed and of refuse matter were carefuJiy measured; the behavior of 
the coal in the furnaces was closely observed, and the results obtained have been deduced from 
the entries in the steam log. 

The average consumption of the coal was at tho rate of 25 pounds per square foot of grate per 
hour. Tho boilci-s furnished the same amount of steam a.a when we have been using a fair quality of 
Wellington coal, but to obtain this result we had to burn from 20 to 25 per cent more of tho Herendeen 
Bay coal. 

The Coal ignites readily and burns with considerable flame, forming a loosely cohering cd'ke, which 
easily breaks up into small pieces; thus n consitlerable amount of small J>Urticles of coal is lost 
through tho grates. Tl!ere was a largo proportion of fine stuff in tho coal, which burnt well, but 
contained an excessive quantity of refuse matter. 

The refuse amounte<l to 26 per cent of the total weight of fuel consumed; it consists of ash and 
cimlers, no glassy "clinker being formed. The smoke produced is lighter in color than that of WeJiing­
ton coal, and less soot is formed. 

To form a correct estimate of the value of this coal for steaming purposes from the foregoing 
statement, the following facts should be taken into consideration, viz, the coal received by us was 
th., first Jot taken from this newly opene<l mine; it came from one of the smaller veins through which 
a tunnel had been driven then 200 feet in or<ler to get access to the main veins; no proper facilities 
for screening the coal existed, and in order to supply the quantity required by us a large amount of 
fin.e coal, containing much dirt, was delivered. It may be reasonably expected that, as the mine 
bPcomes further developed and pruper Mcreening facilities are provided, the amount of refuse matter 
in the coal will bo greatly diminished, and ib~ steam-generating power correspondingly increased. 
It will be, however, absolutely necessary to store this coal under shelter, as it appears to absorb 

moisture readily, and the constant rains which have prevailed in this region during the presen~ 
season would soon saturate it to such an extent as to greatly diminish its value as a fuel. 

Respectfully, 

Lieut. Commander z. L. TANNER, U. S. N., 

C. R. ROELKER, 
Passed Assistant Engineer, U. S. N. 

(1ummand'ing United States FiBh Commission Steamer .Albatross. 
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owners of the property to such a degree that an engineer was employed 
to survey the property and lay out an experimental line for a proposed 
tramway to Portage Bay, on tbe Pacific shore of the peninsula, a dis­
tance of 12 miles or so from the mine. The map herewith is a reduced 
copy of this unpublished survey, for the use of which we are indebted 
to Capt. E. P. BerendeCil. During the visit oftheAlbatros8 a number 
of fossil plants were collected and subsequently reporteu upon by Mr. 
F. II. Knowlton,r from whose introduction the following notes are 
extracted: 

"Herendeen Bay, the locality affording the specimens that form the 
basis of this paper, is on the northern side of the Alaskan Peninsula 
and forms a branch of Port Moller (latitude 550 40', longitude 1Goo 
40' :±: ). The plants were collected July 28, 1890, by Mr. Charles B. 
Townsend, resident naturalist of the United States Fish Commission 
steamer Albcttro88. Mr. Townsend has furnished the following copy of 
his notes relating to their occurrence: 

July 28, 1890.-In making a tramway to the new coal mine just opentld here 
'(Herendeen Ray), one of the slaty cuttings exposed a large deposit of fossil leaYes 
and ferns, about a mile from the beach, at the head of a little valley among the hills 
and within a few hundred yards of the mine itself. ·we visited the place twice and 
succeeded in getting a considerable quantity of specimens. Coal veins crop out in 
several places in the region of this bay. The first output of the new mine is now 
being used in the furnaces of the .Albatross, but it is from near the surface and rather 
slaty. 

".Mr. Townsend further adds: 

The country is mountainous and treeless, lmt coverecl with bnshes and smaller 
vegetation. It is in geneml volcanic, and there are lofty peaks, one of which, 
Pavloff, has been seen smoking. 

"The material in which the plants are preserved is a fine argillaceous 
sandstone, very well fitted for retaining the impressions. The vegetable 
remains are in most cases very numerous, even on small fragments of 
matrix." 

Fifteen species of plants were identified from this 1oca1i.ty, which 
will be found enumerated in the appendix on Paleobotany . 

.After pushing their tunnels to the distance stated, the vein was snd­
den1y cut off by a fault in the strata, and all attempts to recover it 
proved fruitless. The presence of a more or less active volcano in the 
.near vicinity rendered this result less surprising~ as the Tertiary strata 
have been snbjeeted to much disturbance by comparatively modern vol­
canic action along the line of this peninsula. 

An attempt to visit the locality of the now abandoned workings at 
Herendeen Bay was frustrated by the urgency of public business con­
nected with the patrol of Bering Sea, which required the services of all 
the cutters, on one of which we had expected to obtain transportation. 

By the courtesy of Capt. G. Nieba:um, of the Alaska Commercial 

'Proo. U.S. Nat.l\1us., Vol. XVII, No. 998, 1894, pp. 207-240. 
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Company, of San Francisco, a specimen of the coal from Herendeen 
Bay wa~ secured, which afforded the following amilysis: 

Analysis of coal from Herendeen Bay, Alaska . 

. The ash was of a pinkish color and free from clinker, the coke dull 
and slightly coherent. Percentage of sulphur in the whole coal, OA4. 

Unlike the workings of the other Alaskan mines of coal so far noted, 
this mine was subject to incursions of gas to such an extent as to 
require the use of safety lamps in working it, according to Captain 
Hague. 

SHUMAGIN ISLANDS. 

UNGA AND POPOFF· ISLANDS. 

South of Portage Bay, across Unga Strait, lies the island of U'nga, 
the principal island of the large Shumagin group, which extends some 
50 miles to the south and east, and is noted for its cod and sea-otter 
fisheries. The eastern islands are granitic; those in the middle of the 
group are largely composed of metamorphic quartzites and schistose 
rocks. On the island of Unga and the adjacent Popoff Island, Tertiary 
beds are well exposed. 

The principal exposure of the plant beds on the island of Unga is oh 
the western shore of Zacharoff, Zachareffskaia, or Coal Bay, which 
indents the northern end of the island tor about 3 miles. This locality 
was visited by me in 1865, and also in 1871, 18n, 1873, and 1895. The 
earlier observations of W ossnessenski and others are enumerated by 
Grewingk (op. cit., p. 97), but his details are very incomplete. 

The following section was obtained by me in 1872: 
Feet. 

1. Turf and soiL _________________ ........ _ .... _ ............................ .. 
2. Conglomerate of fine pebbles ... ___________ ........ _______________ ....... .. 
3. Conglomerate of larger bowlders .. _ .. __ .. ________ ....... ____ ...... _____ .. _ 
4. Sandstone with marine fossils (1 foot) .. _ .. ___ .. _ .. _ ...... _ .... ____ ..... _ ... !!00 
5. Thin friable sandy shales (6 inches) ........ _ ......... _ ................... .. 
6. Conglomerate like No. 2 __ .. _____ ........ _ ..... _ ........... _ ........ _ ..... . 
7. Very coarse conglomerate (2 feet) ......... _ ..... _ ..... _ ................... .. 
8. Sandy shale with indistinct plant remains_ .. _ ........... _ ..... _..... .. . . .. t 
9. Thin leaves of lignite aggregated,into three series of 3 feet each, interstrati­

fied with beds of sand and gravel of variable thickness, with some pyrites 
and peroxide of iron, total about_ ....... _ .. __ ..... _..... .. .. .. . . .. .. .. .. 40 

10. Soft sandstone and gravel without large pebbles and little indurated ....... 150 
11. Another series simila.r to No.9, but with none of the coal more than 8 inches 

in thickness, very pyritiferous ___ .. __ .... ____ .. __ ...... _..... .. .. .. .. . .. . 200 
12. Clay ironstones with leaf impressions to the beach................. ... . .... 4 
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The total height of .the cliff is between 500 and 600 feet; two-thirds of 
it is precipitous, the rest more sloping; the crest is perhaps a third 
of a mile westward from the water's edge. The strata are somewhat 
waved in a north-and-south direction, and dip to the westward from 50 
to 20°. PI. LVI shows these cliffs as seen from across the bay. 

Below ordinary low water another seam of coal is said to exist. 
The best veins of coal in the cliff are about a foot thick, hard, clear, 
and black except where weathered. It slacks up into small cubical 
fragments on exposure. There are three of these foot veins, sepa­
rated by about 10 feet of sand and gravel. Over the middle vein is 
very friable blue shale, about 4 feet thick. Over the upper vein is a 
4-inch layer of sandy shale containing many plant impressions, from 
which the collection submitted to Lesquereux was chiefly· derived. 

The coarser conglomerate (Nos. 3 and 7) contams some iron and 
weatbers black on the face of the cliff. In a section published in a 
prospectus of a coal·mining company these black bands, which can be 
seen miles away on the face of the cliff, were indicated as coal veinsi 
as in fact a distant observer would take them to be until otherwise 
informed. 

The species of plants collected at this locality were examined by Les· 
quereux, and proved to be identical with those from Cook Inlet; eight 
species were identified .. 

In the conglomerate (Nos. 6 and 7) many pieces of rolled silicified 
wood were found, some of which were bored by teredos. These beds 
are evidently a beach formation, presaging the depression which fol­
lowed in which the marine bed above them was laid down. I have 
cal1ed them the Unga conglomerates; and the marine stratum, which 
will be referred to later, from the great abundance of Crepidula prm· 
rupta Conrad, I have called the Crepidula bed. It conformably over­
lies the others, and there can be no doubt of the continuity of the 
sedimentation through the whole series of lignitic and marine strata 
in this locality. 

Fossil wood, referred to Pinus pannonicus, has been obtained at 
Dclaroff Harbor, in the southern part of Unga, and some large pieces, 
collected on the beaches and forwarded to Dr. Newberry in 1873, were 
stated to be apparently cycadaceous. 'l'hese may have been derived 
from adjacent Mesozoic strata. According to John Dix, a miner at the 
coal vein referred to, the mountains inland from the bay consist largely 
of similar sandstones. 

The northeastern extremity of Unga Island and the northwestern 
part of Popoff Island are composed of sandstones and conglomerates 
similar to the upper part of the bluff in Zacbaroff Bay, but they rise 
to only about 50 to 75 feet above the sea, and are broken and cut by 
dikes and larger intrusions of basaltic Java and diorite, and near the con­
tacts are much altered and intersected by veins of chalcedonic quartz. 
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On the western edge of Nagai similar rocks exist above the meta­
morphic schists and quartzites, but they are greatly altered and con­
torted and cover but a small area in comparison with underlying beds. 
It is probable that part of the island of Sannakh is composed of similar 
strata. 

John Dix, above mentioned, worked at getting out coal from the Unga 
beds for some years. Messrs. Henry and Alexander Tibbey have since 

(Q) 
Gulli. 

~ .................. ····~~) 

UNGA ISL. 

:FIG. 25.-Sketch of Zacharefl'skaia Bay, Unga Island, Shun:agins, showing l~cation of lignite beds. 

located on the bay, and have taken out small quantities of coal from 
time to time, which has been sold for local purposes. ·The water on the 
west side of the bay is shallow, and in going ashore with a smaU boat to 
examine the workings, August 81 1895, we found hardly water enough 
half a mile from the beach to float the boat. · 

The Messrs. Tibbey have been interested in these mines for nine 
years and have been resident here for two years. Their workings 
were half a mile farther south than the point where the section given 
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was taken, but the succession of the strata is essentially the same. 
Three tunnels had been made. That at the lower level bad be<'n 
pushed HlO feet, but being poorly timbered, had caved in. The next 
above, corresponding to No. 11 of the section, showed an IS-inch seam 
of dull coal fairly free from slate; above this were half n; dozen small 
seams, 4 to 5 inches tllick, of impure coal, partly brilliant and partly 
dull, the fissures much reddm1ed by iron oxide and with mauy thin, 
sandy or shaly larninre. In spots iron pyrites is very abundant. These 
seams arc separated by wider uands of carbonaceous aluminous shale 
or gray, sandy layers. See Pl. LVII for view of this tunnel. 

The tunnel from which this coal was obtained is about 6 feet high by 
8 or 10 wide, and has been driven in about 20 fMt. It seemed about 
200 feet above the bay. About 100 feet higher is a third tunnel, of 
about the same size, partly timbered, with much percolating water. 
The coal here, probably correspondi:I,1g to No. 9 of the section, is in 
very numerous small seams, varying from one-fourth of an inch to 
2 inches in thickness, with bands of carbonaceous shale intermixed. 
The whole is of such poor quality as to be of little importance, so that 
tbis tunnel has not been worked of late. 

At the Apollo mine, at Delaroff Harbor, in the southern part of the 
island, it was stated that a test of this coal had been made with 
unsatisfactory results, on account of the excess of sulphur and ash 
contained in the lignite. This confirms conclusions announced by tbe 
writer after an examination of the Unga coal deposits more than thirty 
years ago. 

Specimens of the bright-colored and of the dull-colored lignites from 
tbe main seam were obtained, of which the following analyses have 
been made: 

AnalyBeB of coalf1'0m Unga Island, Alaska. 

Upper, Lower, 
bright. dull. 

--I~ 

Moisture ______ . ______________ . _____ . __ _ 

Volatile matter not moisture ________ - __ _ 

Coke----·-------·------·----_------ ___ _ 
Ash--·--· ____________ -----··-----------
Sulphur. __ --· . _____ ·- ______________ -___ ._ 

PP-r cent. Per cent. 

11.26 

40.51 
41.24 
6.99 

2.17 

10.58 

66.21 
15.26 

0.56 
7.!lu-

~----------------------------~------·----

The ash in the upper bed is drab; in the lower, yellowish. The coke 
from both is dull and noncoherent. Much of the coal has a larger pro­
portion of sulphur than that above mentioned, as the pyrite is very 
irregularly distributea. 

At one time a company was formed to work the beds at Unga, under 
the title of the Alaska Coal Company. ~rhis was. an earlier and a dif­
ferent company from that formed under the same name with interests 
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in the mines at ,Kachemak Bay, Cook Inlet. According to the pros­
pectus, the present company was organized September 21~ 1871, under 
the laws of the State of California. The capital stock was $5,000,000. 
The president was W.A. Aldrich; the vice-president, W. H. Taylor; 
the treasurer, W. H. Sears; and the secretary, James T. Hoyt. The 
offices of the company were at room 63, Merchants' Exchange, Califor­
nia street, San Francisco, Cal. 1 

There are several reports by perfectly reliable persons in San Fran­
cisco on tests made with t)lis coal, printed in the above prospectus, 
which can only be accounted for on the supposition that coal from some 
other locality in some way became mixed with the supposed Unga coal 
which was tested. 

In March, 1872, with a party, the writer dug out about 14 tons of 
this coal for use in stove and galley on the U.S. S. Humboldt. Coal 
was needed badly, but the opinion was un~nimous that this coal was 
extremely objectionable from the very large amount of sulphur, which 
gave out offensive fumes while burning, and the extraordinary quantity 
of ashes. The coal burned very rapidly, and was certainly not more 
than one-fourth as efficient as Seattle coal, which w.e had previously 
used. As in other Alaskan coals, there was practically no clinker and 
very little smoke. It is of course possible that in other parts of the 
seam the quality may be better, but on the whole our opinion of the 
U nga coal is unfavorable. 

LOCALITIES IN THE ALEUTIAN ISLANDS. 

In the chain of islands extending westward from the peninsula there 
are- many which are more or less volcanic, but the chain is older than 
the volcanoes and volcanic islands it contains, and many of the islands 
are composed of sedimentary or metamorphic rocks. The chain doubt­
less marks a very ancient line of weakness or faulting in the earth's 
crust; and nearly all of the volcanoes are relatively very modern devel· 
opments, due to geological changes which have been in progressive 
operation since early Mesozoic time. 

AKUN. 

Proceeding westward, the first island upon which lignitic beds are 
reported is Akun, where Postels 2 states he was t0ld that coal exists. 

UNALASKA. 

The northern part of the island of Unalaska is better known than 
the rest. The principal harbor, Captains Bay, is surrounded with 
massive beds of andesitic rock and some basaltic lava; but several 

I Prospectus of the .Alaska. Coal Company (etc.), San Francisco. Women's Coop. Printing Co., 1871, 
so, 18 Pl'·• 2 I. unp.; cut. 

• Voy. Seniavine, 1836, vol. 3, p. 21. 



812 REPORT ON COAL AND LIGNITE OF ALASKA. 

localities in the interior of the island, according to tradition, afforded -
amber, and consequently should possess lignitic deposits. In the 
autumn of 1871 I endeavored, with a small party and au Aleut guide, 
to discover one of these so-called amber beds. The expedition reached 
the main ridge of the island some miles south from Captains Bay, and 
found the rocks to consist almost exclusively of syenite in mountain 
mao:ses, overlain in some places by thin beds of clay and sand, appar­
ently the result of decomposition of the syenite itself. The amber lake 
of Aleut tra.dition is a small body of water conneeted with two others. 
Above the lake rose a precipitous crag of conglomerate, 2,000 feet in 
height by estimation, the horizontal la.yers very distinctly bedded, 
graduating toward the top into hard, altered sandt>tone, very black 
and flinty. No fossil:;~ could be found in it, but the weather became 
so inclement as to render it necessary to return without making au 
exhaustive search, and these beds may eventually prove to belong 
to the leaf-bearing sel'ies. The Aleuts declare that the disintegrated 
sandstone in former times afforded occasional bits of amber, which 
were obtained from the gravel around the edge of the lake. 

Another locality for amber, and inferentially for lignitic strata, is 
reported by Veniaminoff, from statements by the Aleuts, to exist in the 
western part of the island, in the mountains near the head of Makrofski 
Bay. Here there is said to be a lake containing an island of friable 
sandstone and unconsolidated gravel out of which the Aleuts formerly 
obtained small pieces of amber. 

Marine Miocene beds exist on Makushin Bay, near the north-northwest 
base of the volcano 'of the same name, hut no leaf beds are reported at 
this place. On the eastern shore of Port Levasheff, W ossnessenski 
obtained small fragments of lignite, whic~ he supposed to have been 
brought down by streams from lignite beds in the interior of the islands, 
the adjacent rocks being clay-porphyry. 

Slate Point, 2~ miles eastward from the entrance to Chernoffski Har­
bor, is composed of a black stratified material, perhaps belonging to 
this series, but which has not been closely scrutinized. 

UMNAK. 

On the northwestern end of the island of Umnak, the next westward 
in the chain, near Tnlikskoi Volcano, is a lake overhung by a cliff of 
unconsolidated beds. The Aleuts were in the habit of stretching a 
seal hide between two kayaks and dislodging this earthy material, 
which would fall upon the hide, and was carefully washed for amber. 
Near Cape Yegorkoflski, Eschscholtz and Chamisso collected fossil 
dicotyledonous wood from the bed of a lake which had been drained by 
changes due to an earthquake. 

ATKA. 

Westward from U muak many of the smaller islands are volcanic, and 
but little is known o{ any of them until the island of Atka is reached 
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(1740 west longitude). On the western side of the north part of this 
island it is indented by Korovinski Bay, from which several small arms 
extend southward and northward. The north shores are composed 
chiefly of nearly horizontal layers of volcanic breccia dipping slightly 
to the northeast and rising to 1,000 feet, interstratified with beds of 
ashes, ciuder:S, and solfataric clays, in some of which marine Miocene 
fossil shells occur. On tbe south shore, especially on the east shore of 
Sa11dy Bay, are found pieces of fossil wood of a gray color, wlnch burn 
slowly, and other pieces which are silicified. They appear to lie under 
the soil, between the latter and a conglomerate resembling that ofUnga, 
composed chiefly of rounded porphyritic pebbles, capped on the eastern 
portion with partly columnar basalt. 

Nazan Bay, on the east side of the island, opposite Korovinski Bay, 
and separated from it by a low isthmus, exhibits highly altered beds 
of conglomerate and volcanic breccia, nearly horizontal and dipping 
slightly to the northwest. A more compact, flinty, greenish metamor­
phic rock, with a similar dip but more contorted and much intersected 
by dikes of basalt, is the material of which the south shore and the 
islets protecting the anchorage are composed. 

ADAKH. 

On the west side of the island of Adakh is a harbor called the Bay 
of Islands, the northern shores of which are composed of coarse sand­
stones like those of the Kenai group, dipping in general to the north­
east. rrhey are greatly altered by basaltic and frothy lavas, which 
have burned the sandstones overlain by them to a red color. No fossils 
were found in them when examined by me in 1873. 

AMCHITKA. 

The island of Amchitka is notably low and level compared with most 
of the Aleutians. At Constantine Harbor, on the northeastern shore, 
the ro~ks forming its eastern coast are crystalline and probably vol­
canic. The west side of the harbor appears to be composed of low 
bluffs, not exceeding 60 feet high, of a much altered conglomerate. 
Westward about· a mile is Kiriloft" Bay, a small; rocky indentation, 
formerly the site of a village (1849), but now deserted. Here the con­
glomerate and sandstones are less aitered, and specimens oflignite and 
fossil wood were collected by Wossnessenski. Still farther west small 
veins of lignitic coal with plant remains are reported by Shayeshnikoft: 

KISKA. 

The island of Kiska has a fine harbor (west longitude 182° 30'), which 
is protected on the east by the island of Little Kiska. The shore 
belonging to the main island borders on the water in many places as 
steep bluffs to 200 feet high, composed of a coarse conglomerate, of 
which the upper layers merge into' a breccia of volcanic material, but 
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obviously arranged in water. These are broken through by eruptive 
clay-porphyries of a greenish color, rising to 150 feet, and capped over 
all by a basaltic or coarsely-crystalline syenitic rock, in some places 300 
feet thick. On the bluff of Little Kiska, facing the harbor, the porphy­
rite appears toward the southwest unconformably over them, and dip­
ping northward are sandstones resembling those of the Kenai series, 
but in which, in 1S73, no fossils were found. Covering those, and 
extending to the northwest point of Little Kiska, is a magnificent cliff 
of the crystalline eruptive rock before referred to, which here forms 
enormous prisms, five-sided, from a foot to 20 inches in diameter, stand­
ing vertically in the cliff like organ pipes, and sometimes continuous as 
a single prism to the length of more than 50 feet. 

ATTU. 

The westernmost of the Aleutian chain is the island of Attn, which is 
destitute of modern volcanic rocks. The harbor of Chichagoff, at the 
northeastern end of the island, is surrounded. chiefly by metamorphic 
slates and quartzites, diorite, serpentine, and clay-porphyry, probably 
Mesozoic, and much contorted. It was reported by the natives that 
fossil wood was occasionally found on the beaches toward the western 
part of the island, but no Tertiary rocks .or sandstones were observed 
by our party in 1873. 

LOCALITIES IN NORTHERN ALASKA. , 

NUNIVAK ISLAND. 

Northward from the Alaskan Peninsula little is known of the geology 
until the island of Nunivak is reached. At the northeastern extremity 
of this island is an anchorage surveyed by me in 1874. Here the 
shores, though abrupt, are low, and composed of much-altered sand­
stones, nearly lwrizontal and more or less overlain by recent basaltic 
lavas. In the interior small volcanic cones, or hills resembling volcanic 
cones, were observed and supposed to be the source of these lavas. 
From their appearance _ftnd their relation to the lavas it is probable 
that these sandstones belong to the Kenai group. 

On a subsequent visit to this locality, Etolin Harbor, Dr. George M. 
Dawson described the shores as bordered by horizontally bedded· 
olivine-diabase of a very porous and cellular character. It is possible 
that during the work of surveying, which occupied nearly all my time 
while at Etolin Harbor, I was misled by the appearance of these vol­
canic beds, as there was very little leisure and the weather was stormy, 
but I remember that one or two bits of fossil wood were seen in t.he rock 
I took for a sandstone, and which tended to confirm the impression 
that I ha,d before me an altered member of the Kenai group. How­
ever, if this does not occur here, we owe to Dr. Dawson the discovery 
of a new locality where Kenai sandstones are covered by recent basalts, 
just across the strait from Etolin Harbor. 
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POINT VANCOUVER. 

The northern shore of this point is stated by Dr. Dawson 1 to form 
scarped bluft"s or cliffs rising from the edge of the sea, and presenting 
fine exposures of sandstone and sandy shales, well bedded, and dip­
ping southward at low and 1mdulating angles. At the extremity of 
the cape these beds appeared to be horizontal, and on the south side 
seemed to lie at higher and more irregular angles. These sandstones 
are gray, bluish, and brownish in color, rather soft, and sometimes 
nodular. They contain a very few dirty seams of coal ot lignite, of which 
the thickest seen measured only a few inches. There are also in the ' 
sandstones numerous carbonaceous fragments and occasional fossil 
leaves, among which Juglans amtminata Beer was identified by Sir 
vVilliam Dawson. 

Upon the beach at Vancouver fragments of vesicular basalt were 
observed by Dr. Dawson, and he was led to suppose that the stratified 
rocks are capped by basaltic flows in the higher hills a short distance 
inland from the extremity of the cape. The latter is a bold promontory, 
which probably rises to a height of 1,000 or 1,500 feet above the sea. 

THE YUKON TERRITORY. 

In the Yukon Valley, and thence to the shores of Norton Sound, a 
large area is occupied by lignite and leaf. bearing sandstones of the 
Kenai group, a smaller portion of which are overlain by the Nulato 
marine sandstones, analogous to the Crepidula' bed of U nga in age, but 
containing a different series of fossil shells. 

COAST OF NORTON SOUND. 

On the seacoast between Unalaklik and Tolstoi Point these strata are 
expm>ed, much contorted, and dip generally at high angles. At 'l'olstoi 
Point they are met by the later basalts which southward form the 
shores of the sound, St. Michael and Stephens islands, and adjacent 
islets. In October, 1867, t.hese expmmres were examined by me, and 
from notes and sections made at the time the following. description is 
condensed. 

Southward from the mouth of the Unalaklik River, along the sea­
shore for 6 miles, stretches a low, level plain of sand, soil, and turf, 
horizontal and from 5 to 20 feet thick. Then the alluvial layer rises, 
and below it is vh:;ible bluish or yellowish clay, soft, but distinctly 
bedded and dipping north by east 28° to 45°. It is 30 to 40 feet thick, 
covered by about 3 feet of soil, The lower layers of the clay contain 
fragments of silicified wood and lignite, sometimes preserving the 
original form of the trunk, but commonly b.roken. This continues a 
quarter of a mile to a small creek (No.1), on the farther side of which 

. . 

'Bull. Geol. Soc. Am., Vol. V, 1894, pp. 134-135. 
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appear beds of indurated sandstone, overlain by the clay and soil and 
underlain by u. blackish shale, the succession being as follows: 

Feet. 
1. Soil and clay, the latter sometimes absent .......................... __ ....... 3 
2. Greenish sandstone, dipping N. 35° to <!0° ............... __ ........ , .... ___ .. 25 
3. Blackish sandstone, dipping N. 35° to 40° ....... __ ............. ~............ 20 
4. Shale, dipping 30° easterly .............................................. __ . 10 

This series continues about 3 miles to Creek No.2, along the shore, 
but the shale comes up so as to be exposed for only about 200 yards. 

From Creek No.2, along the shore for half a mile, we find blackish 
sandstone, with seams of shale 20 feet thick dipping SE. 8oo, covered 
with clay and soil. This is succeeded. by a gray sandstone 30 to 40 
feet thick, with a dip of 45° NE. for nearly a mile, followed by 200 
yards of the black sandstone, 40 feet thick, dipping SE. 65°. Then a 
turrited blu1f of gray sandstone, vertical, 50 feet high, with seams of 
quartz and layers of shale and fragments of carbonized vegetable mat­
ter. Under this the black sandstone shows again on a level with the 
beach, both dipping NW. 85° for half a mile. The clay and two kinds 
of sandstone continue to crop out, with occasional layers of dark­
colored shale and slaty rock dipping from north by east round to SE •. 
300 to 85o, to Tolstoi Point, the last 2 miles being formed of clear gray 
sandstone in bluff's 30 to 70 feet high, dipping NW. 70° to 80°, until 
the lava is reached at the point. 

TOPANIKA. 

Creek No. 2 is locally known as Topanika, and at its mouth is a camp­
ing place where the natives go to catch fish. 

Following Topanika Creek easterly into the hills the greenish and 
blackish sands dip more· and more steeply to the east, interleaved with 
shaly layers containing leaves and vegetable remains, among which 
leaves of Platanus nobilis Newberry, a foot across, were collected in a 
fine state of pre~<ervation. 

Farther inland the same rocks become vertical and then dip toward 
the west, the beds resembling the radiating ribs of a fan. About 2,000 
feet of these beds are continuously exposed without faulting, with the 
same fossils at intervals all the way. These beds extend inland between 
the sea and the Yukon River, where theyappear again. 

ULUKAK RIVER. 

Starting from Unalaklik up the river of the same name, a branch 
called the Ulukak, about 2 miles above the Indian village of lktigalik, 
affords a fine exposure of these rocks, as follows, beginning at the base: 

Feot. 

1. Argillaceous, unfossiliferous, slaty rock, the layers of which become progres-
sively harder downward ................................. - .. - .. --- ... ---- 220 

2. Shale, with some lignite, showing l1lack ............. - ...... -- .... ---. ------ 2 
3. Argillaceous shale, with leaves of Platanus ......... --- .................. ---- 15 
4. The same, without fossils ......... __ ......... , ........ '. .. .. . . .. .. . . . . . . .. .. 15 
5. White sandstone (probably marine) .................................. : ..... 20 
6. Sand and soil to surface.... .. . . .. . . .. .. .. .. .. .. . . . .. .. . . .. . .. . .. . .. .. .. .. .. 10 
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The whole series dips conformably NNW. 250 to 550_ 

This is the only locality on the river between Unalaklik and the vil­
lage of Ulukak (some 30 miles in a direct line, but 60 by the river) 
where fossils were observed. The rocks, as on the coast, were more or 

_less folded, and the dip is irregular. 

LOWEK YUKON VALLEY. 

The Yukon Valley affords numerous exposures of the same group of 
sandstone along the right bank of the river. The first locality noted 
in ascending the river is just below Andreieft'ski fort, an old Russian 
trading post. High bluffs of black sandstone come down to the river 
just above the fort and continue for 10 miles, and just below the fort 
is the last small exposure, where a seam of bituminous shale about 6 
inches thick was observed by me in 1868. This had been worked a 
little for fuel by the Russians, but abandoned, as the material was too 
impure to burn well. It dips in a westerly direction. Ascending the 
river, the sandstones are next observed along a stretch of about a mile 
near the native village called by the Russians "Starry K wikhpak." 
Two miles and a half below lkogmiut mission the sandstones along 
a strip of 3 or 4 miles alternate with older metamorphic and later 
trachytic rocks. Some layers of the sandstones here weather of a 
whitish color, dipping in a northwest direction with more or Jess fold­
ing and alteration by the action of the eruptives; Similar exposures 
appear near Koserski village; and at Loflm's, which is nearly in the 
same latitude as Tolstoi Point, Norton Sound (p:reviously described), 
the sandstones begin to form the main mass of t.he strata exposed 
along the river, though the quartzites appear here and there. The 
sandstones in general dip toward the northwest at angles varying 
from 20o to 450, A short distance below Kaltag a small seam of lignite 
occurs. 

UPPEK YTTKON AND NUI.ATQ. 

Above Kaltag the bluish sandstones of the Kenai group are over­
lain by brownish marine sandstones, which are best exposed just above 
Nulato, and hence have been named by me the Nulato sandstones.' 
They occur in successive waves or folds, extending in a northwest-and­
southeast direction and cut nearly at right angles by the river. At 
some points eruptive rocks have forced their way through, tilting the 
sedimentary rocks nearly vertical and altering them near the contact 
with the erU:ptives. The blue sandstones occasionally appear above 
the level of the water. 

About 7 miles below Nulato, on the south side of a level space or fiat, 
a small bluff appears, at the extreme end of which the sandstones are 
nearly vertical. Here, between two contorted layers of shaly rock, a 

I Bull. u.s. Geol. Survey No. s~. 1892, pp. 246, 331. Also Am. Jour. Sci., 3d series. Vol. XXIV, 
pp. 6, 7, 8, July, 1882. 
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small coal seam was examined in December, 1866. It has been squeezed 
out above and below, forming a mere pocket about 2 feet thick and not 
over 20 feet long on the exposed face. The shales contained obscure 
vegetable remains, but were much altered, probably by the heat evolved 
at the time they were folded. The average dip IS N. 45o. The coal 
is good, but there are apparently only a few tons of it. The shales are 
conformable with the brown sandstoue, which, however, is a marine 
formation, in whwh this deposit ofhgnite is a very exceptional incident. 

Nulato marine Sltndstones.-Above Nulato appears to be exposed the 
highest of these sandstones, wbich there form blufl's 60 to 100 feet high, 
and farther up the river reach to 200 feet. In May, 1866, I obtained 
from the upper part of these beds Modiola, Tellina, lVIytilus, Gastro­
chama, and Mya, with worm tracks and obscure vegetable remains. 
The general appeamnce indicated a littoral formation.1 These sand­
stones extend along the river fi·om Kaltag to the Koyukuk Mountain 
and westward to the Kuthlatno and Ulukak rivers and the eastern base 
of the Shaktolik Hills, forming a sort of patch, approximately 90 miles 
northeast and southwest and not more than 30 miles wide, lying on a 
mucb larger area of Kenai sandstones. The latter form the mass of 
the hills between the Kutelno and Kuthlatno rivers and of the Shak­
tolik Hills. They extend on the Yukon above the Koyukuk Mountain, 
which is apparently of intrusive crystalline rock, eastward on the 
north bank to the Melozikakat River. Above Nulato they first appear 
about 5 miles above the bluff just mentioned as affording marine 
fossils, and there conformably underlie the marine sandstones and are 
themselves underlai1i by a hard black slate. 

Near Melozikakat the bluffs appear also on the left bank, which is 
rarely the case on the Yukon below the Ramparts. Russel1 2 has also 
noted the leaf beds 15 or 20 miles below the mouth of the Melozikakat, 
on the right bank of the Yukon, in connection with an interesting 
series of faults which they exhibit. 

Ozocerite (?).-In eonnection with this lignite-bearing series a note on 
another earbona<~eous deposit may be in place. The party corc.ruanded 
by Lieutentant Stoney, United States Navy, while exploring in the vicin­
ity of the headwaters of the Colville, the Noatak, and Kowak rivers, 
north of the Yukon, were obliged to traverse large areas of barren, tree­
less tundra, and here tl1ey found on the-surface.rather abundantly scat­
tered masses of a brown material resembling powerfully compressed 
peat, recalling pitch in hardness and weight, but not brilliant nor dis­
posed to melt with heat, but making a clean cut, like "plug" tobacco, 
when whittled with a knife. This material was sufficiently inflammable 
to ignite and burn with a steady flame on applying a match to a corner 
of it, so tbat in their cold and weary journey it formed a most welcome 

• Cf. Dall, in Am Jour. Sei., 2d series, Vol. XLV, 1868, pp. 97-98. 
2 .Bu!l. Geol. Soc . .A.m., Vol. I, 1890, p. 108. 
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snbstitu.te for wood or other fuel for the camp fire. The geological 
relations of this substance arc unknown; it presented no traces of 
organic structure under an ordinary magnifier, but its nature and geo­
graphic location suggest that it may be connected with the lignite· 
bearing beds to the south of it, which we have just described. 

KOWAK RIVER LIGNITES. 

About 75 miles above the mouth of the Kowak River, which empties 
into Kotzebue Sound through Hotham Inlet, extensive deposits of lig­
nite, associated with sandstone, shale, and comglomerate, were discov­
ered by Lieut. J. C. Cantwell, United States Revenue Marine, and 
party, while exploring under direction of the Treasury Department in 
1884, The coal belt on this river is about 30 miles wide, and passes 
through a series of high and partly timbered hills. It is often exposed 
along the river bank, and is frequently associated, as at Kenai, with 
beds of day. It is soft, friable, and jet black in color. These beds lie 
directly in the trend northwesterly from the main body of beds of the 
Kenai group north of the Yukon, and there can be. little, if any, doubt 
that they belong to the same series. The opinions which would connect 
them with the beds of coal on the Arctic coast, near Cape Lisburne, 
are, of course, erroneous. It has been determined by the observations 
of the Corwin party, 1 in 18851 that the eoal beds of the Kowak do not 
extend to the valley of the Noatak, and can not, therefore, be contin­
uous with those at Cape Lisburne. 

CAPE BEAUFORT COAL 1\'I:EASURES. 

In regard to tl1ese last, it may be noted in passing that Silurian fos­
sils, brachiopods, corals, and crinoids have been collected by Buckland, 
Fischer, Kupreanofl", and myself at Cape Lisburne a11d the adjacent 
Cape Thompson. A few miles farther up the coast, coal is found about 
a quarter of a mile away from the beach at Cape Beaufort. This coal 
is of a .very different quality from the lignites of the southern part of 
Alaska, and from the presence of corals, apparently referable to the 
epoch of the Carbcmiferous period, wl1ich were collected from the debris 
of the rocks adjacent, it bas been assumed to be of that age. Similar 
coal crops out below low-water mark in many places northward to Point 
Belcher, and is pushed up on the beaches by the grounded ice floes so 
that in some places nearly the whole of the beach gravel is made up of 
small fragments of coal. From this region Lcsquereux 2 has described 
Iriti8 alaskana, collected at Cape Lisbume by Henry D. Woolfe, and 
Newberry 3 enumerates from the same locality and collector ten species 

1 Cruise of the Corwin in 1885, House Ex. Doc. No.l53, 49th Congress, 1st session, Washington, 1884; 
see p. 76. 

'I'roc. U.S. Nat. }lus.l887, Vol. X, p. 36. 
• Proc. U.S. Nat. Mus. 1888, Vol. XI, pp. 31-33. 
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which he regards as Neocomian, and which Professor Ward, 1 'enumer­
ating publications on Alaskan paleobotany, considers to indicate a 
Lower Cretaceous or possibly Upper Jurassic age. It seems tolerably 
certain that strata covering a considerable range on the geologic 
column, beginning with the Silurian, are represented in the vicinity of 
Cape Lisburne, and that the coal-bearing strata may be Mesozoic 
rather than Paleozoic. 

The following notes are condensed from those which were contributed 
to the Eleventh Census report on Alaska by Mr. Henry D. Woolfe: 

Along the beach and coast line from Cape Lisburne for at least 40 miles an exten­
sive and well-defined coal field exists. I was engaged for two seasons in exploiting 
'these deposits. Research developed the existence of a body of coal extending over 
an area of 25 square miles. There are along the coast line for the distance men­
tioned numerous veins of coal from which the whalemen obtain supplies of fuel. 
The coal is of the t~pe of semibituminous lignite. It makes steam quickly, but 
there is a very large percentage of ash and clinker, and its constant use causes an 
early burning out of furnace bars. • " • At present the whalemen dig ont their 
supplies from the surface veins, climbing the cliffs to obtain it. • * * ·with any 
wmd, except from the east or southeast, there is no protection on the coast men­
tioned, and the work of boating the coal oft' to a vessel lying at some distance from 
the shore is difficult and in windy weather dangerous. With the ice pack offshore 
a lee is obtained which makes smooth water and facilitates coaling. The limit of 
the important coal-bearing area to the north is at Cape Beaufort, though small seams 
are seen farther on. Between the seams bands of clear ice intervene, and I have 
noticed on the shelving banks of a small creek that runs through the coal land an 
oily exudation resembling petroleum.z 

Mr. W oolfe's geology is a little peculiar, but since he has had more 
personal experience than anyone else with these deposits it was 
thought best to refer to his opinions. 

WAINWRIGHT INLET. 

There is a river, sometimes called the Koo or Koog (which simply 
means river), which falls into Wainwright Inlet. On the banks of this 
stream, in 1R89, Mr. Woolfe found coal of a better quality than that at 
Cape Beaufort. It appears to be a light but hard lignite, burning 
briskly and with but little ash. He states (op. cit., p.133) that it exists 
in large quantities, but the streaiU is shallow and has a bar at its 
entrance, and therefore the mineral could be gotten out only by means 
of lighters. 

It may be mentioned that traces of lignite were found upon Wrangell 
Land by the Corwin party. 

While referring to the su~ject of .Alaskan paleobotany, it may be 
noted that a few species of fossil plants are enumerated 3 by Professor 
Lesquereux as collected at Sitka by E. W. Nelson, but some doubt. 
exists. as to the correctness of this locality, though the specimens are 

1 Eighth Ann. Rept. U.S. Geo!. Survey, Part II, 1889, pp. 924-926. 
• Eleventh Census, Alaska, pp. 132--133. 
•rroa. U.S. Nat. Mus., Vol. X, 1887, pp. 35-37. 
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doubtless Alaskan. J. Felix 1 has described a ·fossil wood (Pityoxylon 
incequale) from the "basalt mountain south of Danaaku," Alaska, a 
locality about 50 miles north of the northern end of Lynn Canal, in 
southeastern Alaska. A general summary of what has been done in 
Alaskan paleobotany was published by ·Mr. F. H. Knowlton in 1894 2 

and his list of tbe species known from these beds, with the additions 
made by our collections in 1895, bringing the list to date, is included in 
Appendix I to this report. · 

GENERAL DISCUSSION OF THE COALS OF ALASKA. 

ECONOMIC CONDITIONS. 

Between peat and lignite, lignite and brown coal, brown coal and 
bituminous coal, bituminous- coal and anthracite, the difi'erences are 
only of degree, and no absolutely characteristic differentiating defini­
tions of them can be formulated which will be of universal application. 

The .Alaskan fossil fuels, as far as yet observed, belong to the group 
generally included under the head of lignite or brown coal. Taking 
the coals of Kachemak Bay, the coal of the Curtis seam is, according 
to the classification of Zinck en, 3 earthy or fibrous brown coal, while 
that from the Bradley seam is in large part" glanzkohle." Nearly all 
the beds show successive or combined layers of both aspects. When. 
the beds are cut by later volcanic dikes the coal in their vicinity is 
often converted into an anthracitic natural coke. This is reported to 
have occurred in Queen Charlotte Islands and at Herendeen Bay. In 
such cases the supply is always limited and the beds are disturbed 
more or less by faulting and pret>sure. The bright, clean, cubically 
breaking, brilliant '' glanzkohle" is often mistaken by prospectors for 
anthracite, but has less specific gravity and a wholly different structure. 

The fibrous brown coal retains many of the characteristics of the 
woody matter from which it was derived; the ''grain" of the tree is 
often perceptible, and the blocks break up into elongated pieces like 
chips, rather than into angular fragments as does anthracite, or into 
cubical blocks as docs the glance coal. 

The brown coal, when scratched, gives a brownish streak, from which 
its name is derived, as the mass itself is black or almost black. The 
glance coal gives a blackish streak, and the intermediate qualities vary 
between the two. 

The literature on the Pacific Coast lignites is not extensive. The 
first publication I have noticed, that of Brown, 4 barely alludes to them; 
and Zincken's monograph, already referred to, gives few details for this 

'Zeitschr. Deutsch. geol. Gesell., vol. 38, pp. 483-484, Leipzig, 1886. 
2 Proc. U.S. Nat. Mus., Vol. XVII, No. 9U8, pp. 207-240 aml Pl. IX. • 

. • C. F. Zincken, Die l'hysiographie derBraunkohle, Hannover, Carl Riimpler, 1867; 8°,x, 828 pp:, 3 pls. 
4 On the geographical distribution and physical characteristics of the coal fields of the North Pacific 

Coast, by Robert Brown: Trans. Edinburgh Geol. Soc., 1869, pp. 1-23. 
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region, while the analyses, being absolute instead of proximate, are not 
available for comparison, and help little to estimate the practical eco­
nomic value of the fuels deReribed. 

Bailey Willis has described the lignites of the Great Sioux Reserva­
tion,1 between the Grand and ·Moreau rivers, South Dakota, but their 
lack of economic value renders the account of only);eological interest. 

ANALYSES. 

The search for published proximate analyses of lignites in general 
bas been singularly unfruitfnl, nearly all the analyses found being abso­
lute, and therefore of little economic value, and even when proximate, 
generally confined to a statement of the moisture, volatile matter, fixed 
carbon, and ash, even tbe sulphur being omitted. 

In the course of the international survey of tbe boundary of the 
forty-ninth parallel, Dr. George M. Dawson was attached to the British 
party as geologist, and among the-publications of tbe commissioners is 
one treating on the lignites of the region traversed. 

Analyses of thirteen samples of lignite from the Souris, Porcupme, 
and Big valleys, in tbe vicinity of the forty-ninth parallel, are given by 
Dawson 2 and may fairly be compared with the Alaskan ligmtes, being 
probably of a not very different age and ebaracter. 

The average of these analyses, computed for comparison, with the 
moisture estimated at 12 per cent, ,gives fixed carbon 41.10, volatile 
matter 41.41, and ash 5.55 per cent. 

Of these lignites Dr. Dawson says: 

The lignites, it will be observed, are on the whole uniform in composition, and 
contain an average amount of over 40 per cent fixed carbon when the water content 
is estimated at 12 per cent. They thus fall somewhat behind the lignites given in 
Table II, from Wyoming, Utah, etc., and which are found in proximity to the Rocky 
Mountains and parallel ranges, and have probably been somewhat .improved by meta­
morphism simultaneous with their elevation. The lignites here described, however, 
gaiu some advantage, in a practical point of view, from occurring in a horizontal 
position and outcropping in the sides of valleys in such a way that they might he 
worked by simple adits, avoiding the expense an<l trouble necessary when vertical 
sinking has to be resorted to in the first instance, as in the case of some of the other 
localities named, where the beds are often highly inclined or nearly vertical. 

It is a disadvantage that none of those yet found yield a coherent coke. ~ " * 
The lignites examined merely shrink somewhat in size during the expulsion of the 
volatile combustible matter, and turn out of the crucible in a dry, incoherent pow­
der. 'I'he volatile matter is, as might be expected, comparatively poor in luminous 
gases, and the lignites would consequently be of little use in the manufacture of 
illuminating gas. 

The ash is generally of pale colors: gray and white, passing into yellowish-white, 
being the prevailing shades. One or two only yield a deeply colored ash, which is 
then of a brick-red color. It is small in amonnt in most of the specimens, and does 
---·· --------------

"' 1Bnll. U.S. Geol. Survey No. 21, Washinl);ton, 1885, 8°, 16 pp., 3 pl., 1 map. 
•Report on the Tertiary lignite formation in the vicinity of tho forty-ninth pamllel, by George M. 

Dawson: Brit. N. Am. Boundary Com., Geol. Hept. of Progress for tho year 1873, Montreal, Lovell, 
1874, pp. 27-31, so. 
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not usually appear of a nature to form troublesome clinker. The lignites when 
burning yield a ]leculiar empyreumatic odor, ])Ut no smell of sulphur, al1d indeed, 
as might be foreoecn from the nature of the ash, the quantity of sulphur present is 
very small. • * • 

The lignites do not appear to be suited for smithy pUrposes, and .the smiths who 
tried them reported it difficult to obtain a welding heat. The same fault has been 
found, I believe, with even the best classes of similar fnels found in the vicinity of 
.the Union Pacific Railway, and arises, no doubt, from the great proportion of vola­
tile, combustible matter to fixed carbon, and the quantity of hygroscopic and com­
bined water. As the lignites do not coke, they would appear to be unsuited to the 
smelting of iron in the blast furnace, though it is possible they might be economic­
ally employecl for this purpose in the raw state, especially if mixe!j. with a propor­
tion of woorl charcoal and burned in furnaces of not too great height. (Excellent 
charcoal is, I believe, made from similar lignites in Germany, by treating them in 
coking ovens in the state in which they are extracted from the mine.) They are 
perfectly suited for puddling iron, and the metallurgical treatment of various ore& 
if burned in gas furnaces. Similar fuels have already been extensively employed in 
this way at Golden City and other localities in Colorado, and in the mining districts 
of the Southern Rocky Mountain region, and appear several years ago to have com­
manded prices ranging from $2 to $4 per ton at the pit's mouth. Similar and even 
inferior lignites are extensively used for steam purposes in various parts of the world. 

The following table is a portion of that given for comparison by 
Dawson as Table II: 

Composition of lignites from various States and counb·ies. 

I 
. Mois. Fixed Volatile :-l 

---- __::~~ __ ~ _:rbon. ~atter. ~:-__ ~aly~~ 

Average air-dried wood_ ... _ 

Amer~can lignites: 

1. Golden City, Colo .. _. 
2. Carbon,W'yo ________ _ 

3. Evanston, Utah_._ .. _ 

4. Murphys, Colo ....... ) 

5. ChestnutR.,Montana 

6. Marshal mine, Boul­
der, Colo., average 
of 5. 

7. VanDyke,Wyo ...... 

European lignites: 
8. Zsemle, Hungary ____ . 

9. Wildsthut, Austria. __ 

18.55 

13.43 
6.80 
8. 10 

13.831 
3.00 

16.00 

8.12 
I 

12.60 
26. 15 

10. Dax, France ........ _ ....... 
I 

25.69 

45.57 
49.72 
47.67 
44.44 
43.50 
41.50 

53.23 

55.20 
39.12 
44.11 

53.99 1.77 

37.15 3.85 J.T.Hodge. 

35.48 8.00 Do. 

3L60 9.67 0. D. Allen. 

35.881 5.83 J~ '1'. Hodge. 

41. 5o 1 12. oo A. C. Peale. 

38.00 4.50 A.L.Ford. 

36.65 2.00 J. 'r. Hodge. 

27.85 4.35 Schrotter. 

19.15 15.581 "'g""':J 50.80 4.99 Schrotter. 

Dr. Dawson remarks that No.7 was regarded by Hodge as equal to 
the best lignite of the Rocky Mountain region. It has more moisture 
and less ash than the Alaskan lignite from Amalik Harbor, which, ou 
the other hand, has only 0.75 per cent of sulphur, while that of Van 
Dyke has probably three times as much. 

The difference for practical purposes, however, is trifling, and the 
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!Amalik Harbor lignite stands higher in :fixed carbon and lower m 
moisture and sulphur than any other American lignite, except the Van 
Dyke, of which I have sitcceedcd in finding a published analysis. It is 
surpassed in these qualities only by a few European and New Zealand 
varieties of brown coal or lignite, and has less moisture than even any 
of tlwse. 

The most fruitful source of information about the Pacific coals is a 
little book by Watson A. Goodyear/ who has edited the chapter on the 
coals of California for the report of the State Mining Bureau for 1888,2 

This, while not monographic, and rather brief, is perhaps the best gen· 
eral account of these coals which is accessible to the general reader. 

An early account of the Mount Diablo lignites, with some analyses, 
which we have included in our tabulation, is given by Prof. J. D. 
Whitney 3 in his Geology of California. 

Analyses of Pacific Coast lignites. 

[c=coherent coke; its absP:nce=noncoherency.] 

~-----~--

1 Locality. Authority_ 

---~- ---~------ ~1 

Volatile 

~'~~·.· c~'fb~~s ·Z::~t~~- Ash. p~~~-
m~ttter. 

[-
Pebble Creek, Columbia County, 

Oreg. 
Pebble Creek, East Fork, Colum­

bia County, Oreg. 
Pebble Creek, Upper Fork, Colum­

bia County, Oreg. 
Pebble Creek, East Fork, Colum, 

bia County, Oreg. 

---

U.S.G.s ····--

.... -do···-·----· 

·----dO .. ----·--

_ .... do-- ·-····· 

HodgeCreek 1 Clat.sopCounty,Oreg . ...... . do .......... . 
Do .. --. __ ----· .. -._------·----· .. -·.do_-· .. ____ . 

Coal Creek, Clatsop County, Oreg _ ..• __ .do . ____ _ 

Shaw mine, Lincoln County, Oreg .. ~ ... do ......... . 
Yaquina basin, _Lincoln County, ..... do ..... ... . 

Callahan's mine, Douglas County, ...... do ......... . 
Oteg. 

-~---~--

Pe·r ct. Per ct. Per ct. 
10.03 43.40 29.98 

12.23 42.47 34.29 

10.83 41.05 c43.17 

10.07 44.52 32.18 

g_og 41.26 c46. g1 I 
8. 86 40.06 c46. 79 r 
8. 91 41.54 c47. 23 ! 
g,lt 41.15 33.59 
8. 53 39.95 c45. 79 

1. 96 43. 6g 51:11 
Oreg. I 

L---------------~·-------'~ --------

----

Per ct. Per ct. 

16.5913.69 

11. 01 3. 19 

4. 95 

13.23 

3.85 
4. 29 
2. 32 

17.15 
5.n 

3. 251 

2. 47 

3. 97 

1. 30 
1. 31 
o. 3g 

o. 95 
2.00 

l. 66 

'The Coal Mines of the Western Coast of the United States, San Francisco, Bancroft, 1877. go, iv, 
153 pp. 

•Reports of California State l\fining Rureau. Vols. I-XI, go, 18go-1g95. These reports contain coal 
data as foliows: 

II. Receij>ts at San Francisco of Pacific Coast coals, 1ggo-g1, p. 25. 
IV. Report on coals of the Pacific Coast, pp. 255-279. 
V. Statistics of yield of Mount Diablo mines and analyses, pp. 102-105. 
VII. Report on California coals, by W. A. Goodyear, pp.ll7-178. 
VIII. Notice of Livermore (Cal.) coals,pp. 26-30. 
IX. Coal product of the State, pp. 323. 
X. Corral Hollow anol Livermore coal field, a report by W. A. Goodyear, pp. 91-95; Notice of Mount 

Diablo coal mines, p.165. 
Jam 11lso indebted to the director of the bureau for an opportunity to examine manuscript coal 

statistics and analyses in the possession of the office 1 some of which are printed in tho accompanying 
table of Pacific Coast lignites. 

•Geological Survey of California, Geology, Vol. I, lg65, pp. 27-31, 4°. 
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Analyses of Pacific Coast lignites-Continued. 

Locality. Authority. 

Volatile! 
Mois- cornbus- Fixed 
ture. tible carbou. 

matter. 
Ash. 

825 

Sul­
phur. 

1-----------~ ------1-------------
Per ct. Pe>· ct. Per ct. Per ct. PeT ct. 

Beaver Ilill mine, Coos County, U.S. G. S . . . . . . . 10. 42 42.21 43.1R 

Oreg. 
N ewp<irt mine, Coos County, Oreg ...... <lo ......... . 

Seattle, Wash ..................... Hanks ........ .. 
Do.............. . .. :.do ......... . 

Do...... .. .. .. . . . .. .. . . . .. .. . .. Symington ..... . 

·wellington, British Columbia .......... <lo ......... . 

Do .................................. do ........ .. 

Ntinaimo, Brit,ish Columbia ........ J.D. Whitney .. 

Bellingham Bay, Washington ..... : .... do ......... . 

Coos Bay, California .................... do---------· 
San Mateo, Cal. ........................ do ......... . 

Mount Diablo, California ............... do ........ .. 
Do .................................. do ......... . 

Do .................................. do ........ .. 

Do ................................ do ......... . 

11.94 
11.66 

6. 70 

5.00 
4. 00 

4.00 

2. 98 

8. 39 

20.09 

17.54 
13.47 
14.69 

13.84 

14.13 

41.48 

35.49 

38.32 

40.00 

30.25 
34.00 

32.16 

33.26 
32. 50 

3fi. 93 

40.36 
33.89 

40.27 

37.38 

37.85 

45.98 

47.99 

50.00 

5\.l. 75 

49.50 
46.31 

45.69 

41.98 

43.00 

40.68 
46.55 

44.92 

44.55 

4. 19 0. 69 

8. 73 

6. 44 

6.·m 
5. 00 

15.00 
12.50 

18.55 

12.66 

5. 34 

3. 53 

5. 52 
·4. 58 

0. 97 

3. 94 

1. 32 
0. (3 

Corral Hollow, California ............... do . . .. . . .. .. 20.53 35.62 36. 35 7. 50 
Do ............... , ............. U.S.G.S ....... 9.95 47.64 30.45 11.96 4.59 

Livermoremine,,California ........ Price ........... 18.08 
Do .................................. do.......... 20.78 

Summit mine, California·........... \Y. D. Johnson. 16. 00 

Willits, Mendocino County, Cal... Hanks.......... 9. 00 
Del Gabian, San Benito, Cal. ............ do . . . . . . . . . . 18.40 

Tejon Pass, Kern County, Cal ........... do .. .. .. .. .. 10.47 

l'anocbe Pass, Kern County, Cal ....... do .. .. . .. • .. 13.73 

CajonPass,SanBernardinoCounty, ..... do.......... 9.67 

Cal. 

Lexington, Santa Clara County, ..... do........... 16. 50 

Cal. 

Santa Clara mine, Los Angeles ..... do . .. .. .. . .. 7. 87 

County, Cal. 

39.30 

31.00 

41.75 

10.00 

31. 1:> 
34.60 

31.73 

27.67 

29.50 

29.93 

35.61 

42.46 
34.00 

41.75 

30.00 

44.86 

31. 54 

46.53 

47.00 

49.53 

7. 01 

5. 70 

8. 25 

39.25 

20.45 

10.07 

23.00 

16.13 

7. 00 

12.67 

Cheney mine, San Diego County, ..... do ......... . 10. 00 30. 40 35. 35 5. 36 

L
c~o ............................ . 

Average ..................... ___ ............... . 

..... do .......... 23. 00 40. 27 46. 82 11. 25 

11. 55 36. 13 42. 10 9. 79 

Analyses of Californian brown coals. 

Locality. 
I Volatile -:.l 

Moisture. m~~ter c!~b~~-- -Ash. , 
moisture. 

-------------------1-------
Prie•t Valley: 

Drabble mine-

Upjlertuuncl, upper vein ................... .. 

Lower tunnel, upper vein .... ................. . 

l 
Upper tunnel, lower vein* .. ................ . 

Lower tunnel, lower vein* .. _ ................ . 
_ Stone Canyon mine (coherent) .................. .. 

Per cent. Per cent. 
11.25 
13.25 

13.25 

13.00 
5.25 

38.25 
33.90 

37.65 

37.25 
39.75 

Per cent. Per cent. 
38.50 12.00 

38.60 14.25 

36.60 12.50 
31.50 13.25 
49.25 5. 75 
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Analyses of CalijoTnian brown coals-Continued. 

Locality. Moisture. matter J<'ixed Ash. 
not carbon. l 

~~ 
---------------------------------1-----

VolaWe ---~---= l 
moisture. ____ [ ___ _ 

Coal·inga: 
San Joaquin mine-

Little vein ...•................................ 
Tiig vein ..................................... . 

California mine-
Little vein ................................... . 

1, 000 feet in 

Mount Diablo: 
Central mine-

Belshaw vein---·------------·- .............. . 
Clark vein .......................•............ 

Blaek Diamoll(l vein ......................... . 

Walker Valley: 
Shimmin's prospect (soft coke) .................. . 

]}fiddle Fo1 kEel River: 
Main tunnel ..................................... . 

Incline, 20 feet down, cropping in river. ___ _ 
Top streak ....................................... . 

Bottom streak ................................... . 

Round Valley: 
Float (eoherent) ................................. . 

Mill Creek* ..................................... . 

Mad River: 
Cropping on ::lfarshe's place ..................... . 

Harpst mine (hard co'ke) ......................... . 

Maple Creek: 
Cropping in gulch above Crogan Gulch .......... . 

Cropping in Crogan Gulch ....................... . 

Preston mine. 
Poison Camp : 

CroJlping .. _. ___ ... _ .......................... _. __ 

La.ncha Plwna . . · 
Orr mine .. _ ... 

Garberville : 
Float from Buck Mountain Gulch* (soft. coke) ... . 
Cropping near lfrs. Ray's house ................. . 

Hydesville: 
Van Duzen River float ........................... . 

Hyampom Valley: 
Shaft 2 miles above post-office ............••...... 

Croppiug on west side of river ........... _ ....... . 
Cropping in river .... ............................ . 

Hay Furk Valley: 
Lower bed, lower vein ........................... . 
Lower bed, upJler vein . .. _ ......... __ .. __ . _ .. _. __ _ 

Pe·r eent. Per cent. Per cent. Per cent. 
12.00 

11.25 

13.25 

11. 25 

13.00 

13.47 
14,69 

0. 50 

8. 00 

7. 50 

6. 75 

6. 25 

8. 00 

10.25 

10.25 

5.50 

14.25 

14.00 

12.25 

9. 50 

7. 50 

7. 60 

10.10 

8. 75 

12.25 

10.50 

11.30 

9.10 

11.25 

37.75 

40.25 

41.75 

4S. 50 

36.00 

~0. 36 

33.89 

17.50 

39.25 
17.75 

40.00 

31.50 

48.00 

44.75 

45.00 

21.75 

53.75 

49.80 

50.75 

41.00 

47.75 

46.00 

51. so 

51.50 

42.55 

38. 65 

40.50 

34.25 

47.00 

39.75 

31.25 

35.00 

31.40 

48.00 

40.68 

46.85 

22.00 

46.25 

47.75 

!7. 50 

46.25 

40.75 

41.50 

29.50 
2S. 75 

29.50 

32.95 

31. 00 

48.40 

20.50 

43.25 

31.00 

35.50 

41.60 

24.15 

39.70 

19.15 

38.25 

10.50 

17.25 

10.00 

8. 85 

3. 00 

5.52 
4. 58 

60.00 

6.50 

27.00 

5. 75 

16.00 

3. 25 
4. 00 

15.75 

45.00 

2. 75 

3. 25 
6, 00 

1.10 

24.25 

2.25 

7.10 

4. 25 

3. 60 

26.70 

8. 50 

39.50 

3, 50 

Cropping in hills.................................. 1~. 00 39.20 31. 05 15.

1

75 / 

Upper bed, containing rosin .. ·.................... 10.10 51. SO 31.00 ~ J 
Eel River: 

East of_C_'o_v_ei_o_<_h_a_r,_l c_o_k_e_) ._._·_· _· ._._·_· ._._·_·_· ._._·_·_· ._._·_· -'. ___ 2._00-~5~5~ 
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Analyses of Californian brown coals-Continued. 

Volatllc I --· . I 
. matter . Fixed . 

Mmsture. not \ carbon. Asli. 
moisturc.i 

Locality. 

Oorral Hollow: Per cent. Per cent. j Per c:nt.~~er cent. I 
Maintunnel...................................... 16.00 39.00 36.00 11.00 I 
Shaft .......................................... -.. 17.00 38.00 37.00 8. 00 
Shaft cannel coal (coherent)...................... 6.00 57.00 24.00 13.00 

I one: 
Newman ranch ....... --·-····------·· ....•....... 15.00 37.75 38.50 8. 75 

MineNo.3-
Sample No.1. ................................ . 7.00 33.35 11.85 47.80 
SampleNo.2 ............................... .. 14.00 42.40 34.35 9 25 
Sample No.3 ........ . 12.65 41.60 28.00 17.75 
Sample No.4 ................................ .. 12.60 40.60 26.55 20.25 

ElBinore: 
I 

Robinson & Rawlins ruine ....................... . 15.50 40.00 29.50 15.00 

Dol beer & Hoff mine-

Poore•t coaL.. .. .. . .. .. . . .. .. .. .. .. . .. . .. .. .. . 9. 00 38 50 34. 25 Jill9. 25 
Best coal...................................... 15.40 43.60 27.90 13.10 

eneymine ....................... ~-~~:--~~0- 21.9~ 12.60 

The above analy•es are condensed from the Twelfth Annual Report of the St3te Mineralogist, 
pp. 64-65, Sacramento, Cal., 1894. They were made t>y Mathyas and W. D . .r ohnson, chiefly by the 
former. When the coal has any coking quality the fact is indicated in parenthesis after the locality 
name, Those coals followed by an asterisk give a black powder when crushed, the others a brown 
powder. 

To enable the reader to make his own comparisons, I have com piled 
the following tables: 

Table I. This recapitulates the analyses made under the auspices of 
the United States Geological Survey of the Alaskan lignites, to which 
is added Newberry's analysis of the lignite brought from Port Graham 
by Captain Howard in 1868. These analyses are of coal taken from the 
seam and tied up in bags of stout duck, and analyzed immediately on 
arrival at headquarters. The moisture (except inN ewberry's specimen, 
which bad been dried for a year in a museum case) is probably about 
the normal for coal treated in the ordinary way of commerce. 

Table II. This table gives the percentage of ash, sulphur, oxide of 
iron, lime, and phosphorus for the whole coal, and the oxide of iron, 
lime, and phosphorus pentoxide of the ash, in the four most important 
Cook Inlet lignites, with an analysis of the Corral Hollow coal, recently 
opened, for comparison. 

Table III gives the average composition of the Cook Inlet lignites, 
and Table IV, the average of 39 other Pacific Coast lignites, for com­
parison. Lastly, Table V gives statistics of composition of 35 of the 
principal lignites from all parts of the world, for comparison with the 
previously mentioned Pacific and Alaskan varieties. 



828 REPORT ON COAL AND LIGNITE OF ALASKA. 

TABLE I.-Analyses of Alaskan lignite8. 

Locality. .Authority. Mois­
ture. Vo"""'l "'='I.,,§ matter.' ca~bou.l___ phur. 

McCluskey seam, Kootznahoo ••••. U.S. G. S. -----· 
Soppbagen seam, Kootznahoo ........... do ••........ 
Sullivan seam, Kootznahoo .. _ ........... do ......... . 
:r.ntcbell seam, Kootznahoo ............. do ......... . 
De Groff' seam, Kootznahoo ............. do ......... . 
Bradley seam, Cook Inlet ............... do ........ .. 
Eastland seam, Cook Inlet .. __ .......... do ......... . 

no .................................. do ........ .. 

Do .................................. do ......... . 
Curtis seam, Cook Inlet ................. do ........ .. 
l'ortGraham, Cook Inlet .......... Newberry ..... . 
Reel River, Kadiak ................. U. S. G. S ..... .. 
.Amalik Harbor, Alaska Peninsula ...... do, ........ .. 
Chignik River, .Alaska Peninsula ....... do ......... . 

Unga, upper seam ....................... do ....... .. 
Unga, lower seam .................. .... . do ......... . 
Herendeen Bay ......................... do ........ .. 

Per ct. 
2.44 

1. 66 

0. 82 

2. 37 

2. 57 

12.64 

11.72 

10.35 

11.59 

11.67 

1. 25 

12.31 

1. 62 

1. 89 

11.26 

10.58 

3. 43 

Per ct. 
44.75 

35.40 

21.86 

31. 73 

55.44 

43. 36 

46.50 

52.22 

50.70 

52.37 

39.87 

51.48 

36.56 

41.47 

40.51 

66.21 

39.00 

Per ct. Per ct. Per r-t. 
47.93 4.88 0. 67 

31.80 31.14 0. 32 

35.52 41.80 0.51 

30.89 35. 01 0. 47 

29. 75 12.24 0.89 

37.14 6.86 0. 49 

34.64 7.14 0. 40 

34.58 2. 85 0. 17 

30.84 6. 87 0. 22 

21.01 14.95 0. 46 

49~ 89 7. 82 1. 20 

33 .. 80 2. 41 0.17 

52.92 8. 90 0. 75 

48.46 8.18 1. 71 

41.24 6. 99 2.17 

15.26 7. 95 0. 56 

47.40 10. 17 0.44 

------~-

TABLE H.-Constituents of Cook Inlet lignites. 

--~~- ---------------
,;;;:.,;~1 

Fe20 3 CaO P 20 5 

Percentage of whole coal. 

Locality. 
Snl- Iron 

phur. oxide. 
L' l'hos-

lrne. p1wrus. .Ash. 

1-----------~- --------- ---~ ----------

Bradley seam ............... 6.86 0.49 0.37 0.88 0. 021 5.34 12.88 0. 70 

Eastlaml (1) ................ 7.14 0. 40 0. 45 1. 95 0. 069 6. 28 27.37 2. 21 

Eastland (2) ................ 6. 87 0. 22 0. 36 2.12 0.100 5.17 30.86 3. 35 

Curtis seam ... - ...... __ ..... 14.95 0.46 0. 32 2.15 0.132 2.13 14.39 2.03 

Corral Hollow, California ... 11.96 4. 59 1. 63 3.55 0.014 13. 62 29.63 0. 28 

TABLE IlL-Average composition of Cook Inlet lignites. 

Per cent. 

------ -~----------
Five varieties: 

Moisture ...................................................... -- .............. --. 11.59 

Volatile matter ......................................... -- ....... -- ......... -..... 49.03 

Fixed carbon ........................................ --- ... - ................ - 31.64 

.Ash ......................................................................... --... 7. 73 

Sulphur ................................................................. ----..... 0. 392 

}..,our varieties: 
· Phosphorus .............•.....•..................•.. -- .. --.--.--.---.-----------. 

Lime __ ................ __ .......................................... _ .... __ . ______ . 

Iron oxide ....................................................................... . 

0. 080 I 
1. 775 

~ 
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'.rAHLI<J IV.-A1!erage composition of othe1· Pacific Coast lignites. 

Thirty-nine varieties: 
---- """"'I 

Moisture . . ...... _ ............... _. _ .. __ ... _ ....... _ ....... . 

Volatile matter ................................ ,_ ...................... . 

Fixed carbon .... 

11.55 
36.13 

42.10 

I Fo Mh ............. ........... - =-9.791 

L:~~~:~ll::~:~~i.":~'- ........... __ . _ ... __ .... _. _ ..... __ ... _ ............. _. _ _ 1. 71 

TABLE V.-Cornposition of foreign ligniteB and brown coals.(a) 

Locality. Mois­
ture.b 

Per cent. 

Volatile 
mat.ter. 
---~ 

Per cent. 

Fixed ~,~ .• ,.,I carbon. 
---~ 

Per cent. Per ct. 
Snderoe, Faroe Islands . -- ...... ---.-- ............ - .. 
Habichtwald, IT esse Cassel. ........................ . 

Habicbtwald No.2, Hesse Cassc1 ... - ...... ---···.--. 

Habichtwald No. 3, IT esse Cassel.. c ................ . 

RigenkulJl, Hesse Cassel. ........ -- ... -·.-- .... -----. 
Stilluerg, Hesse Cassel. .................... · ......... . 

MalvernNo.1,New Zealandc.............. 11.79 

MalYcrn No.2, New Zealandc ...... ------.. 19.20 
Rakaia (glance), New Zealandc...... ...... 6. 76 

Rakaia (brown), New Zealand c ......• -- ••. 
Westport No.1, New Zealand c ......•...... 
"\VestportNo. 2, New Zealandc ............ . 

Whangoree (glance), New Zealand c .....••. 
Waikato, New Zealandc ............ -------
Otago, New Zealandc ..................... . 

Okoko, New Zealand c ..................... . 

24 09 
2.60 

3. 96 

8. 01 
19.82 

19.20 
. 22.21 

Disco Island, Greenlaml d.... . . . . . . . . . . ........... .. 

Val Pineau, France ............ ------ ...... ......... . 

Gurdanne, France .......................... ......... . 

Fureau, France------ ...................... ......... . 

St. MarLin d~ Vaud, }...,ranee------ .......... .... ------

Koep Fuarch, Holland ............................ .. 

Elhogen, Holland .................................. .. 

Al]Jhie, Holland ..................................... . 
Triphilis ................................. .. 

Konnin .................................... . 
BaffinsBay ............................... . 

Utwcilcr,Elsass .................................... . 

Edon (Charente)',France ................... l ........ . 
St. Lon (B. Pyr.),France .. · .......................... . 

L'Enfant-dort (B. de Rh.), France ................... . 

Minerve (Aube), Franco ............................ . 

Dauphin ( n. Alpes), :France .......................... . 

l\farseilles, France ......................... ·------ .. . 
Dauphine, France ......... ~- .............. ......... . 

37.50 

42.491 
42.10 

41.84 

47.01 

42.27 
35.42 

30.92 

21. 27 

21.61 

37:17 

34.94 

38.68 

29.97 

30.10 

33.74 
50.60 

57.00 

43.00 

53.110 
44.00 

47.00 
69.30 

56.50 

51.00 

53.50 

46.00 

31.80 
50,00 

46.00 

46.80 
57.40 

49.00 

46,80 

49.00 

24.50 38.00 Durocher./ 
54.18 3. 33 Kuhnert. 
52.98 4. 92 Do. 
54.96 3. 20 Do. 
51.70 1. 29 Do. 
50.78 6. 95 Do. 
49.99 2. 80 

47.70 2. 20 

64.51 7. 46 

50.12 4.18 
56.01 4. 22 
57.92 3.18 
50.11 3. 20 

50.01 2. 20 
45.30 5. 40 
39. 8~ 4. 22 

39.56 9. 84 

36.50 6. 05 Berthier. 
41.80 15.02 Do. 
36. oo I 11.00 I Do. 
45:oo I 11.00 Do. 
41.00 12. 00 Do. 
24.00 6. 70 Do. 
27.50 16.00 Do. 
31.00 18.00 Do. 

34.00 12.50 Do. 
58.80 5. 20 Do. 
67.80 0. 90 Do. 
39.00 11.00 Do. 
48.40 5. 60 Do. 

49.30 ~- 90 Do. 
32.60 10.00 Do. 
43.60 7. 40 Do. 

49.30 3. 90 Dufrenoy. 
43.60 1. 40 I Do. 

a These figu ·os are extracted from Mills and Rowan, Fuel and its Applications, 80, London, 1889. 
b The analy ;s which show no figures in the column for moisture. are supposed to represent the dry 

fud . . 

c Sco Jour. Iron and Steel Inst., London, Vol. I, 1886, p. 246. 
d Sulphur, 1.3848. 
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From these tables it is deducible that the best of the Alaskan lig­
nites-that of Amalik Harbor-'-stands very high indeed among Cenozoic 
coals as regards its composition. The Cook Inlet coals have about an 
average amount of moisture, rather less than the average amount of 
ash, remarkably little sulphur, an excess of volatile combustible mat­
ter, and a deficiency of fixed carbon. The lower layers are, as might 
be expected, the best, but none of them have as much fixed carbon as 
the better class of lignites from the region of Kadiak and the peninsula, 
where the rocks have been subjected to greater disturbance, involving 
greater pressure on the seams of lignite. 

TESTS AND CONCLUSIONS. 

Turning from the theoretical and chemical considerations to results 
obtained in practice, the following data have been brought together: 

Coal from the best of the Kootznahoo Inlet beds, wbieh have been 
designated the McCluskey outerop, was tried in steam launch No. 18 
of the United States Coast and Geodetic Survey steamer Patterson, 
under coiled tubular bmler. According to the informal report of the 
engiueer, it burned well and developed about three-fourths the steam­
ing value of the Wellington (B. C.) coal usually used. It was decidedly 
better than the Comox coal. · 

During part of the expedition of 28 days' cruising on the steam tug 
Kodat, in July and August, 1895, we were obliged to burn coal from 
the Bradley seam, Kachemak Bay, Cook Inlet, which was dug out of the 
beach at low water with crowbars and burned as it was, covered more 
or less with barnacles and seaweed. This coal, being under water 
most of the time, must have had a larger percentage of moisture than 
the normal amount belonging to it. The opinion of the engineer of the 
Kodat was to the effect that this lignite did from 60 to 75 per cent of 
the duty of W ellrngton (B. C.) coal. 

Several hundred tons of coal from Eastland Canyon, Kachemak 
Bay, were imported into San Francisco by the Alaska Mining and 
Transportation Company in 1895, and distributed to various manufac­
turing establishments for trial. Among these was the foundry of 
Messrs. W. T. Garrat & Co., well known as the principal brass founders of 
the Pacific Coast. I was informed by their manager that this coal, to the 
amount of 50 tons, had been in use for making steam in their establish­
ment, and was regarded by them as a very fair article of steaming coal. 
When a good fire was kept up they used 2,600 pound:,; in a given time, 
during which they would have used 2,200 pounds of Comox (B. C.) 
coal. With a low fire and small pressure of steam the amount used 
was 2,240 pounds to 1,350 of Comox. They stated that if the Cook 
Inlet coal could be furnished at a price corresponding to its relative 

· efficiency compared with the British Columbian coal they should be 
glad to make regular use of it. 
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By permission of the Secretary of the Navy, and at the request 
of some New York parties, Lieut. H.. P. Schwerin, in April, 1891, pro­
ceeded to the Cook Inlet region to examine the noal fields. The party 
was provided with a diamond drill and examined numerous seams. 
From four localities in particular, one of which was the M:cNml Canyon, 
Kanhemak Bay, 50 tons of coal each were mined and brought to San 
Francisco. Lieutenant Schwerin mformed me that during the entire 
summer this coal was used under th\3 boiler and for cooking in camp 
a.nd aboard ship. It gave very satisfactory results for stationary pur­
poses, though the coal slacks into chip-hke fragments rather rapidly 
after exposure to a dry atmosphere. He induced the Southern Pacific 
Company of California to make a test of the coal on their locomotives,. 
a purpose for which it proved unfit owing to its sparking tendency, 
which under forced draft was very pronounced in spite of the use of 
fine netting over the stacks. There was no trouble of this kind when 
used under a stationary engine or in a cooking stove. 

The following summary of the data of the test, prepared September 
29, 1891, was kindly furuished to Dr. Becker by Lieutenant Schwerin, 
who is now one of the staff of the Southern Pacific Hail way organiza­
tion. The kinds of coal with which the Cook Inlet lignite was com­
pared were the ordinary N anaimo coal from Vancouver Island and 
bituminous Cardiff coal imported as ballast by wheat ships. 

Comparative test of Cook Inlet, .Nanaimo, and Cardiff coals. 

. I Cook Inlet. Nanalmo 

Number of trips.-----· .. _ ............... ----1 2 2 

Average number of miles per trip ......... --I 86 168 

Average gallons water u. sec~ per trip ....... --~· 3, 734 13, 836 
Average pounds fuel per tnp ............ _... 6, 982 18, 551 

Average number loadecl cars per trip......... 6. 2 11. 98 

Average number empty cars per trip......... . .. . .. .. .. 1. 401 

Average tons weight loaded cars per trip .. .. 155. 3!5 ........ .. 

A>erage tons weight empty cars per trip .............. •------ .. .. 

Average tons weight train :zvithout the engine 

and tender ............................. .. 155.35 

Gallons water used per ton of train .... ,. . . . . 24. 04 

Pounds fuel used per ton of train.... . . . . . . . . 44.94 

Water evaporated per pound of fueL........ 4, 46 

Fuel burned per gallon of water evaporated.. 1. 87 

Average steam pressure . .. .. .. .. . .. . .. .. .. .. 130.5 

Average temperature of a1r .......................... . 

Average temperature of feed water ...... , . . . 680 

Average tern perature of steam .............. . 

Area of grate, in squ;tre feet ................ .. 
355.6° 

16.87 

301. 47 

45.895 

61.5351 

-·:~::1 

25.6 

Cardiff. 

4 

86 

2,989 

3,601 

6 

75 

139 

21.25 

160.25 1 

18. ti53 i'. 

22.473 

6. 917 I 
1. 205 

150.3 
52o I 

57° I 
365.7° I 

16.87 

--------~-~ 
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Comparative te.Yt of Cook Inlet, Nanainw, and Cardiff coals-Continued. 

~'""'"HI NoMimo. ~ 
~erag~ fuel per hour per_s_q u_a_r_e-fo_o_t_o_f_g-ra-t-e,-

1 
. I 

pounds ................... ------------ .... ----------.......... 54.215 

Total he:tting surface........ . . . . . . . . . . . . . . . . 1, 325 1, 288 1, 325 

Pounds fuel burned per hour per square foot 

of heating surfn ce .......... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

Pounds fuel burned per ton per mile. . . . . . . . . . 5226 . 3663 . . 2613 

It thus appears that the Cook Inlet coal, under these conditions, has 
71 per cent of the heating effect of Nanaimo coal and 63.7 per cent of 
Uardifi" bituminous, a result which agrees fairly well with that derived 
i"rom the other tests above mentioned. · 

The following table, adapted from Goodyear (op. cit., p. 164), shows 
the relative value as fuel of the Pacific Coast lignites, to which I have 
added the Cook Inlet va,riety. 

Table of relative 11alnes of Pacific Coast lignites. 

~ . . Locality; , ....... I--Y-al_u_e._ 

Mount Diablo, Black Diamond, best............................. 1. 000 

Bellingham Bay, Washington . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.148 

Seattle, Wash., average of three tests ........................... j 1. 229 

Nanaimo, British Columbia (two tests) .......... : ....... ---- .. --~ 1. 306 

I 
w oiling ton, n,, ""h Columhia (two '"'") .. -- -- -- . -- -- -- -- -- . -- I. 351 I 
Cook Inlet, average of four tests ................................ -1 0. 927 

---

Although, as far as composition goes, the lignites of Amalik Harbor, 
Chignik River, and McCluskey seam, Kootznahoo, are all of a better 
quality than tne best of the Kachemak Bay lignites, nevertheless 
I have selected the latter for discussion in connection with the gen­
eral economic status of the .Alaskan coals. Many things go to modify 
the economic value of a coal deposit beside the quality of the mineral 
as fuel. The undisturbed or broken condition of the strata as a whole; 
the thickness of the seams; the presence or absence of a good roof 
rock above them; the dip of the strata; the accessibility of wood for 
timbering, and its cost; facilities for transportation and distance of 
the market, and the ease or difficulty of procuring mining labor, each 
may make or mar the future of a mine. .And since the profit on a 
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single ton of coal is always small, the presence of the fuel in sufficient 
quantity to ship by the thousands of tons is essential to profitable 
working on a large scale. 

In the case of th~ mines at Kachemak Bay, there is an excellent 
harbor open at all seasons of the year; the coal seams are above the 
sea level for the most part, and 11early horimntal; several of them are 
thick enough for ecouoinic working; the strata appear to be free from 
excessive disturbance, and very little faulting could be ·noted; there 
is a.lnmdance of timber on the table-laud for timbering the tunnels; no 
shafting, or but little, seems called for in working; and the coal could 
be carried in many cases to the beaeh or wharf by gravity. 'l'he 
quantity is abundant and the quality fairly good for stat.ionary engines, 
steamship use, or household purposes. 

'l'he roof rock is generally weak, and timbering would be necessary. 
The floor is often of an almost clayey consistency. The site of the 
mines is rather distant from a market, and there is no available local 
labor. 'l'he region itS subject to severe storms during the spring a.ud 
fall seasons. 

The conditious seem sufficiently good to warrant the conclusion that 
the Cook Inlet lignite might find a market in Califomia if minefl in 
sueh an economical way as to be sold for a price equivalent to its rela­
tive efficiency compare1l with competitive fuels. It has the advantage 
of the cheap coals of Mount Diablo and Corral Hollow, in that it is uot, 
like them, so permeated with marcasite (sulphur) as to be liable, when 
stored, to spontaneous combustion. While it slacks on eXJ>osure to dry 
air, this does not seriously affect its value as fuel; and a large quantity 
which I saw at vVoody Island, Kadiak, which had been some months 
exposed to the sun and rain, had not slacked worse than the Nanaimo 
coal which lay in the same dump. It has the advantage of being clean 
to handle and making little smoke. Tht:: gases given off are less offen­
sive than those from the Corral Hollow or Nanaimo coals. In drying, 
it assumes a dull earthy or fibrous appearance, which, to one accus­
toUled to the more brilliant coals, is unpromising, and it would doubt­
less have to overcome some prejudice among private consumers on this 
account. At any rate, there can be no doubt that an investment in it 
would fail to be profitable unless the work was carried on on a larg·e 
scale and with something like the economy and business effieieucy 
which characterize coal mining in the Eastern States. vVith such man· 
agement there seems to be reason to hope that these lignites may have 
a commercial future. · 

The McClt1skey seani at Kootznahoo is too little developed to allow 
of any estimate of its extent, of the condition of the adjacent strata, 
or of the quantity of coal which may be available. 

The A.malik Harbor seam is too thin to admit of profitable mining, 
notwithstanding the high quality of the coal. But this vicinity is 
almost unknown, and further explorations might develop more abundant 

17 GEOL, PT l--53 
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deposits. Sucll exploration would s~em to be advisable, if only for the 
convenience of local consumers. 

In conclusion, it may be noted tbat in 1890, according to the Eleventh 
Census, coal was imported into Alaska to the amount of 11,178 tons, of 
which 7,038 tons were cargo. The quantity needed IS rapidly increas­
ing, and with the increase of mills and reduction works must continue 
to do so. For many purposes tbe Alaskan ligmtes are qi1ite good 
enough, provided they cau be cheaply furnished, but up to the present 
time the mines of British Columbia have fully occupied the field. 

GENERAL NOTES ON THE TERTIARY GEOT~OGY OE' 
AJ~ASKA. 

As might be expected, the geology of this Territory is most imper­
fectly known, but the little which has been recorded leads to the infer­
ence that to a great extent the operations of mountain-building forces 
and the deposition of sediments along the coast of Alaska, south of 
and including the peninsula, were carried on in a similar and probably 
generally synchronous manner from Mexico to Bering Sea. 

So far we have not been able to find any record of the discovery of 
marine fossils belonging to the Eocene in Alaska, thongh of the marine 
Miocene and earlier leaf-bearing beds, with lignitic coal, etc., there are 
abundant instan'ces. 

GENERAL NOTES ON THE ROCKS. 

In general, along the southeastern coast of Alaska, the sequence of 
the rocks where undisturbed appears to be about as follows, in descend­
ing order: 

1. Soil and Pleistocene beds. 
2. Brown Miocene sandstones, with marine shells, cetacean oones, and 

waterworn teredo-bored fossil-wood (Astoria group, Nulato sandstones, 
Crepidula bed). 

3. Beds of conglomerate, brown and iron-stained, alternating with 
gravelly and sandy layers, the finer beds contaming fossil leaves of 
Sequoia and other vegetable remains (Kenai group, Unga beds). 

4. Bluish sandy slates and shales, with a rich plant flora, intcrstrat­
ified with beds of indurated gravel, fossil wood, and lignitic coal 
(Kenai group). 

5. Metamorphic quartzites and slaty rocks, with perhaps part of the 
lower Eocene (Tejon). 

6. Granite and syenite in ma.ssive beds, usually without mica and 
apparently in most instances forming the "backbone" of th~ mountain 
ridges or islands, but occasionally occurring as intrusive masses, which 
have thrust up the metamorphic rocks above them into arches, cracking 
them, and filling the fissures with the syenitic material (Shumagin 
granite). 
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INTRUSIVE GRANI'l'ES. 

Through all tllfl Tertiary beds in various parts of the Territory arJ 
found penetrati11g volcanic dikes and larger outflows, sometimes in. 
jected between sedimentary strata and sometimes overflowing them, 
much as in California, Oregon, and elsewhere in western America. The· 
later eruptions, mostly Pliocene and Pleistocene, are generally of a 
basaltic or andesitic eharaeter.1 

The occurrence of intrusive syenite later than the metamorphic rocks 
and penetrating fissures in them is ·well exhibited at an arch of 
metamorphic rock near the beach at Granite Point, on the south side 
of tlle entrance to Sanborn Harbor, Nagai Island, in the Shumagin 
group, where it was noted by me while surveying the harbor in 1872. 
Instances of the occurrence of the syenite as a massive body forming 
the fundamental rock are offered in many places, as the Diomedes 
Islar{ds, Bering Strait, and most of the uwuntain masses of the 
Siberian side of the same strait; the central ridg.e of the island of. 
Unalaska; the islands and hills of the eastern Shnmagins, as Little 
Koniushi Island, and of Port Althorp, Cross Sound, in the Alexander 
Archipelago. 

The age of the intrusive g-ranites is yet undetermined, but in the case 
of·the mass forming the celebrated Treadwell mine of Douglas Island, 
near Juneau, Alaska, Dr. Dawson has refened the slaty rocks through 
which it has broken to the Vancouver series of Triassic rocks. 2 'l'hese 
questions more properly fall under the purview of Dr. Beeker, and in 
this connection need not be considered further. 

EARLY OBSERVATIONS ON ALASKAN GEOLOGY. 

The N eo zoic strata of southern Alaska were first noticed by Portlock 
and Dixon, who, on their voyage to the northwest coast of America in 
1785, entered English Bay or Port Graham, Cook Inlet, and named it 
Coal Bay, from the lignitic beds exposed in its shores. In the f~llow­
ing year the marine Miocen'e was observed by the naturalists of La 
Perouse's party, who collected in r~ituya Bay, at the lteight of 200 
toises above the sea, specimens of one of the large Miocene pectens.3 

The first general snmmary of existing knowledge of geology and geog­
nosy of this region is compri>;ed in the work of Grewingk,4 who enumer­
ates the localities for the Tertiary rocks, among others, an·d illustrates 
aud enumerates many of the fossils. The paleobotany of the region 

------------------------------

t Sco Dall, Note on AlaMka Tertiary deposits: Am .• Tour. Sci., 3<1 ser., July, 1882, Vol. XXIV, pp. 67-68. 
2N otes on tho ore deposit of t.he Treadwell mine,_Alaska: Am. Geologist, ..August, 1889, pp. 84-93. 
• Cf. Voy. La Perouse, vol. 1, p. 395. 
• Beitrag zur Kenntniss der orographiscllen und geognostischen Bescllaffenheitder )ford· West·Kiiste 

Am erik as: Verllan<ll. der russ .. kais. mineral. Gesell. zu St. Petersburg fi\r 1848-49, 351 pp., so. Sep­
arately issued by Carl Kray, St. Petersburg, 1850. 
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was subsequently treated of by Gop pert 1 and Heer.2 Later, Eiehwald J 

reviewed the subject, ancl introduced a certain amount of confnsion 
into the paleontological side of the question by referring to the Creta­
ceous (Turonian) all the marine Tertiary fossils described by Grewingk, 
many of which belonged to Miocene beds, but which Eichwald appears 
to have regarded as of the same age as the Tejon beds of California, 
which, followiug Gabb, in the Paleontology of California, he referred 
with the Chico to the Mesozoic epoch. 

THE KENAI GROUP. 

The coal-bearing Kenai beds, best exhibited on the shores of Kache­
mak Bay, Kenai Peninsula, Cook Inlet, but widely spread in British 
Columbia and over the coast of Alaska and its adjacent islands, are 
regarded by Heer as the equivalent of the Atane leaf beds of Greenland, 
the Spitzbergen Miocene plant beds, the Braun kohl of east Prussia and 
the lower Hhine pr.ovinces, and the lower Molasse of Switzerland. 

THE UNGA CONGLOMERATE. 

On the island of Unga, Shumagin group, Alaska, they are conforma­
bly overlain by the brown conglomerates with Sequoia, which arc obvi­
ously younger and the result of a somewhat different series of conditions, 
though the sedimentation appears to have been measurably continuous. 
To these last the name of the Unga conglmneTate l1as been given; but 
since in the present imperfect &tate of our knowledge we are tumble to 
specify the exact horizon of most of the leaf beds reported by various 
observers, the whole series wiil be treated here under one head. 

The localities at which the Kenai formation is known or believed to 
occur in .Alaska have heen already fully described, and therefore there 
is no need to recapitnlate their distribution. That they also extend 
into British Columbia there is little doubt.4 The leaf heels of northern 
Japan and of the Okhotsk Sea should a!Ro be compared. 

'Abhandl. dor schles. Gesell. fi\r vaterl. Cultur, II, 1861, p. 201, awl 1867, p. 50. 
'Flora fossilis Alaskana: Kong!. svensk. Vet.-Akml. Hanrll, B<l. 8, No.4, Stockholm, 18Gn, 41 pp., 

lOp!. 
BGeogn.·pal. Bemerkungen iiber die Halbinsel Mangischlak n·nd din .Aleut.ischen Inseln. St. Peter­

burg Kais. Akad. Wiss., 1871,8°, pp. 200, pl. xx; d'. pp. 88-137. 
• Cf. Bull. U.S. Geol. Survey No. 84, p. 231, for beds described by Dawson. These beds are ohdously 

to be rcfcrrecl to the Kenai group, since they contain essentially the ~amn flora. I~imnmn., Physu, and 
Sphrerium have abo been noticed at Vermilion Cliff. I~oealities for tho occurrence of plant beds and 
lignites of the Kenai group in the southern part of Britioh Colnm hi a may he mentionecl as follows: 
'l'he vieinity of Okanogan Lake; the Coal Brook Indian Reserve on theN orth Thompson IUver (p.ll3); 
Kamloops Lake (p.l14); Vermilion Clift', 3 miles up the NorthFork of the Similkamecn River (p.130), 
ancl also the South Fork (p. 132); on Niuemile Creek aml Hat Oreek(p.121); 20 miles north .of Osoyoos 
Lake, where 3,000 feet of sandstones and shales have been observed (p.129); on Tenmile Creek coal is 
noted (p.126), and also near the junction of Nicola and Coldwater rivers (p.122); on the Fraser near 
Lillooet, aucl on the upper part ~f Kettle River (p. 160). Dawson also notes tho complete absence of 
marine Eocene beds (p.167). 

See Dominion Geological Survey, Report of llrogress for 1877-78, Montreal, Canada, 1879, pp. 1-188ll, 
by Geo. M. Dawson (to which a hove page references referL including a list of Tertiary plants fron1 
various British Colnmbiun localities, byJ". ,y, Dawson, LL.D., op. cit., Jlp. 186-188TI. 

For additional information un the Tertiary rocks of tho interior of British Columbia see Rept. of 
Progress, Dom. Geol. Survey for 1871-72, p. 56; for 1875--7G, pp. 70, 225; for 1876-77, pp. 75 and 112B. 

r 
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CORl~ELATION OF TilE KENAi SERIES. 

Having indicated the exteut aud position of beds in Alaska belong­
ing to the Keuai group, as far as our impei·feet kuowledge of them will 
vermit, it is now in order to discuss their geological age upon the basis 
of the facts presented. This will of necessity be largely dependent 
npon data other than the similarity of flora, which lws been conclu­
sively shown to have little value as a test of synchrony between widely 
separated geological deposits. Of the 54 species enumerated from the 
Kenai Peninsula by Heer, 30 were previously known from Miocene 
strata in other parts of the world. Of those· from Kum and Unga, 65 
species, 31 were previously known as Miocene. Aceording to lleer, no 
doubt can exist as to their Miocene age, in whieh conclusiOn Lesque­
reu.x agrees, remarki11g: 

Tho plants described by Heer, representing 56 species, are of marked interest by 
their intimate relation with those of Atano in Greenland on one side anil with those 
of Carbon in 'V.roming anil of the Bad Lands of Dakota on tho other. They com­
prise a small group which supplies an intermediate point o.f comparison for consiil­
ering tho march of tho vegetation during the Miocene period from tho Polar circle 
to tho midille of the North American continent, or from the thirty-fifth or fortieth 
to tho eightieth degree of latitude. The remarkahle affinity of the Miocene types 
in their distribution fi·om Spitzbergen aml Grccnlall<l to the middle of Europe ha(l 
already been manifested by the celebrated works of Heer. Hut the Alaska. flora has 
for this continent the great advantage of exposing in the :Miocene period the pre­
dominance of vegetable types, which have continued to our time and are stilliJresent 
in the vegetation of this continent. ( Op. cit., ~· 443.) 

In his later publication on the same subjeet Lesquerenx 1 remarks: 

Alaska has 73 species, of which 13 are fonnol in the Bad Lands, 4 at Carbon (Wyo­
ming), and 2 in tho Chalk Bluffs (California). • Of the 13 species common 
to Alaska and tiw Ball Lanils, 9 are Arctic, of these 6 are Enropean also; and besides 
Populus latior, P. glandnlifaa, and Jlt[Jians nigell<t arc European, hnt not yet found 
in tlw Arctic flora. The Dad Lands group, therefore, IS truly Miocene, and shows 
scarcely any deviation from that of Alaska. The :~ species mentioned as not Arctic 
ma.y be indicative of a somewhat warmer climate. ' As the fossil floras of 
Carbon and the Bad Lands are related by 10 identical species and tho~e of the Dad 
;Lands and Alaska by 13, these' three groups apparently represent the same stage of 
the North Arneric:m Miocene. The flora of Carbon has only 4 !!pecies identified in 
that of Alaska; but this lesser degree of affinity may be ascribed to difference in 
latitutle. 2 

Of the 73 speeies euumerated by Lesquereux from Alaska, 21 are 
tabulated by him as common to Greenland and Spitzbergen also, and 
31 as eommon to the Miocene of Europe and Alaska. 

The term Miocene, as used by Heer, seems to have been based pri­
marily on the stratigmphie nomenclature of Switzerland. His method 
of inferring the age of a given plant be(l from the fact of its showing a 
number of species equivalent with those of any Swiss bed would in-

I Contributions to tho fossil flora of the -'Nestern Territories, part 3, the Cretaceous awl Tertiary 
Floras: Tiept. U. S. Geol. Survey of the Terr., by F. V. Hay<len, vol. 8, 1883, "rasbington, 4o; cf. Miocene 
Flora, pp. 219· 277. 

~ Op. cit., J>. 275. 
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variably lead to the conclusion that the possession of a flora in common 
is sufficient evidence of a general synchrony between the two forma­
tions. But Prof. h F. Ward states that the vertical range of many 
fossil plants is very great, and that such conclusions can not safely be 
reached except by the aid of corroborative evidence in addition to a 
partial similarity of flora. 

The beds of Carbon, Wyo., with which Lesquereux compared the 
Kenai group, are by Dr. C. A. White referred on stratigraphic grounds· 
to the Laramie. Professor Ward 1 agrees with this conclusion, and in 
his tables places the Carbon beds between the typieal Laramie and the 
Fort Union beds, all of which are included under the general term 
Laramie. 

The newer leaf beds in Greenland bave lately been regarded as Eocene 
by Mr. J. Starkie Gardner, and as equivalent in the maiu to the flora 
of the Basaltic (Eocene) beds of Britain.2 The Spitzbergen beds would 
naturally follow those of Greenland. But the inferential refereuce of 
the plant remains of the Pliocene gravels of California to the Eocene 
by Mr. Gardner somewhat weakens the force of his opinion on other 
fossil floras, since it is impossible that the Californiau plant remains 
can be Eocene. 

I have already pointed out the probability that, if Mioeenc at all, the 
leaf beds of Green land referred to would be synchronous with that geo­
logical epoch during which the old Miocene warm-water invertebrate 
fauna of the Atlantic Coast penetrated as far north as New Jersey. 3 

Since that time a further study of the so-called l\fiocene of the Antilles, 
Central Awerica, and the Gulf border of the United States had shown 
me that what has been hitherto called old Miocene, or warm-water 
Miocene, by me-the Miocene of writers on Antillean geology-is really 
Oligocene, and corresponds with the Oligocene of Bordeaux and other 
localities in Europe. 

Since that time it is highly improbable that any temperate conditio us, 
such as the flora would indicate for the Atane period, have obtained in 
the latitude of Greenland. In other words, the Greenland heels are not 
later than the Oligocene, though this does not preclude a reference of 
them to an older horizon, for during the Bocene also the eonditions in 
the extreme north might have been favorable to such a flora. 

In Alaska, at Cook Inlet, at TTnga Island, at Atka, and at Nulato, 
in tbe Yukon Valley, we find the leaf beds of the Kenai group immedi­
ately and conformably overlain by marine beds containing fossil shells· 
which are common to tbe Miocene of Astoria, Oreg., and to that of 
middle and southern California. 

It is then certain that the Kenai leaf beds immediately preceded, and 
their deposition terminated with, the depression (probably moderate in 

'Sixth Ann. Ropt. U.S. Geol. Suney, for 1884--85, p. 539. 
2 l'roc. Royal Soc. London, Vol. XXXVIII, 1885, pp. 22-23. See al8o Nature, vol. 20, 1879, p]l.l0-13. 
• Bull. U. S. Geol. Survey N u. ~4, 1892, p. 21. 
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vertical range) which enabled the marine Miocene fauna to spread over 
part of the antecedently dry land. Fnrtlier researches along the Alas­
kan eoast will doubtless enable ns to determine whet,hcr tlle leaf beds 
themselves are 1,lnderlain by marine Eocene beds or not. vV c know 
that the Aucella beds underlie the Kenai series, but whether there are 
any beds representing- the marine phase of the Eocene between them 
is yet uncertain, though probable. Eichwald's references to the age of 
tlle Alaskan N em:oic marine fossils are more or less confused and should 
not be taken into account in any discussion of the subject, as he has 
referred most of them indiscriminately to the Cretaceous, by which he 
means Gabb's Cllico-Tejon series. 

Wh<>t may be considered as reasonably certaiu is that the period dur­
ing which in the Arctic regions the last temperate :flora :flourished was 
in a general way the same for all parts of the Arctie. It would seem 
higllly improbable that a temperate clinntte should exist in Spitzbergen 
and not at the same time in Greenland and Alaska, or vice versa. If 
Alaska was covered by the sea at this time, we_ should find a temper­
ate marine fauna; if it was dry laud, a temperate :flora; and Ro with the 
other Arctic localities; and these indications should, it would seem, rep· 
resent an identical and synchronic phase of geologieal history m the 
Arctic regions. 

In this connection the rema.rks of Prof. F. H. Knowltlln 1 may be 
cited: 

The geological age of these coal-bearing rocks, from which most of the plants 
enumeratecl in this. paper came, has usually been regarded aa Miocene. Beer, who 
worked up the first considerable collection of plants, referred them unhesitatingly 
to this horizon, aiHl regarded them as the equivalent of the .Miocene beds of Green­
land, Spitzbergen, the Hraunkohl of Bast Prussia. an<l the Lower Molasse of Switz­
erland. Lesquerenx and at first Newberry do not appear to have seriously ques­
tioned their Miocene age. Of the 73 species ennmeratell by Lesquereux in his latest 
publication on Alaskan plants, 21 are found it! Greenland and Spitzbergen an<l31 in 
the Miocene of other parts of the world. 'l'hcse considerations show, as already 
pointccl out under the discussion of the table, that the fossil flora of Alaska is 
inseparably eonnectell with that of the Disco Island and Atanekerdlnk l>e<ls of 
Greenland and the so-calle!l Arctic Miocene of Spitzbergen and Sakhalin. 'Vhat­
ever is decided concerning them must apply with equal force to Alaska. 

~Ir. J. Starkie Gardner appears to have been the fir~t to question the Miocene age 
of the Greenlaml betls, 2 or rather of the Arctic floras in general. The sequence of 
British Eocene floras is almost unbroken, and in studying them and their relations 
to the Miocene flora he was led to important conclusions. He says: 

"There is no great break in passing from one to the other (Eocene to Miocene) 
when we compare them over many latitudes, and hut little clumge beyond that 
brought about by altered temperature or migration. Bnt if Tertiary floras of lliffer­
ent ages nre met with in one area, great changes on the contrary are seen, an!l these 
arc mainly uue to progressive modifications in climate anll to altered distribution of 
land. Imperceptibly, too, the tropical members of the flora disappeared-that is to 
say, they migrated, for most of their t~-pes, I think, actually snrvivo at the present 
day, many but slightly altered. Then the subtJ:opicalmernbers llecreased, and the 

'Proc. U.S. Kat. Mus .. Vol. XVII. No. 998, 1894, pp. 237-239, 
2 British Eocene Flora, Part I, 1879, p. 8. 
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temperate forms, never quite absent even in the Middle Eocene, preponderated. 
As decreasing ternper:ttnre drove ·tho tropical forms south, tlte more northern must 
have pressed more closely upon them. TheN ortbern Eocene, or the temperate floras 
of that period, must have pushetl from their home in the fnr north more ami more 
south as elimrttes chilled, and at last, in the Miocene time, occupied our latitudes. 
The relative preponderance of these elements, I believe, will assist in determining 
the age of Tertinry deposits in Europe more than any minute compariHons of species. 
Thus it is useless to seek in the Arctic regions for Eocene floras as we know them 
in onr latitutles, for during the Tertiary period the climatic conditions of the earth 
did not permit their growth there. Arctic floras of temperate and therefore Mio­
cene aspe_et are in all probability of Eocene age, aml what has been recognized as a 
newer or Miocene facies is dne to their having been first studied in Europe in lati­
tll(les which only became fitted for them in Miocene times." 

This cha11ge of view as to the age of the so-calletl Arctic Miocene, as proposed by 
Gardner, has already received considerable confirmation from American paleobota­
niRts, and while it can hardly be regarded as settled, it may be accepted as extremely 
probable. 

Dr. J. S. Newberry, in one of his latest publications, Raid:' 
"I called the Fort Union group Miocene because I identified it with the plant­

bearing beds of Mackenzie River, Disco Island, Greenlan·d, etc., of which the Jlora 
had been studied by Prof. Oswald Heer and was by him called Miocene. This flora, 
to which I shall again refer, has since been shown by Mr. J. Starkie Gardner to be 
Eocene. The Fort Union flora has many spec1es in common with the Eocene heels of 
the Island of Mull,· Bournemonth, etc., and holds undoubtedly the same position." 

On this same point Sir W"illiam Dawson says: 2 

"I have, als·o, while writing out the above notes for publication, receivefl the 
paper of the same an thor (Gardn_er) on tho Eocene beds of Ardtun, in Mull, antl am 
fnlly confirmed thereby in the opinion derived from the papers of the Duke of Argyll 
and the late Prof. E. Forbes that the Mull beds very closely correspond in age with 
the Laramie. The Filicites hebridica of Forbes is our Onoclea sensibilia. The spe­
cies of Ginkgo, Taxus, Sequoia, and Glyptostrobns correspond, antl we have now 
probably found a PodocarpnR, as noted above. Tbe Platanitcs hebridica is very 
near to our great Platanus nobilis. Corylns MacQnarrii is common to both forma­
tions, as well as Populus aretica :tnd P. Richardsoni, while many of the other exo­
gens are generically the same, and very closely alliecl. These Ardtun beds are 
regarded by Mr. Gardner as Lower Eocene, or a little older than the Gelinden series 
of Saporta, and nearly of the same age with the so-called Miocene of Atanekerdluk, 
in Greenland. Dr. G. Dawson and the writer have, ever since 1875, maintained the 
Lower Eocene :tge of our Laramie, autl of the Fort Union group of the Northwest­
ern Unitflfl States, and the identity of their flora with that of Mackenzie River and 
the upper betls of Greenland, and it is very satisfactory to iiml that Mr. Gardner has 
indepemlently arrived :1t similar conclusions with respect to the Eoce:tie of Great 
Britain." 

Following out the argument suggested by Newberry and Dawson, that is, the rela­
tion existing- between the plants of Alaska ancl Mackenzie RiYer, and tlte~e in turn 
with the Canadian Laramie and the Fort Union group, we have important confirma­
tory evidence. The flora of the Mackenzie River beds, as worked ont"by Heer,' 
Schrooter, 4 and Dawson," now numbers 30 species, and of these no leRS than 12, or 
40 per cent. are found in Alaska. The 12 species common to Alaska are not rare or 
poorly delinetl in the Alasknn flora, but are in the main well marked ,an<l readily 

•Trans. N.Y. Acad. Sci., Vol. IX, p.l of reprint. 
2 Trans. I:oyal Soc. Canada, 1887, p. 36. 
'Fl. Foss. Arct. Vol. VI, 1 .A bth., ·sd Nr., Beitriigo zur miocene Fl. v. Nor<l Canada. 
"Op. cit, Vol. VI, 1 .Aht,h., 4th Nr., Unt.crsuchung ii. fosA. IIOlzer <1. aret. Zone. 
5 Trans. Royal Soc. Canada, 1889, Fossil p]antS from Mackenzie antl13ow riverM. 
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determinable forms, most of which are very abundant in individuals, as, for example, 
Sequoia Langsdm:fii, Taxodhw~ distichwn 1niovenum, !Hyptostrobns Enropa<us or Ungeri, 
COI"!Jllls MacQuarrii, Populus arctica, etc. A single species, Ptel"is Sitkensis, is confined 
to these two localities, anfl a number of other species, though known uy different 
names, are closely allie<l, if not identical. There can be, therefore, little donbt as 
to the close relationship between the Alaskan an(] the Mackenzie Hivcr deposits. 

The Mackenzie River flora, as already suggested, is in like manner closely related 
wttll the Canauian Upper Laramie, or Fort Union group, as it is called in the UnittJd 
States, abont 30 per cent of the Mackenzie species being common to the two. 

On turning to the table we find that 16 of the 55 Alaskan species are found in the 
Fo.-t Union of the Uuited States. By combining the species common to the Mac­
kenzie Hiver, Canauian Upper Laramie, and Fort Union, we have 22 or 23 of these 
species also fQnnd in the Alaskan bells. 

"Vithout going further into the subject, which indeed the preRent state of our 
knowledge will hardly warrant, it is safe to say with Sir ""William Dawson that 
"There can scarcely ue any doubt that the flora of the Upper Laramie, of the 
Atanekerdluk series in GretJnbnd, anu of the Spitzbergen and Alaskan Tertiaries 
corresponds with the Eocene of Europe, an(l is also identical with ~'ort Union tlora 
of the Missouri region, formerly regarded as Miocene. 

In 1890, in discussing the Similkameen fossil plants, Sir William 
Dawson ( op. cit., pp. 90-91) refers to their Miocene or possibly Olig~cene 
aspect, and says: 

Assuming the Similkameen flora to bo Lower Miocene or Oligocene * ~ * it 
may further be affirmed that the Similkameeu flora is closely allie(l to those described 
by Lesquerenx as tho Green Hiver and Florissant floras, and which he regards as 
Oligocene or Upper Eocene.' 

In working up the fossil insects of the Florissant and Gosiute I .. ake 
beds and of Green River, after diseussing at length their relations, 
Seudder observes: 2 

The Gosinte Lake and the ancient lacustrine basin of Flori~sant were but little 
remove(l from each other, and the deposits of both are presum~lbly of Oligocene age. 

Still later, Sir William Dawson observes: 3 

I shall hope to show that we have in the _Bnrrard Bay collections at· least the pre­
intimations of an early Tertiary flora occupying the space between the Cretaceous 
flora of the 'N anaimo series and the Oligocene or Miocene flora of the Similkameen 
district. 

The correlation of the Kenai group has been somewhat fully discussed 
because, up to very reeently, authorities were almost unanimous in refer­
ring it to tbe Miocene. \Vhen we consider that the Oligocene Aturia 
bed is immediately and conforrnabl'y overlain at Astoria, Oreg-., by 
shales and sandstones undoubtedly equivalent to the Alaskan marine 

IJt does not seem that thi8 opinion was actually printed by Lcsquereux, according to Profes8or 
Knowlton, and I fmd in the Jatest posthumous work of Lesquercux <The Flora of the Dakota Gronp. 
Mon. U.S. Geol. Survey, vol. XVII, 1891, p. 245) that IJe still speaks of the Kenai beds as "the :Miocene 
of .Alaska and the Arctie regions." I)ossibly Sir William Dawson may have intend~(l to refer to 
Scudder. 

•Tertiary Hhynchophorons Coleoptera of tlm United States' '1\fon. D. S. Geol. Survey, vol. XXI. 
189~. Jl. 9. 

sTcrtiary pla.nts from the vicinity of the city of Vancouver, B. C.: Trans. Royal Soc. Canada, 1805, 
2rl ser .. vol. 1, p. !40. · 
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Miocene, and that the latter, in like manner, immediately and conform­
ably overlies the Kenai group, it must be conceded that the view that 
the latter is Oligocene seems highly probable. If we add to this the 
weight of testimony as to the climatic conditions offered by the Oligo 

· cene marine fauna of the eastern United States, and the inferenees 
drawn from the fossil insects and vertebrates, it would seem that we 
are justified in referring the Kenai group to the horizon of the Oligocene 
of European geologists. 

The history of the paleobotany of Alaska and the constituents of the 
ftora will be found elsewhere in this paper. 

A 

The marine Neozoic beds overlying the leaf beds and conglomerates 
of the Kenai group appear indubitably referable to the Mioeene series 
represented in the sandstones and shales of Astoria, though proba­
bly to the upper or newer portion of these beds. Eichwald 1 has con· 
founded the unquestiOnably Neocene species figured by Grewingk with 
Cretaceous forms collected by Dr. Blaschke in Alaska, and referred· 
the whole to the Turonian or Upper Chalk. The fact that nearly half 
of Grewingk's Bpecies are still found living is quite sufficient to estab­
lish the correctness of his original reference of them to the Tertiary, 
while they are ilerived, as previously shown, from beds overlying the 
leaf beds referred by Eichwald himself to the Miocene. 

This does not conflict with the possibility that the Blaschke fossils, 
other than those described by Grewingk, may be referable to the Chico 
or other part of the Cretaceous, which is well known to occur in various 
parts of Alaska. It is possible that two of Grewingk's species, Nucula 
ermani and Tellina dilatata of Girard from Atka, may 110t belong to 
the same horizon as the others, though of this there is no proof, and 
the fossils themselves are not distinctive. 

'J'he table on pages 844 and 845 will indicate the known species and 
their relations. 

-----------------

1 Geogn.-11aleout. J~emcrk., St,. IJetershurg, 1871, pp. 117-137. 
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l t will be noted that of ti.Jc 46 species known 12 belong to genera 
not now represented in such cold waters as those of Bering Sea, and 
of these7 2 species may possibly survive in Californian waters, the 
remainder bei11g presumably extinct. The 19 species known to survive 
in the recent fauna are all forms which belong to northern waters, and 
are capable of surviving low temperatures, though sometimes ranging 
farti.Jer south. We may then conclude that in Miocene' times the waters 
o! this region were warmer than at present, and that the still colder 
epocl•, near the end of ti.Je Pliocene or the beginning of the Pleistocene, 
wee~led out the more delicate forms. 

ENUMERATION OF SPECIAL LOCALITIES. 

The localities where this fauna bas been noticed and the marine beds 
more or less certainly identified will now be enumerated, beginning at 
tbe south. 

On the south side of Dixon's entrance at Skookum Point, near Mas­
sett, Queen Charlotte Islands, lion. J. G. Swan collected specimens, 
now in the National Museum, showing the presence of these beds. 

The occurrence of beds of this age at Lituya Bay has already been 
alluded to. Cenotaph Island, in the bay, is chiefly composed of them, 
and Lam~mon collected a species of Pecten with other marine fossils 
fi·om a height of 200 toiscs above the sea level. 

KADIAK. 

On the island of Kadiak, north of Tonki Cape, on the south coast 
from the shores of Igatskoi Bay, Wossnessenski collected a Humber of 
species of this fauna, which were embedded in a volcanic tuft' about 10 
feet above the sea. On the opposite side of the island, near the settle­
ment of U ganak, similar beds were fot1nd containing analogous fossils. 

At tlle head of the bay into which Red River falls 1\fessrs. Beeker 
and Purington obtained specimens of Cardium, etc., in a brownish 
sandstoub evidently belonging to the horizon of the Astoria Miocene. 

On the portage from Katmai Bay, across the ridge of Alaska .Penin­
sula, on the trail to Naknek h1.ke, the same beds occur, from wl1ich 
W ossnessenski collected lhwcintt1n plectrttm. 

CREPIDUL.A. llED OF UNG.A. .A.ND POPOFF ISL.A.NDS. 

One of the most prolific and best-knowu localities is situated at Zak­
harofi' Bay (sometimes called Coal Bay), on the northern end of the 
islaud ofUnga, one of the Shumagin group. A section on the west shore 
of this bay has already been described in detail, where the marine Mio­
cene is represented in the upper part of the bluff by a layer of sand­
stone about a foot thick, densely erowded with specimens of Crepidttla 
prccrwpta Conrad, sometimes referred to as 0. princeps Conrad, which 
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has been erroneously identified with the recent C. gramdis Middendorf. 
From the vast number of these shells of which the layer is made up 
the name Crepidula bed has been suggested for it. 

This layer appears at a much lower level on the northern shore of 
the northeastern part of Unga, cast from Zakharoff Bay. The sand­
stones lie horizontally, or nearly so, except where disturbed by intru­
sions of later basaltic lavas, which sometimes overflow the sedimentary 
beds or invade them' vertically or laterally, altering the rock at contact 
and for some distance beyond the lavas. 

On the shore of Popoff Island, next eastward from U nga and separated 
from the latter by a narrow strait, the same bed is continued, with a 
thickne;;s varying from 6 inches to 2 feet, carrying oysters, Crepidula, 
Chrysodomus, etc. It is here separated from the conglomer.ates above 
and below by a layer, 10 to 25 feet thick, of hardly-consolidated sand. 
The upper conglomerate is of variable thickness and much altered by 
heat from a bed of lava and volcanic breecia 300 feet thick which over­
lies it. The special character of the igneous material varies rapidly 
from point to point horizontally and vertically. The lower part seems 
more like a cooked conglomerate of pieces of clay-porphyry in a basaltic 
matrix, while the upper portion is composed in part of sharp fragments 
of porphyrite and dolerite cemented by a thin, glossy, vitreous lava. 
The strata are roughly conformable and dip 10° to 15o to the eastward. 
The lowest bed visible in the section exposed appeared to correspond 
to layer No. 6 of the section. 

The fossiliferous layer here contained 0-Ytrea veatehii, 0. tayloriama, 
OrepitZula pnerupta, Galerus, Pecten, Modiola, Modiolaria, Drillia ?, and 
Chrysodomus, all rather scarce except the oysters. The latter were 
frequently bored by Cliona. The fossils were generally fairly well pre­
served, and mixed with fragments of silicified or caruonaceous veg-e­
table matter in the matrix of more or less arg-illaceous sandstone. A 
cetacean vertebra was also found. 

PENINSULA OP ALASKA. 

It can hardly be doubted that these strata reappear on the peninsula 
north of Shumagin Islands, as the Kenai beds do. Grewingk speaks 
(Geogn. Palaeont. Bemerk. p. 58, footnote) of their existence on the 
shores of Portage Bay and at Port MiH!er, while at other points on 
the north shore of the peninsula in that vicinity Postels 1 speaks of 
hori:wntal fossiliferous strata carrying many bivalve shells, reaching a 
thickness above the sea level of 300 feet. These are doubtles:;; of the 
same age as the Crepidula bed of the Shumagin Islands. At Pavloff 
Bay, both on the flauks of the Pavloff Voleano and near the settlement, 
Wossnessenski obtained a large number of fossil valves belonging to 
this fauna. 

J I .. iitke, Voy. SCniavine, vol. 3, p. 27. 



DALL.J ALASKAN TERTIARY GEOLOGY 847 

WALRUS DAY. 

On Morzhowior Walrus Bay, in the first bluff eastward from San­
nakh Strait (or Isanotski Strait, as it is also called), at 50 toises above 
the level o~· the sea, lies a horizontal bed containing the same species of 
fossil bivalves previously noted at Pavlofl' Bay. This layer is covered 
by about 50 toises more of sand and clay. The same layer is noteu by 
Liitkc (Partie nautique, p. 272) on the west shore of Cold Bay. 1 

UNALASKA. 

On the island of Unalaska, at the north-northwestern foot of the vol­
cano of Makushin, the same beds occur again, and from them their 
characteristic fossils have been collected by W ossnessenski, Kastalski, 
and Dr. Stein.2 They are also reported to exist in one of the bays near 
Chernoffski, in the western part of the island. 

ATKA. 

The most western point where these beds have been recognized in 
the Aleutian chain is on the western side of the island of Atka, on a 
small inlet known as Sand Bay, which extendR from the northern part 
of Korovinski Bay. Here the beds are near the sea level, but near by, 
on the western slope of Koniushi Volcano, they appear at an elevation 
of about 30 feet and consist of hard argillaeeous and indurated sandy 
layers with the usual fossil bivalve shells. 

NUSHAGAK. 

, Proceeding northward along the mainland, atothe head of Bristol 
Bay the N usbagak River enters an inlet some miles in extent. At 
the head of ship navigation is the location of the Russian trading post 
of other days ealled Fort Alexander. On the shore of the river in this 
vicinity, but of which we have no more precise information, a sinall 
collection of fossils in an indurated clayey matrix was obtained by the 
late C. W. McKay. They agree in every respect with those from the 
Pribilof Islands, and add some species to our list. The presence of 
these beds at this place is therefore definitely established, but nothing 
is known of their extent. 

ST. PAUL ISLAND. 

Nearly due west from Bristol Bay, in the midst of Bering Sea, rises 
the Pribilof group of islands, celebrated for their fur-seM fisheries. 
The settlement on St. Paul Island is ·situated on the neck of a small 
peninsula, on either side of which is a stretch of sand beach bounded 
by crags of basaltic rock and lava. On the east side of this peninsula, 

I Cf. Veniaminoff, voL 1, pp. 222 antl 236. 
• Grewingk, op. cit., p. 123; Trudi, Mineral. obst., St. l'eterburg, 1830, pp. 382-383. 
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which forms the southeastern extreme of the island, is a bluff or crag 
known as Black Bluff, which, aceording to the observations of W oss­
nessenski in 1847-4-8, is composedof borizoutal layers of a hard clay­
stone, wit.h others in which lime preponderates, forming a pale-gray, 
fine-grained, nlayey limestone, or in whicl1 a couglomcrate of pebbles 
of volcanic origin is bound together in a limy matrix. 1 Over these are 
layers of black or brown voleanic breccia and vesiculae lava. These 
bluffs rise abruptly to a height' of 60 to 80 feet above the sea at their 
base. From the limestone and argillite marine fossils have been obtained 
by vVossnessenski, Elliott, Dall, W. Palmer, and C. H. Townsend, of 
which a collection exists in the National Museum, enumerated in tl!e 
preceding table. AlJOnt twenty-eight species are known from this 
locality, wbicb is stated to be the only spot in the whole group where 
any fossiliferous rocks occur;,Z the remainder of the islands being com­
posed of volcanic rocks and alluvium of very recent origin. 

Observations made in 1891 by Mr. J. Stanley-Brown,3 special agent 
of the Treasury Department, convinced him that at present no dis­
tinct trace of any limy stratum is perceptible in the Black Bluff. The 
fossils obtained by him were eontained in rounded, apparently water­
worn pebbles, which were indiscriminately included in a general mass 
of volcanic ashes and other eruptive matter of which the bluff is 
formed. No extinct species appeared in the collection brought back by 
Mr. Stanley-Brown, while several are noted from the lllaterial of the 
earlier collections. It woul(l seem possible that pebbles of more than 
one geological epoch may be included in the mass, or tbat the wearof 
the waves for half a century has cut away enough of tbc bluff to hide 
or destroy the limy stratum referred to by Grewingk, and which may 
have been of limited extent. It is certain that, from au examination 
solely of the material collected in 1891, the fossils might be referred to 
an age as late as the post-Plioeeue, which would not agree very well 
with the fauna reported by Grewingk and others. The fossils collected' 
by Mr. Stanley-Brown and not inCluded iu the earlier collections are 
as follows: Bnccinwm tenne Gray¥, B. polare Gray¥, Allmete couthot(yi 
Jay¥, LC!la, sp., Yoldilt limatula Say,J,epton grande Dall, Cardium islan­
dict(nt (very abundant), Jliacomr~, sabulosa Spengler, and a fragment pos­
sibly of a Panopea~ All these occur living at moderate depths in the 
Bering Sea, immediately adjacent to the island, at present. Owing to 
the doubt as to their age, they have not been included in the table of 
fossils of the Astoria group heretofore given. 

This deposit has been discussed by Dr. George J\i. Dawson,4 who 
corroborate.s Mr. Stanley-Brown's description of the conditions under 
which the fossils are found, butTegards them as having been detached 
from the sea bottom by a volcanic eruption, with the products of which 

- Grewingk, fieitrag, p. 190. 
2 Cf. H. W, Elliott, Condition of Aflitirs in Alaska, 1875, p, 70. 
•BulL GeoL Soc. America, VoL III, 1892, p. 496, 
• Bull. GeoL Soc. America, Vol. V, 1895, pp. 130-132, 
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they were 1pixed, and therefore does not consider them as fixing the 
age of tlle formation in which they occur, but only as representing beds 
alreauy iu existence at the time of the eruption. 

COMMANDElt ISLANDS. 

On tlle Commander Islands, west of the Aleutians, rocks of the same 
age probably occur, since on Bering Island St~jneger collected some 
specimens of a conglomerated hard gravel of highly polished pebbles 
united by a limy cement, containing fragments of bivalves (Saxicava~) 
and a single piece of claystone with the imprint of a bivalve not yet 
identified. 

OTHER LOCALITIES. 

The islands northward from the Pribilof group do not appear to 
contain fossiliferous strata. St. Matthew and its adjacent islets are 
composed of porphyritic, granitic, and volcanic rocks. 

While at anchor off Pinnacle Island in 1880, when the vessel was 
situated so that the central gasll or fissure between the lateral crests 
was in profile, a distinct glow arising from this fissure was observed at 
night by our party. Tllis led to the supposition that the island was a 
volcanic chimney, and I llave been told by navigators familiar with 
these seas that they had observed smoke arismg from the V-shaped 
crevice alluded to. But Dr. Dawson,1 who circumnavigated the island 
on a steam launch, is of tlle opinion that this view is incorrect. He 
regards the rocks as belonging to an old volcanic series similar to those 
of Cape Upright. Some beds of gray arkose material like that of 
Cape Upright are reported by him as consolidated into a hard rock, 
but occasionally showing distinct stratification. 

St. Lawrence is chiefly gray biotite-granite, tllough slate is reported. 
to exist at its southeastern extreme. The island as a whole is com· 
posed of reddish granitic domes overlain by volcanic rock and united 
by stretches of debris, due to weathering alluvium and sea sand. The 
·Diornedes are massive domes of a white or grayish syenite. The state­
ment of Muir2 that they have been glaciated is without foundation in 
fact, and the same may be said of other islands to the south. 

Returning to the mainland, the last area in which rocks of the Astoria 
group are known to occur is that of theN ulato sandstones on the Yukon 
River between Kaltag and the Koyukuk Mountain. These have already 
been described in connection with the Kenai beds of the same region, 
and it seems unnecessary to recapitulate the data here. 

It may be added here that there is reason to believe, notwithstanding 
the imperfect data which are on record, that the Kenai group and the 
Astoria group are both represented by analogous beds on the southern 

I Bull. Geol. Soc. America, Vol. V, 1894, p.138. 
• Cruise of the Oorwin in 1881, Washington, Treasury Dept., 1884, 4°, 147 pp. Treasury Dept. Doc. 

No. 001; see pp. 140-142. See also Dawson, op. cit., pp.139-140, 1894. 
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part of the peninsula of Kamchatka and on the northern shores of the 
Japanese island of Yesso, though the discussion of those exotic locali­
ties is outside of the limits of this essay. 

PLIOCENE BEDS OF MARINE ORIGIN. 

Ideutifiable Pliocene appears to be remarkably rare north of Cali­
fornia. The small patch noted by Dr. Condon at Shoalwater Bay, 
Washington, lying conformably between beds of marine Miocene and 
Pleistocene, appears to be the only locality for many miles. In com· 
mon with the more extended beds in California, its fauna indicates a 
colder water temperature than at present, ail~ contains a large propor­
tion of species which have since receded northward some hundreds of 
miles at least and now find a congenial habitat in the Al~utian chain 
and Sitkan archipelago. 

ST. ELIAS ALPS. 

In his geological researches on the St. Elias Alps and the region 
westward from the Yakutat Bay, Mr. I. C. Hussell 1 has discovered fos­
siliferous rocks elevated to 5,000 feet above the sea, containing fossils 
which all belong to recent species, yet which, since they belong to a 
more northern fauna than at present is known to inhabit.that locality,· 
are probably referable to the Pliocene rather than the Pleistocene, a 
view which is to some extent supported by the enormous elevation to 
which they have been subjected. Our ideas of what shall constitute 
Pliocene on the Pacific Coast are still rather vague, and may be said to 
involve the idea of a marine fauna containing a certain proportion of 
extinct species. Hereafter we may be better able to define the period 
in terms of dynamic geology, but at present both the recent and fossil 
faunas are but approximately known, and all determinations of the age 
must be taken as provisional. It can not be safely assumed that either 
the supposed Pliocene or the Glacial and post-Glacial epochs on the. 
Pacific Coast were wholly synchronous with those periods on the 
Atlantic Coast to which the same appellations have been assigned .. 
We may, however, be not far wrong in assuming that the Pliocene 
epoch was intimately associated with those great movements of eleva­
tion which have been more or less definitely recognized along the whole 
Pacific Coast from California northward. 

THE GROUND ICE FORMATION. 

A remarkable formation has been recognized in many places in the 
northern part of Alaska, in which solid beds of ice of considerable 
thickness perform the functions of rock strata and are covered by beds 
of blue clay containing numerous remains of Pleistocene mammals, or 
by beds of alluvium which sustain a layer of turf, with or~inary profuse 

'Nat. Geog. Mag., Vol. Ill,l892, pp.171-172. 
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herbage of the region, or even small thickets of birc.h, alder, and other 
small Arctic trees. 

ESCHSCHOLTZ BAY ICE CLIFFS. 

This formation was first noticed by Kotzebue, during his exploration of 
the sound which bears his name, in the year 1816. 1 'fhe remains of ani­
mals which were associated with the clays above the ice were described 
in his appendix on the natural history by Eschscholtz.2 The locality at 
which the original discovery was made is known as Elephant Point, 
Eschscholtz Bay, the bay being an arm of Kotzebue Sound. 

This locality was visited by H. M. S. Blossom, Capt. F. W. Beechey, 
in 1826,3 and observations on the ice formation were made by Surgeon 
Collie, of the expedition, which, with the vertebrate remains collected, 
were discussed by Dean Buckland in the appendix to the narrative of 
the voyage. Kotzebue and Eschscholtz correctly described the forma­
tion as interbedded ic0. Beechey's party, deceived by the mantle of 
clay which at the time of their visit had fallen so as to mask the main 
body of the ice face, concluded that the ice was a superficial deposit. 
They noted similar, deposits of clay more or less associated with ice at 
numerous other points on the ·Arctic coast. 

In 1848 Captain Kellett, in H. M. S. Herald, accompanied by Berth­
old Seemann and Dr. Goodridge, visited Kotzebue Sound and Elephant 
Point with the narratives of Kotzebue and Beechey in their hands, and 
fully confirmed the views expressed by Kotzebue and Eschscholtz as 
to the interstratified position of the ice and the relation to it of the 
bone-bearing clay. Their results ~ere subsequently discussed at length 
by Edward. Forbes and Sir John Richardson.4 The fossil mammals 
were fully described and illustrated in their publication. 

In 1880, when commanding the United States Coast Survey cutter 
Yukon, I visited Kotzebue Sound, ~nd carefully examined this classic 
1ocality. My report was subsequently printed by direction of the 
Superintendent of the Survey.~ As these notes give the fullest account 
of this formation at its typical locality they will be cited verbatim: 

We landed at a small low point [on the south shore of Eschscholtz Bay, west from 
Elephant Point]6 near some old huts and proceeded along the beach for about a mile, 
the Lt1nks being chiefly composed of volcanic breccia or a slaty gneissoid rock. They 
rose 15 to 50 feet above the a·ea, rising inland to hilly slopes without peaks, and prob­
ably not attaining more than 300 or 400 feet anywhere in the vicinity. 

'Kotzebue, Voyage of Discovery into the South Sea and Bearing's Straits, London, Longmans, 1821, 
3 v., 8°, vol. 1, p. 220. 

2 Op. cit., vol. 3. 
•Narrative of a Voyage to the Pacific and Beering's Strait, by F. W. Beechey, R.N., Lon•lon, Col· 

burn & Bentley, 1831, 74.2 pp., 4o. Cf. part 1, pp. 257-259; and for Buckland's discussion, sec appendi:x: 
to the same, pp. 593-612. Also, Zoology of Captain Beechey's Voyage, London, H. G. Bohn, 1839, 180 
pp., 4P, 46 pl. For Collie's geological notes on the ice cliffs, see Geology, pp. 169-173, and Pl. I. 

•·zoology of the voyage of the He1·ald, edited by Edward l<'orbes; Vertebrals by Sir John Richard­
son, London, Lovell Reeve, 185J., 171 pp., 4o, 33 pl. 

•Notes on the vicinity of Bering Strait: Am. Jour. Sci., vol. 21, 1881, pp. 10~111. 
• Phrases inclos~d in brackets are now added for clearness. 
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As we passed eastward along the beach a ehange took place in the character of the 
banks. They became lower and the rise inland was less. Fro~ reddish volcanic 
rock they changed to a grayish clay, containing much vegetable matter, which in 
some places was in strata in the clay ami in others indiscriminately mixed with it. 
Near the beginning of these clay banks, where they were quite low, not rising over 
20 feet above the shore, we noticed one layer of sphagnum (bog moss) ·containing 
fresh-water shells belonging to the genera Pisidinm, Valvata, etc. This layer w·as 
about 6 inches thick. The clay was of a very tough eonsistency, and though wet 
diu not st.ick to or yield much under our feet. The sea breaks against the foot of 
these banks anu undermines them, causing them to fall uown, and the rough, irregular 
talus that resnlts i>~mmgled with turf and bushes from the surface above. A little 
farther on a perpendicular surface of ice was noticed in the face of the bank. It 
appeared to be solid aml free from mixture of soil except on the outside. The banks 
continued to increase slowly, but regularly, in height as we passed eastward. A little 
farther on another ice faqe presented itself on a larger scale. This continues about 
2~ miles to Elephant Point, where the high land turns abruptly to the south and 
west, and we followed it no farther. The point itself is boggy and low, and is con­
tinued from the foot of the high land, perhaps half a mile to the eastward, forming 
the northwest heaflland to a shallow hay of considerable extent. 

To return to the "cliffs." These, for a considerable distance, were double; that 
is, there was an ice face exposed near the beach with a small talus in front of it, and 
1overed with a coatiug of so1l 2 or 3 feet thick, on whic1:' luxuriant vegetatwn was 
growing. All this m1ght be 30 feet high. On climbing to the brow of the bank the 
rise from that brow proved to be broken, hummocky, aml fnll of crevices and holes; 
in fact, a second talus on a larger scale ascending to a second icc face, above which 
was a layer of soill to 3 feet thick covered with herbage. 

The brow of this second bluff we estimated at 80 feet or more above the sea. 
Thence the land rose slowly and gradually to a rounued ridge, reaching the height of 
200 or 300 feet only at a distance of several miles from the sea, with its axis in a 
north and south direction, a low valley west from it, the shallow bay at Elephant 
Point east from it, and its northern end abutting in the cliffs above described on the 
southern shore of Eschscholtz Bay. There· were no mountains or other high land 
about this ridge in any directwn; all the surface around was lower than the ridge 
Itself. 

About. half a mile from the sea, on the highest part of the ridge, perhaps 250 feet 
above high-water mark, at a depth of a foot we came to a solidly frozen str.atum, 
consisting chiefly of bog moss aml vegetable mold, bnt containing good-sized Jumps 
of clear ice. There seemed no reason to doubt that an extension of the digging 
would have brought ns to solid, clear ice, such as was .visible at the face of the 
bluff below; that IS to say, it appeared that the ridge itself, 2 miles wide antl 250 ' 
feet high, was chiefly composed of solid ice overlain with clay and vegetable mold. 
It was noticeable that there was much less clay over the top of the upper face than 
was visible over the lower one, or:over the single face when there was but one, and 
the land :tnd the bluff were low near the beach. There also seemed to be less vege­
table matter. Near tho beach fl or 8 feet of clay were observed in some places, 
without counting what might be considered as talus matter from farther up the 
hillside, In one place only did we notice a little fine, reddish gravel, and nowhere 
in the talus or strata any stones. 

The ice face near the heach was not uniform. In many places it was covered with 
clay to the water's edge. In others, where the bank was less than 10 feet high, the 
turf has been bent without breaking after being undermined, and presented a mossy 
and herbaceous front, curving over quite to high-water mark. 

The_ice in general bad a semist.mtifie~l appearance, as if it still retained the hori­
zontal plane in which it originally congealed. The surface was always soiled by 
dirty water from the earth above. This dirt was, however, merely superficial. The 
outer inch or two of the ice seemed gran uiar, like compacted hail, and was sometimes 
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whitish. The inside was solid and transparent, or slightly yellow tinged, like peat 
water, but never greenish or bluish like glacier ice. But in many places the ice 
presente:l the aspect of immense cakes or fragments, irregularly disposed, over which 
it appeared as if the clay, etc., had been deposited. Small pinnacles of ice ran up 
into the clay in some places, and above holes were seen in the fane of the clay 
bank where it looked as if a uetached fragment of ice had been and hau been melted 
out, leaving its mold in the clay quite perfect. 

In other places the ice was penetrated with deep holes, into which the clay and 
vegetable matter ha<l been ueposited in laye'l:s, and which (the ice melting away 
from around them) appeared as clay and muck cylinders on the ice face. Large 
rounded holes or excavations of irregular form had evidently existed on the top of 
the ice before the clay, etc., ha<l been deposited. These were usually filled with a 
finer grained deposit of clay, with less vegetable matter, and the layers were waved, 
as if the deposit had been affected by current action. 

In these places especially was noticed the most unexpected fact connected with 
the whole formation, namely, a strong, peculiar smell, as of rotting animal matter, 
burneLlleather, aml stable manure combined. The odor was not confined to the spots 
above mentioned, and was not quite the same in all places, but ltafl tbe same general 
character wherever it was noticod. 1 A large part of tbe clay had no particular smell. 
At tho places where the odor was strongest it was observed to emanate particularly 
from darker, pasty spots in the clay (though permeating elsewhere), leading to the 
supposition that these might be remains of the soft parts of the mammoth and 
oth"r animals, whose bones are daily washed out by tho sea from the clay talus. 

At or near these spots, whore the odor was strongest, a rusty, red lichen, or lichen­
like fungn~, grew on the wet clay of the talus in extensiYe patches. Some of these, 
a sample of tbe bad-smelling deposit, and as many bones of the mammoth, fossil 
buffalo, etc., as we could carry were secured. These included a mammoth tusk with 
both ends gone, but still 5t feet long and 6 inches in diameter. Dwarf birches, 
ahlers 7 or 8 feet high, with stems 3 inches in diameter, and a luxuriant growth 
of herbage, iucluding numerous very toothsome berries, grew with the roots less 
than a foot from perpetual solid ice. 

The formation of tho surrounding country shows no higb land or rocky hills from 
which a glacier might have been derived and then covered with-debris from their 
sides. The continuity of the mossy surface shows that the ice must be quite desti­
tute of rnotjon, and the circumstances appear to poiut to one conclusion-that there 
is here 'a ridge of solid ice, rising several hundred feet above the sea, aud higher 
than any of the land about it, ancl oldP-r than the marnm_oth and fossil horse, this 
ice taking upon itself the functions of a regular stratified, rock. Though 
many facts may remain to be investigated, and whatever be the conclusions as to 
its origin and mode of preservation, this formation certainly remams one of the 
most wonderful and puzzling geological phenomena in existence. 

From the character of some of the bad-smelling deposit which was 
brought home and appeared to be composed exclusively of vegetable 
fiber finely comminuted, no doubt is felt that it represents dung of the; 
mammoth or some other herbivorous animal which had been preserved 
in pockets on the surface of the ice where it was probably dropped, 

1 This phenomenon was observed by Kotzebue, Beechey, and the Herald party, and lends further 
probability to the view that the animals were mired in the clay and thus met their death. Since, if the 
clay containeol merely tho accumulated bones of animals wbieh had died aml decayed on the surface 
of the ground, it is unlikely that so much animal matter would ha1·e been hermetically sealed in the 
clay and kept on ice to offend the nostrils of later ;visitors. On tbo other hand, if the ice had not been 
preaent and tho temperature not kept so low it is unlikely that, even in the clay, animal matter '?ould 
l1ave been preserve<l for such an enormous period of time in a condition to give out so ammoniacal a 
stench. All the circumstances point tow an\ the-oiew that the ice preceded and subsequently coexisted 
with animals whose remaiD.s are now found in its vicinity. 
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and by its dark color attracting the rays of the sun had sunk in, as is 
usual with dark objects dropped on an exposed ice surface. It may be 
reiterated that the bones, as noted by previous observers, are contained 
in the day above the ice; never in the ice itself. They are exposed by 
the meltil1g away of the ice face and the consequent fall of the Ruper· 
incumbent clay, which is afterwards disintegrated by the action of the 
waves, leaving the bones exposed on the broad, flat, muddy beach. The 
remarkably fresh appearance of the bones is amply accounted for by 
the low temperature and dense character of tl1e clay in whieh they are 
ern bedded, in which the animalf: may have become mired and so perished. 

The report of Dr. Goodridge, which appears to have been prepared 
with great detail, was unfortunately not printed. In some extracts 
from it given by Richardson it is stated that q,t one of the ice cliffs a 
section was exposed showing 50 feet of pure, clea~· ice above, and behind 
it layers of drifted material, peat, covered with a thick bed of broken 
sticks and vegetable matter, over which lay a stratum of red river 
gravel, upon which was a bed of argillaceous earth capped by dry, 
friable mold and surface peat, with the usual tur.f and herbage. The 
sticks were larger than any growing in the vicinity, hut they may 
have been drifted from the wooded region of the interior. .At another 
place the ice wall was 80 feet high. E. vV. Nelson, who visited this 
locality in 1881 with the U. S. S. Cvrwin, also observed such an accu· 
rnulation of sticks, and noted that some of them had been gnawed by 
beavers. The follqwiug list of' species is mainly extracted from Hich­
ardson's report, those marked with an asterisk having been obtained 
by me in 1880. The nomenclature has been somewhat moderuized. 

* Elephas prirnigenins Blumeulmch. 
Elepbas colnmbi Falconer{?). 
Eqnns major De Kay. 
Aires american us .Jardine=macblis Ogilby. 

* Rangifer caribou Baird. 
* Ovibos mosclJatus Blain ville. 
* Ovibos maxim us Richardson.=O. cavifrons Leidy. 
*Bison crassicornis Rich.= B. antiqnns Leidy . 

.Analogous beds of clay, sometimes with vertebrate remains, were 
observed by Beechey's party at the following localities: 1 

On the north shore of Eschsclwltz Bay and also on the west from it; 
on tlJe south shore of Spafarieil" Inlet and G:ood llope Bay; at Shish­
maref Inlet, west-south west fr·om Cape Span berg; at Cape Blossom; 
northward from Kotzebue Sound, at Point Hope; at various points 
between Cape Beaufort and a point 20 miles cast from Icy Cape; and 
near .Point Belcher, in north latitude 71°. 

From information gathered from several masters of vessels in the 
whaling fleet and derived from experience gained in the effort to dig 
graves for seamen who had died aboard vessels on this shore from time 
to time during the last twenty years, it would appear that somewhat 

'On. cit., p. 603. 
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north of Cape Beaufort the land between the low hills and the sea is low 
and the soil chiefly a sort of gravel. "At a depth of 2 feet is a stratum 
of pure ice (not frozen soil) of unknown depth. This formation extends, 
with occasional gaps, north to Point Barrow, and then'ce east to Return 
Reef, where the ice layer is about 6 feet above the level of the sea. It 
goes south at least as far as Icy Cape without any decided break, and is 
found in different localities as far south as Kotzebue Bound." At Point 
Barrow, near the international station, under the direction of Lieut. 
P. H. ]{ay, United States Army,1 a shaft was sunk to a dPpth of 37 feet 
6 inches, which passed through successive layers of mud, sand, and 
fine gravel, with fragments 'of driftwood and marine shells, showing 
here and there large fragments of pure fresh-water ice, but no contin­
uous stratum of ice. The formation here was clearly a beach alluvium, 
and relatively modern, a pair of Eskimo wooden snow goggles with a 
sinew string still attached to them being found at a depth of 27~ feet. 
The temperature of the earth varied from - 5o to + 17 .5o F.; below 
the influence of the external air the temperature of the earth was 
quite steady at 12° F. for nine months. The earth was frozen and was 
extremely hard and tough. Blasts put into the side of the shaft blew 
out without shattering the frozen em-tll around the drill hole. It is 
probable tbat excavations farther inland migbt have revealed the ice 
layer, which at the locality of the station did not exist. 

KOW AK RIVER ICB CLIFFS. 

After that at Elephant Point, the most remarkable exhibition of the 
Ground ice formation which has yet been recognized is situated on 
the lower part of the Kowak Hiver, which empties 'into IIotham Inlet. 
The cliffs are situated along the bends of the river, which is extremely 
tortuous, almost exactly due north from Elephant Point, near where a 
},ne drawn from Elephant Point to Deviation Peak cuts the Kowak 
River. They have been illustrated and briefly refened to by Lieut. 
John C. Cautwell,2 United States Revenue JXfarine, who discovered them 
in 1884 and revisited them the following year. They are composed of 
solid ice, covered by a layer of dark-colored earth, uniformly about 6 
feet tllick, the whole rising to the height of 15 to 150 feet, with trees 4 
to 8 inches in diameter growing on the surface. Up to this poiht, and 
for some distanee farther, not a stone or pebble was to be seen, the 
bluff's along the river appearing to be composed of clay or soft earth, 
which fell in large masses where undermined by the river. 

1 Report of the International Polar Expedition to Point Barrow, Alaska. 'Vashington. Jiouse Ex. 
Doc. No. 44, 48th Con g., 2<1 sess., 1885,4°; cf. pp. 24,338-339. 

2 Report on the cruiAe of the Corwin in the year 1885, by Capt. M.A. Healy, United States Revenue 
Marine. Washington. House Ex. Doc. No.l53. 4_9th Cong., 1st sess., 1887; of. LientenantCant.well's 
Report, pp. 48-49. .Also Science, Dec.19, 1884, vol.4, No. 98, pp. 539, 551-554; Jan. 30, 1885, vol. 5, No.104, 
pp. n2-93; and Oct. 30,1885, vol, 6, No.143, p. 380_ 

See also Russell (1. C.), Ice Cliffs on Kowak River, .Alaska: Am_ Geologist, July, 1890, vol. 6, No.1, 
pp. 49-50, and letter of Lieutenant Cantwell, following, pp. 51-52. 
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THE KOWAK CLAYS. 

At a point on the river in about west longitude 158° a remarkable 
clay bluff, three-fourths of a mile long and 150 feet high, was reached 
on the left bank of the river. Quantities of mammoth tusks were 
observed in this clay and its debris, where undermined by the stream. 
These clays were doubtless of the same age as those in which the mam­
moth remains are found at Elephant Point over the iee elifl's. Their 
position is &iguificant, being near the lower end of a tract of open tun­
dra, below the low divides leading northward to the Noatak River and 
southward to the Selawik Basin, and near where the Kowak Hiver 
enters a defile which later becomes a sort of canyon obstrueted by 
rapids . 

.He turning to the ice cliffs, during the explorations .of 1885 it was 
observed that "for miles along the river in this portion of its course 
these icy cliffs appear and disappear at regular intervals, so that they 
recur in bends that are parallel with eaeh other." An east-northeast 
and west-southwest magnetic line drawn through one of the cliffs if 
prolonged will cut all the others as well as the analogous formation at 
Elephant Point far to the southward. "Climbing to the top of one of 
these iee cliffR" Messrs. Cantwell and Townsend pushed their way 
"through the dense thickets of willow and luxuriant growth of grass 
into the interior for about 1 mile, where we found a shallow lake about 
a mile in diameter." If the travelers stood still on the peaty soil for 
any length of time "the spongy moss became saturated and soon a pool 
of dark-colored water made our position untenable" (op. cit., pp. 48-49). 
The formation does not extend to the Noatak Hiver, which was explored 
by McLenegan in 1885. 

For these clays, whether independently deposited or found super­
po8ed on the Ground ice formation, the imme of the Kowak clays was 
suggested by me in 1892. 

DIS1'RIBUTIO~ OF FOSSIL VERTEBRATES. 

Other Alaskan localities for the animals associated with the clays 
are the Kotlo River, a stream entering the Yukon from the south above 
old Fort Yukon and elose to the Arctic circle; the valley of the luglu­
talik River, whieh empties into Norton Bay, and of the Ulukak River, 
which enters Norton Sound at Unalaklik. A lake near Nushagak is 
stated on Russian authority to afford an abundance of similar bones. 
They are reported from the upper part of the J.Z"nl.k or Fire River, 
wl1ich debouebes into Cook Inlet: and on the Arctic coast, in latitude 
71°, at a point called Skull Cliff, 'Bcechey's party obtained remains of 
an elephant in a clay overlying a low stratum of ice. W ossnessenski 
collected tusks, teeth, and bones of Elephas primigenitts and E. columbi 
near Topanika Creek, Norton Sound. Other remains of the same sort 
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have been picked up on the coast between Bristol Bay and Norton Sound. 
Teeth of the elephant, bones of Bison antiquus, and especially of the 
musk ox, are not rare on the tundra of the Yukon Valley, whence 
specimens were brought by me in 1868. But the Kotlo and Inglutalik 

·rivers have the reputation of affording these bones in extraordinary 
numbers. Along the Arctic coast, east from Point Barrow, where the 
boues and ivory occur frozen into the clays, they are so common as to 
serve the Eskimo carvers for economic purposes. I obtai:led in 1880 a 
deep ladle, as large as a child's bead, carved, handle and all, out of a 
solid tusk of mammoth ivory by these people. It was said to have 
come from the mouth of the Colville River. 

NAKNEK RIVER, AND REMAINS OF THE MAMMOTH. 

The latest contribution to our knowledge of the distribution of the 
Ground ice and clays with mammoth remains was obtained during our 
trip of 18!35. They appear to be represented in the river ,ieltas of the 
northern coast of the peninsula of Alaska. Here, near the mouth of 
the Naknek River, the existence of the ice covered by heavy banks 
of clay is reported by several of the traders doing business in that 
vicinity. The place was visited by Mr. W. J. Fisber, an old collabora· 
tor of the Smithsonian Institution, on board one of the trading vessels, 
in tbe spring of 18!34. Tbe freshets had melted the icy layer and cut 
away the clays until, by a fall of part of the bank, remains of the mam­
moth were exposed in a cavity iu the frozen clay. The spot was vh<ited 
by the natives of an adjacent Eskimo village, who obtained mammoth 
bones and a large quantity of fat, w:hicb they used in greasing their 
skin boats. The quantity )s estimated at 300 pounds. Mr. Fisher 
reports that when he arrived there and· was informed of the find, the 
cavity in the fror.en clay still retained something of the form of the 
mammoth, and underneath the organic debris, bones, etc., at the bot­
tom be obtained a piece of the fat in good preserYation. This was 
preRented by him to the writer for the United States National Museum, 
where it is now preserved. It has the consistency of bard ta1low, and 
still contains numerous dried muscular fibers. It would seem that the 
carcass had been more or less demoralized before it was embedded in the 
clay, as no mention was made by the natives of any skin or hair in con­
nection with the remains, only of disintegrated muscuJar tissue, bones, 
aud fat. As mammoth bones have no particular value in that part of 
the world, where transportrttion of the most necessary articles is always 
a matter of difficulty, no attempt was made by the natives or Mr. Fisher 
to bring away any of the bones, a large part of which had fallen into 
the river. There can be no question whatever of the accuracy of the 
identification of the remains with those of the mammoth, which are 
well known to both Mr. Fisher and the natives.1 

'See Science, Nov. 8, 1895, p. 636. 
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It is a question whether this occurrence does not throw light on the 
:finding of mammoth teeth and bones on the Pribilof and Aleutian 
islands. Tlw freshets always occur before the sea ice goes out, and 
such remains frozen in the drifting floe might easily be carried before 
one of the spring gales to the shores of adjacent islands. It is known 
that erratics and occasional articles of native manufacture of conti­
nental origilt have been so transported to the islands, and there seems 
to be no particular reason why mammoth remains should not share 
the same fate now and then. 

O'l'HER LOCALITIES. 

I close this summary by a reference to the discoveries of a mammoth 
tooth on the island of St. George, of the Pribilof group, in 1836, 
vouched for by Veniaminoff (Unal. I, p.106), and of tusks and teeth on 
the island of Unalaska in 1801, according to the' report· of Dr. Stein.1 

The Ground ice formation and the Kowak clays have been considered 
here for several reasons. Though the former may be correlated with 
the Glacial epoch of cold and the latter with the post·Glacial era, yet 
there are certain reasons why this, even if probable, is not inevitable. 

ORIGIN OF THE ICE AND CLAY. 

In our ignorance of the chronology of the Alaskan geology it is 
well to consider alternatives. The fact that the Californian mariue 
Pliocene indicates a colder sea than do the invertebrates of the Pleis­
tocene, and that this is confirmed by the evidence of the Oregon and 
Yakutat fossils, which we have called Plwcene in this essay, has 
been already alluded to. It is quite certain that .an elevation of the 
shores of Bering Sea and the continental shelf lying ofl"them if carried 
to 200 feet would unite Asia and America; if to 300 feet, would con· 
nect the eastern Aleutians as far as Umnak and the Pribilof Islands 
with America, and would lay bare an enormous level plain covering 
the northern half alld most of the eastern third of the present a:rea 
of Bering Sea. The diminished body of water which would be left in 
such a case, in connection with the prevalence of the northwest trade 
winds over this area, would give to this region such a dry elimate as 
characterizes mueh of Siberia and the Yukon Valley in Alaska. If 
the elevation took place at the end of the .Miocene, as it did in Cali­
fornia and Oregon, and as the location and condition of the Nulato 
sandstones suggest, and if the greatest elevation was toward the 
west and gradually diminished eastward, we should have conditions 
favorable for the following results: First, a small precipitation with 
little snow, which with extreme cold ancl an almost level surface would 
be unfavorable to the formation of glaciers. Secoud, the formation, 
by t)le drainage of the Yukon awl other streams coming down from 

'Trudi mineral. Obst., St. Petersburg, 1830, pp. 382, 383. 
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the east, of vast shallow lakes of muddy water, the remnants of which 
in winter, after the escape of the surplus water, might, as now occurs in 
the same region, freeze solidly to the bottom and receive considerable 
additions from the snows of winter. Third, the ice thus formed might 
to a certain extent persist, especially if protected from the sun of the 
short Arctic summer by a deposit of clay from the spring freshets. 
Fourth, with a return of a milder climate, though the great mass of 
this icc might melt and escape with the drainage, that in the more 
northern and colder region, especially where protected by the clays, 
might be to some extent conserved and over the clay hogs above it a 
carpet of Arctic vegetation might gradually extend. 

The wandering vertebrates, attracted by the luxuriant herbage which 
we know to flourish in such places, might he trapped in the quagmires 
which the grasses treacherously conceal. Further elevation by afford­
ing better drainage would tend to preserve rather than to waste the 
hidden stores of ice, while the rivers gradually cutting down their 
channels woultl expose the formation when it .lay along tl1eir path. 

That the moderate elevat ons which exist in the region were insuffi­
cient to start into motion the ice thus formed, and thus inaugurate 
glaciers, may be accounted for on several grounds. First, under the 
assumed circumstances tlu3 ice would always be formed on the lowest 
places of the le;vel lowlands, coming there a:,; water, and not as snow 
pressing from slopes. Second, the ice under conditions of very low 
temperature is, without doubt, much more rigid than at higher tempera­
tures, and· by the hypothesis would more or less thoroughly be incor­
porated at its base with the tough and rigid frozen mud upon which it 
formed; in fact, the ice and soil would practically form one body, while 
ice formed from snow falliug on frozen earth would always behave more 
like a body extraneous to the soil. I~astly, the very level character of 
the region would be unfayorable to motion in the ice, as at present on 
tl1e Arctic coast where we know the land ice is stationary; while in 
particular localities, where some motion might take place, the character 
of the l\1iocene sandstones, upon which most of it must have rested in 
the absence of alluvium, is not well suit6d to retain any evidence of it. 

These suggestions are offered as a basis for discussion' in considering 
the anomalous geological conditions· of northwestern Alaska, until a 
greater knowledge of the facts may afl'ord a foundation for some more 

' applicable hypothesis. 
Owing to the crystalline character of the ice as observed by me at 

Kotzebue Sound, Mr. -warren Upham has thought to recognize in it 
true glacial ice.1 This, however, is too hasty an inference. All ice 
derived from snow by pressure of its own ot· other weight has this 
structure, including glacier ice. But iee without motiou, past or aetual, 
can not properly be regarded as glacial, no matter from what conditions 

lAm. Geologist, Vol. XV, No.4, April, 1893, pp. 25!-259. 



860 REPORT ON COAL AND LIGNITE OF ALASKA. 

it bas been derived. The Kotzebue Sound ice is undoubtedly snow ice, 
but we have as yet no proof whatever of its glacial origin. I have 
thought that some of the Ground ice seen by me wa8 stratified, show­
ing alternating layers of granular and solid ice, to be accounted for as 
above stated, but in the multiplicity of duties laid upon me during field 
work in past years I Lave failed to find time to properly investigate 
the minor details of the question and can not affirm that the impression 
was based on suffiCient evidence. 

Dr. Dawson has discussed the occurren,ee of mammoth remains in 
Alaska, 1 taking a view of its 1mgm not dissimilar to that above sug­
gested, but observing that nothing has been adduced to show that it 
is absolutely continuous over any great area. 'l'his must be admitted, 
aml indeed it is difficult to imagine cond1tions under which any great 
area of ice could have been preserved in the manner supposed. Never­
theless, it remains true tluit in favorable situations about the whole 
eastern shore of Bering Sea and Strait and, according to the reports of 
wltalers and explorers, along a great part of the Arctic coast of Alaska 
considerable areas exist where the Ground ice is preserved. In this 
connection reference may be made to a paper on snowdrift deposits 
by Charles Davison, 2 which contains data bearing on the general topic. 

NOTES ON THE YUiiON V ALLEY.3 

In the Yukon Valley the Astoria series overlies the Kenai series, 
with which it is strietly conformable, both dipping to the northwest 
from 100 to 40°. The rock is a coarse grayi:,;h-brown sandstone, con­
taining casts of Ostrea, Macoma, and other marine bivalves, besides 
fucoid remains. It extends from Koyukuk to Kaltag, along the Yukon, 
a good exposure of some 60 feet being afforded by the erosion of the 
banks, the thickness determined for the beds being at least 300 feet; 
the strata are very regularly wavefl and occasionally broken, the waves 
varying from a mile and a half to a quarter of a mile in leugth. · 

The Yukon flows through a country diversified by rolling hills of 
low altitude, seldom exceedin·g 1,500 feet. The bed of the river is on 
the right side of a valley or depression of variable width, but from 
Niiklukahyet to the great southem beii(l the right bank is the higher, 
and the left bank is more or less composed of alluvium, which stretches 
mmally for some distauce to rather low bills. There are no terraces. 
An account of the character and method of formation of the alluvium 
will be found in the Proceedings of the Boston Society of Natural His­
tory, Volume XIII, 1869, page 138. 

To the north of the Porcupine l~iver, where it enters the Territory, 
are low hills. These soon pass into an open plain, very low and marshy, 

'Quart. Jour. Geol. Soc. London, vol. nO, 1894; pp. 1-9 of sevarate copy. 
2 Quart. Jonr. Geol. Soc. Lumlon, ,·ol. 50, Aug .. 189!, pp. 472-486. 
•These notes are from unpublished observations made by W. H. D~ll in J86f>-1869. 
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sparsely wooded with a light growth of spruce, willow, birch, alder, etc. 
At the farthest extremity of this plaiu, northward, are the Romanzoff 
Mountains, the only snow· bearing peaks in summer iu this part of the 
Territory. Their position and trend were determined by bearings from . 
different points on the river. The accounts of the voyagers who have 
visited that part of the Territory unite in the statement tliat tl1ese 
mountains are mostly composed of metamorphic schists and quartzose 
rocks. North of them, according to the same authority, a low plain or 
tundra extends to a low range of hills which border the Arctic coast. 
The Romanzofl:' chain appears to end ratltPr abruptly to the southwest, 
but in the same trend a line of low, broken hills continues toward the 
headwaters of the Dan Hiver, a sb;eam of some magnitude flowing from 
the north, and named by Captain Ketchum, the first of our pioneers to 
ascend the Yukon, and an efficient coadjutor in the work of explora­
tion. This river brings down nothing but fragments of metamorphic 
argillites and quartz rocks, which arc evidently derived from the high, 
rocky hills at the base of which it flows. 

On the south side of this plain a similar but less elevated series 
of hills (of similar rocks) converge toward the Ynkon, so that that 
river, near the mouth of the Dall River, enters a narrow funnel of hills 
which approach each other t1ntil a canyon is formed, through which 

·the great Yukon surges and boils in a narrow but exceedingly deep 
channel. These rocks, which rise to the height of 1,500 or 2,000 teet 
on each ·side of the river, cutting off a great portion of the daylight, 
are all metamorphic, and most of them are very greatly altered. They 
vary from schistose to argillitie, from jasper to tmchytic, but are 
mostly very hard and flinty, traversed with numerous quartz veins 
containing a small amount of iron pyrites; but no trap dikes were 
noticed nor any fossiliferous rocks of any kind. The canyon var·ies 
from one-half to one-fourth of a mile in width, and the rise of the 
water in the spring freshets, as indicated by the scoring and smooth­
ing of the rocks, is about 30 feet, while a fall of 20 feet below the 
mean level is noticed in winter. Thus we have a total difl:'erence in 
height of 50 feet in a channel not less than a quartf'r of a mile wide. 
This gives an approximate idea of the volume of this mighty stream. 
The rate of the current at the mean level, after the freshet has sub­
sided, is about 7 miles an hour, while during the rise it is mnch more 
rapid. Above high-water mark the rocks show no traces of any erosion, 
but are sha,rp, jagged, and irregular to their very summits. There is 
no trai1sportation of material, and the open plains of the Yukon are 
destitute of bowlders, terraces, and the other concomitants of glacial 
action. 

The canyon in question is known as the ''Ramparts." Near its west­
ern termination an immense dike of syenitic rock cuts through the hills 
and opposes a serious obstacle to the current, which has cut two nar­
row, deep channels, between which is a wide mass of syenite-an island 
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at mean low water and a mass of seething foam during the freshets. 
This spot is known as the "Rapids," though the two channels afford no 
obstacles, except their very swift current, to navigation. The Yukon 
then rapidly widens, the hills become less elevated, and the Yukon 
meets the Tanana at the end of the Ramparts. The mountains on the 
left terminate in a rounded but thigh peak, called by the natives Mon­
kh1g-at-lin. On the right of the Yukon is another, somewbat more dis­
tant from the river, which is known as Mob-klan-o-klikh. These two 
I have named the Twin Mountains. At the foot of the first named, 
the small islet forming the extreme point of the land between the Tan­
ana and the Yukon is regarded by the various tribes of Indians as a 
neutral ground, where they all meet to trade in the spring, and so is 
named Nu-kluk-ah-yet. Opposite Nuklnkabyet is a rounded, rather 
low but bold bluff of siliceous conglomerate or breccia. The left bank 
of the Yukon, and also of the Tanana as far as the eye can reach, is 
low, and this continues along the river to the sea, though the belt of 
alluvium varies in width at different points. 

The right bank -of the Tanana is higll and rocky, composed of meta­
morphic sandstones and schists, and the natives state that fartller up 
this river both banks are very mountainous. To the north the low 
Yukon Mountains and to the south successive ranges of lligh hills, 
including theN owikakat and Kaiyull mountains, pursue the same gen­
eral course as the river, trending to tlle west and south. The rocks 
which compose these ranges are apparently metamorphic or. trachytic, 
and have a general dip to the northwest or southeast. From Nuklu­
kahyet to the Lebarge River the north bank is generally high and com­
posed of schistose, siliceous, or metamorphic rocks, argillite, and a few 
patches of siliceous conglomerate and andesite, with alluvium where 
small rivers fall into the Yukon. The lligher summits of the Nowika­
ki'tt Ha11ge I found to be andesitic. Beyond the Lebarge River, as far 
as the Koyflkf1k River, Kenai sandstones with vegetable remains form 
the prevailing strata. The Koyiikuk Sopka is a high peak (1,500 to 
2,000 feet) composed of a soft, greenish, eruptive rock without stratifi­
cation. From the Koyuk11k River to Kaltag the right bank is com­
posed of the brown marine Miocene sandstones overlying the blue fresh­
water sandstones of· the Kenai series, much contorted and faulted. 
This formation extends westward to the Kuthlatno and Unalaklik 
rivers, where the marine strata terminate; the Kenai series come to 
tlle surface, intermixed with metamorphic argillites and slaty sand­
stones, the lligher peaks of the rolling low hills which fill tllis district 
being eruptive or igneous rocks. From Kaltag to Lofka's the rocks. 
of the right bank are mostly eruptive, exhibiting wonderful variations 
in color and sometimes containing zeolitic minerals. Below this meta­
morphic rocks again prevail, with conglomerate, until at the Mission 
amygdaloidal basalt and lava come down to the river and cover a wide 
belt of country between this point and Norton Sound near St. 1\fichael. 
Eruptive and metamorphic rocks follow, and at the great· e.outhern 
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bend blue Kenai sandstones and shales are again seen, followed by an 
immense plain or delta composed of alluvium brought down by the 
river. Point Romanoff and Cape Romanzoff are metamorphic, as well 
as some low ranges of hills to the southward. 

The island of St. Michael, upon which was situated the redoubt of the 
same name, is of very recent -origin. Traditions are current among 
the natives that it has been thrice submerged below the sea. Stuart 
and Egg islands are similar in formation. There are several well­
defined craters on the island of St. Michael. One of them is occupied 
by a small lake. None of the rocks rise to 'any great height. At the 
settlement the rocks are almost entirely of a scoriaceous, amygdaloirlal 
lava and basalt, roughly columnar on the beach near the boathouse, 
covered with layers of ashes, decayed pumice, vegetable mold, and 
peat. Specimens and reports brought from the region between the 
Yukon and Kuskoquim rivers show that the mountains of that region 
are essentially granitic, while bearing metamorphic quartzites and 
argillites upon their flanks. 

PLEISTOCENE. 

The epoch of the Pleistocene is practically outside the scope of this 
report. It might be said, briefly, that it included in Alaska great 
changes of level and marked volcanic activity, much as in California. 
Recent papers by G. M. Dawson,i W. P. Blake,2 I. C. Russell,3 and G. 
F. Wright,4 bear on this topic and may be consulted with advantage. 

It may be proper to mention here that I found several erratics with 
distinct glacial groovings on Woody Island, Kadiak, one of them in 
the Mission garden, but they are not abundant and are discovered only 
by careful search. As we left Kadiak, working northwest from Chi­
niak Bay through the strait between Kadiak, Afognak, and Spruce 
islands, .it was noticed that the base-leveling of the lowlands was less 
and less elevated as we proceeded northward, and that no base-leveled 
bench is visible on the northwest shores of Kadiak and. Afognak 
islands. The base-leveling referred to, while quite apparent in a gen­
eral view, is less recognizable on the ground locally. The rocks of this 
region are apt to be tilted at a high angle and break into pinnacles and 
acute-angled blocks which more or lesA effectually mask the effect of 
the base-leveling when viewed at close quarters. The hardness of the 

'Trans. Royal Soc. Canada, 1890, vol. 8, sec. 4, pp. 3-74. Also, Bull. Geol. Soc. America. VoL IV, 
pp. 427-431, 18P2; and Vol. V, l'P· 117-146, l<'eb., 1894. 

'Glaciers of Alaska, in Am. Jour. Sci., July, 1867, 2d ser., vol. 44, No. 130, pp. 96-101, and Notes on 
the geography and·geology of Russian America and the Stickeen River, H. Ex. Doc. 177, 1863, part 2, 
Washington, 19pp., so. Also, T. A. Blake, "General topographical and geological features of the 
northwestern coast of America," etc., in Coast Survey Report for 1867, App., 18 E. 1S69, pp. 2S1-290, 
Washington; and W. Libbey, jr., Bull. Amcr. Geog. Soc:, New York, 18S6, 1887, No.4, pp. 279-300. 

•Notes on the surface geology of Alaska, Bull. Geol. Soc. America, March, 1890, Vol. I, pp. 99-162, 
Washington, so. Also, Mount St. Elias and its glaciers, Am. Jour. Sci. 3d. ser., vol. 43, No. 255, pp. 
169-1~2, March, 1892; also, Malaspina Glacier, Jour. of Geol. Chicago, Vol. I, No.3, pp. 219-245, 1893. 

•The Muir Glacier, Am. Jour. Sci., Jan:, 1887,_ 3d ser., vol. 33, pp. l-lS; also, Bull. Soc. Alaskan 
Ethn., 1888, No. 2, S0 , 22 pp. 
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rock, which would seem to make it a suitable medium for retaining 
glacial markings, if any existed, is more than made up for by its tend­
ency to splinter. The difficulty in finding marks of erosion on the 
rocks in place is greatly added to by the dense blanket of moss and 
wiry herbage whieh in this moist climate covers everything except the 
vertical faces of the outerops. 

NOTES ON THE PALEONTOLOGY OF ALASKA. 

The earlier formations are but little known in this part of the world; 
hence isolated notes, however unsatisfactory from a general standpoint, 
have a certain value, if only as indications for the future explorer. 

SILURIAN. 

The Upper Silurian (Clinton) Halysitcs esclwroides Lam. is reported 
by Grewingk 1 as having been found in drift pebbles near Sitka, but 
no bed roek is known in that vicinity from which it might have been 
derived. 

While engaged in field work on the coal field near Killisnoo, in the 
Alexander Archipelago, east of Sitka, we received from Mr. Bright­
man of that place some pieces of fossiliferous limestone obtained by 
him on the shore of Saginaw Bay, Kuiu Island, near Point Corn­
wallis. These comprised a broken and silicified, rs,ther amorphous 
limestone, which was said to lie higher, and two thin, very fossiliferous 
slabs of sandstone, which it was stated were found at a lower level. 
The former is regarded by Mr. Charles Schuchert as probably of Silu­
rian age, and an account of it and its fossil contents will be found 
in his report hereto appended. 

DEVONIAN. 

We owe to the late F. B. Meek 2 the demonstration of the existence 
of rocks of this age in Ahska. Fossils collected by Robert Kenriicott, 
R. W. M1:Farlane, and the Rev. W. W. Kirkby determined the horizon 
of the deposits to be that of the Hamilton group of New York. Ainong 
the species collected in Russian America, now Alaska, were Cyatho­
phyllum arcticum Meek, Zaphrentis recta Meek, Z. JJ[acfarlanei Meek, 
Paleocycltts Kirkbyi Meek, Favosites polymorpha Goldfuss, Atrypa aspera 
Schlotheim, and Cyrtina harniltonensis Hall. 

The rocks containing these fossils are limestones, more or less impreg­
nated with bitumen, and very similar to those which afford the petroleum 
of Pennsylvania. Their topographical aspect is that of low, undulating 
hills, seldom more than 500 feet in height, and usually mueh lower. In 
consequence of this, the Porcupine River in the Devonian area is a 
rather wide, shallow stream, obstructed by sand banks and shoals and 
without rapids, falls, or deep canyons. The dip is generally in a north-

I Beitrag zur Kenntniss, N"W. A in. 1850, p. 20. 
•Trans. Chicago Acad. Sci., Vol. I, 1867, pp. 61-114. 
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westerly direction, and the strata are more or less folded or distorted. 
The extent of the Devonian area on the banks of the Porcupine ltiver, 
which enters the Yukon from the northeast near the Arctic circle, iR as 
yet not precisely determined. 

CARBONIFEROUS. 

For many years the only definite locality for rocks of this age in 
Alaska was the coast of the Polar Sea, north of Bering Strait, between. 
Cape Beaufort and Cape Thompson. They dip to the northwest, and 
consist of beds of limestone intermixed with siliceous and sbaly layers.1 

Among the fossils from this locality are·Encrinites, Lithostrotion, Tubi­
pora, Turbiuolia, Cyathophyllnm, Oaryophyllia, Productus, Spirifer, 
Ortbis, and ¥ Dentalium.2 A spirifer from this locality was loaned for 
examination by the California Academy of Sciences, and will be found 
referred to in Mr. Schuchert's report. Cape Lisburne is reported to 
reach a height of 1,000 feet, but most of these cliffs do not exceed 400 feet. 

In 1867 1 picked up near the ''small houses" above the lower Ram­
parts on the Yukon Hiver in Alaska. a drift pebble containing Chonetes 
gtabra Geiuitz, a species of Productus, and some crinoid joints, which 
were identified by }\reek as undoubtedly Carboniferous. 

The limestones about the Muir glaciers in southeastern Alaska are 
mostly unfossiliferous, but in 1893 a coral was obtained from them by 
Prof. J. J. Stevenson which bas been identified as a Lonsdaleia,3 and 
they have consequently been referred to the Carboniferous epoch. 

I ·have already spoken of a slab of limestone, containing fossils, 
obtained from Saginaw Bay, Kuiu Island, by Mr. Brightman, and pre­
sented to me. This contains a variety of distinctively Carboniferous 
brachiopods, and will be found described in Mr. Schuchert's report. 
Since our return a small lot of fossils from the west coast· of Kuiu 
Island, opposite the south end of Baranoff Island, has been kindly for­
warded to me by Mr. J. A. Becker, of Sitka. 

MESOZOIC. 

EAH.LIER EXPLORATIONS. 

Hocks of this age were reported by Grewingk 4 upon the evidence of 
· fossils collected by Eli a W ossnessenski on the southern side of the 
peninsula of Alaska, near the Bay of Katmai. They were of a brown 
ironstone containing Ammonites wossnessenskii, A. biplex, Belemnites 
paxillosus ?, and Unio l·iass·in7tS ?. The last was from a stratum probably 
different from the others. 

The eastern promontory or point of Cold Bay, Alaska Peninsula, is 
. low and surrounded by many dangerous rocks, avoided by the navi-

-
'Buckland, Appendix to Beechey's Voyage, Part II, p. 169, London, 1839, 4o. 
'Grewingk, op. cit., p. 271. 
3 Sce Science, n. s., Vol. III, No. 53, January 3, 1896, pp. 33-34; also IT. P. Cushing, "Notes on the 

areal geology of Glacier Bay, Alaska," in Trans. N.Y. Acad. Sci., Vol. XV; also H. F. Reid, "Glacier 
Bay and its glaciers, in Sixteenth Ann. Rept. U. S. Gco!. Survey, Part I, 1896, pp. 421-461. 

• Beitrag, pp. 48, 271-274. 

11 GEOL, PT I--55 
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gator. At the end of this cape Pinart obtained a number of specimens 
of Monotis salina1·in, indicating the presence tberc of Triassic beds. 
The species was identified and figured by Fischer. 

Rocks carrying au abuudant fauna arc believed to eover a wide area, 
especially in the peninsular region of Alaska. Tbose collected by us 
have been placed in the lmnds of Prof. Alpheus Hyatt for descrip­
tion atl(l report, and I shall content myself here with a reference to the 

. principal sources of information in tbe literature, and to a description 
of the localities ti·om which they were obtained. Data in relation to 
the Mesozoic paleontology of Alaska may be sought in the works of 
Dol'Osbin,1 Grewingk,Z Bicbwald/ Fischer,• White,• and Lesquereux.6 

The early explorers found on the portage from Katmai Bay to the 
northern side of the range,

1
northwest from Katmai village, near the 

foot of the Kutlnshat Volcano, a stratified ferruginous sandstone con­
taining Aucella and Inoceramus. Tbe same fossils were also obtained 
from the east coast of the peninsula, southwest of Nakchalitak Bay. 
At the high south point of entrance to Cold Bay (whieh is also called 
Studenaia, Puale, or Pualuk Bay), named Yaklok (Jaklak or IaklOk) 
Cape, a rlark limestone containing belemnites was found by Doroshin, 
above which were sandstones with plant impressions resembling cal­
amites, but really reeds of a more modern type. 

At the entrance of Cook Inlet, near Port Graham, Doroshin found a 
heavy bed of limestone containing ;Janira and Arcomya crassissimct, 
referred by Eichwald to ·the Neocomian. 

On tlw east coast of the peninsula of .Alaska, northward from (J na­
lishakhtak Island, he reports a heavy bed of dark limestone with many 
ammonites, Cnrditwn imbricatariuin, and Astarte germnni. 

Beyond Chasik Island, on the west side of Cook Inlet, ammonites 
were found in a hard, black sandstone, dippin"g 25° to 40° N. 

At Anchor Cape, Cook Inlet, at low water, quantities of Inoceramus 
porrecttts are reported to be scattered among the pebbles, but no 
stratum from which· they could be derived is yet known above high­
water mark. 

A few. species indicated but not described by Goppert 7 in 1861 are 
the same as those afterward described by Bichwald. 

I P. Doroshin. Einige Beobachtungen und Bemerkungen ueber <las Gol<l-vorkommen in der Be· 
sitzungen der R. Am. ()ompagnie, Erman's Archiv, xxv, PI'· 229-237. Berlin, G. Reimer, 1866. 

2Constantine Grewingk. :Beitrag zur Kenntniss tier orographiscben uud geognostischen Be· 
schaffenheitder Nord-West-Kiiste Amerikas, mit den an!iegenden Inseln. St. Petersburg, Carl Kray, 
1S50. so, pp. iv, 351, ill. 

··•Eduard von Eiohwuld. Geognostisch-paleontologische Bemerkungen ueber die llalbinscl Man· 
gischlak und die Aleutischen Inseln. St. Petersburg, Kais. Akad. Wiss. 1871. S0 , pp. 200, pl. 16. 

•Paul Fischer. Sur quel<}ues fossiles de I' Alaska, in Voy. ala cote NW. de !'Am. 1870-1872, par 
Alphonse Pinart, l'aris, 1875, pp. 33-36, pl. A. 

'Charles A. ·white. On a small collection of Mesozoic fossils obtained in Alaska by Mr. W. H. Dall' 
Bull. U.S. Gcol. Survey No.4, pp. 10-16, pl. vi. 1884. 

• Leo Lesquereux. List of recently identified fossil plants belonging to the U.S. National Museum, 
etc.; Proc. U.S. Nat. Mus., x, pp. 21-~6, pls. i-iv, 18S7. Also, plants obtained at Cape Lisburne bS 
H. D. Woolfe; Proc. U.S. Nat. Mus., xi, pp. 31-33, 1SSS. 

• Abhandl. der sch!es. Gesell. fiir vaterlandische Cnltur, II, p. 201, 1861, aml 1867, p. 50. 
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'AUCELL.A. llEDS. 

In 1871 Pinart obtained Aucella and Homomya from the rocks of 
Aniakchak Bay, near Sutkum, on the south side of the peninsula of 
Alaska, east of Chignik Bay, and also from a small bay which he 
calls N akhalilik, south of the Chiginagak Volcano and west of the bay 
of the same name. These were identified and figured by Fischer. 

In 1874, while surveying Port Moller, ou the uorthern border of the 
peninsula north of the. Shumagin Islands, I discovered at a blufi' 
point at the head of the bay, about E. by S. by compass from the end 
of the long sand spit which protects the harbor, a limestone contain­
ing numerous fossils, chiefly A7wella concentrica Fischer, but including 
a Cyprina and Belemnites, described by Dr. White as new. A large 
Pecten of the Amusium type was also observed on an enormous slab of 
rock from which it co'uld not be detached. In his discussion of these 
fossils Dr. White has expressed himself as follows (op. cit., pp.l0-13): 

During the ymus 1840-1812, Elia Wossnessenski, while making zoological collec­
tions along the west coast of North America, obtai nell also a few fossils from Alaska. 
These were published by Constantine Grewingk, in Verhan<llungen cler Rnssiseh­
Kaiserlichen :Mineralogischen Gesellschuft zu E!t. Petcrburg, for the years 1848 and 
18+9, pp. 344-347. Those which 'Vossnessenski obtained from the bay of Katmai, on 
the southern coast of Alaska, Grewingk referred to the J nrassic; and some others, 
from Kadiak Island, he referred to the Tertiary. 1 n the work presently to be noticed, 
l':ichwald, however, declares the former to be of Neocomian, and the latter of Turo­
nian age. 

Alaska and the Aleutian Islands were visited during the years 1847-1852, by Peter 
Doroshin, a Russian mining engineer, who made some important collections of Me.s­

. ozoic fossil mollusks from various localities in that region. Professor Eiehwald, in 
1872, published these fossils in St. Petersburg, together with other fossils which 

. Doroshin had collecte<l in the region of the Caspian Sea, the title of the work being 
"Geognostisch-Palooontologiache Bemerknngen ueber die Halbinsel Mangischlak nnd 
llic Aleutischen Inselu." In that work, under the subtitle "Fossilc Thiere des Neo­
com und Gault," pages 158-200, he describes sixty-two species of Mesozoic fosail mol­
lusks from Alaska and the Aleutian Islands, and devotes sixteen plates to their 
illustration. Jt is this portion of Doroshin's collection tlmt I propose to more espe­
cially refer to in this article, because l have now to consider a small collection of 
fossils from Alaska which probably came from t.be same formation. Eichwald is 

. positive in ]tis reference of this part of Doroshin's collection mainly to the Neoco­
mian division of the Cretacpons, bnt in part to the Gault. He identifies certain spe-

. cies found in Alaska with some of those which have been long known in Russian 
strata, aml which Keyserling referred to the Jurassic. Geologists have generally 
accepted this reference; but in the work on Alaskan fossils just referred to, Eich­
wahl states that the Russian strata which bear the fossils alluded to arc of Neoco-

. mian, and not of Jurassic age.· He also regards the Russian and Alaskan strata which 
bear those fossils respectively as geologically equivalent, and makes at least one 
Alaskan species i<lentical with a Russian one. 

Prof. Jules Marcon' has called attention to the fact that there is a commingling of 
Jurassic and Lower Cret:1ceous types in both the Russian and Alaskan strata which 

. have just been referred to; and that a similar condition of things exists in the island 
of Sakhalin and other portions of Horthern Asia, · 

'Explication d'une seconde ii<lition de Ia carte geologique de Ia terre, by Jules Marcou, pp. 121 
an<\137-140. 
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The :Mesozoic collections which were made by Doroshin in Alaska are very impor­
tant, but Eichwald's publication gives no comprehensive sketch of the geology of 
the Alaskan region. He refers some of the fossils from Chasik Island to the Gault, 
and some to .the Neocomian; but he gives no description of two separate Mesozoic 
formations there. For want of definite information as to the geology of the region, 
one cannot feel certain that all the fossils which Eichwald refers to the Neocomian 
really came from one and the same formation. If those fossils arc all strictly of the 
same epoch, I think Eichwald's reference of them to the Neocomian is not unreason­
able, because so many of those mollusks are of Cretaceous types; and yet Marcou's 
statement that there is a commingling of Jurassic and Neocomian types in those 
northern Mesozoic strata seems to be well supported. It has been thought by some 
paleontologists that Aucella is conJincd to Jurassic strata; hut this genus is now 
known to exist in strata of undou btetl Cretaceous age; and if the opinion of Eich­
wahl is accepted, it will appear that Aueclla is more characteristic of the Cretaceous 

· than of Jurassic strata. At least it is plain that we cannot now rely upon the pres­
ence of that genus as affording any proof of the Jurassic age of the strata which 

. contains if. 
During the prosecution of his work upon the Unitecl •States Coast and Geodetic 

Survey along the western coast of the Alaskan Peninsula in the year 1874, Mr. "\V. H. 
Dall made a collectiou of Mesozoic invertebrate fossils which are of the same age as 
at least a part of those which which were collected by Doroshin. In his notes Mr. 
Dall designates the locality at which they were discovered as "Fossil Point, Port 
Moller;" and indicates its position as approximately in longitnde 1600 31' west, and 
latitude 45° 14' north. The collection consists mainly of a species of Au cella, which 
is evidently identical with the forms which are figured on Eichwald's Plate XVII 
(loc. cit.), the specimens of which collection, like those ofDoroshin's, are all in the 
condition of uatural casts. The collection also contains a single valve of a species of 
Cyprina, and some fragments of a remarkably slender Belemnite. This collection is 
now tl1e property of the Unitml States National Museum, and permission to use it 
in the preparation of this article has been given by the Director of the Museum. 

Two yea1·s previous to Mr. Dall's visit the same region was visitetl by M. Alph.-L. 
Pinart, 'who obtained some fossil shells of Mesozoic age upon the eastern sille of the 
Alaskan Peninsula. These fossils evidently came from the same. formation that fur-
nished the shells which arc figured by Eichwald on his Plate XVII. * * 

The fossils which were collected by M. Pinart were discussed by M. P. Fischer, in 
the report Just cited, under the subtitle, "Sur quelqiws Fossiles de !'Alaska," pages· 
33-36, Plate A. Only two species were obtainecl by Pinart from j,he localit,ies just 
mentioned, one of which Fischer places under Pholadomya (IIomomya), hut he gives 
it no specific name. Tbe other he refers to theAucclla concent1·ica of Fischer. * * 
If the Mesozoic collections of Dall and Pinart, anfl also that part of Doroshiu's col­
lection which Eiehwald refers to the Neocomiau, all really came from one anll the 
same formation, the fauna thus represented has certainly much of Cretaceous, as well 
as of .Jurassic character. This is true, even after excluding those species of Dora­
shin's collection which Eichwald refers to the Gault, and of course all that he refers 
to the Turonian. Still, this fauna has enough of Jurassic character, according to the 
views which have hitherto been generally entertained by llaleontologists, to suggest 
that the strata which hear it occupy a transitional p·osition, as inllicated by- Marcon. 
According to views now generally held by naturalists, transitional faunas ought to 
occur between all those which especially characteri:r,e each epoch respectively, and 

. the suggestion of such a case for this Alaskan fauna seems to me to be reasonable. 
Certain of the Cretaceous strata of Texas have been doubtfully referred to the 

Neocomian, but, with this exception, no North American strata south of the northern 
limit of the United States have hitherto been referred to the lower division of the 
Cretaceous series, and a broad hiatus has appeared to exist between those. northern 
strata and the lowest of the Cretaceous rocks yet known· south of the limit just 
referred to. Within a few years past, however, the labors of Dr. Georl);e M. Dawson 
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in the coast region of British Columbia h:we brought to light; some series of fossils 
which Mr. "\Vhiteaves thinks prove the strata carrying them to he of the age of the 
Middle Cretaceous and the upper part of the Neocomian. (See Trans. Royal Soc. 
Canada, Sec. IV, 1882, p. 81.) Lately, also, some Ammonites have been sent to the 
United States National Museum by Mr. James G. Swan, ·from Skonnm Point, British 
Columbia, which are suggestive of the earliest Cretaceous if not of Jnrassic age, 
and they will doubtless be founrl to hold an im1JOrtant relation to the Cretaceous 
strata examined by Dr. Dawson, and also to the Alaskan Mesozoic strata which bear 
the fossils describer! in this article. In fact, it seems now to be evident that it is 
along the west coast of North America, from California to Alaska, that we are to 
look for the lower portion of the Cretaceous series on this continent. "\Vhile these 
northwestern strata seem to be certainly older than the oldest of the Cretaceous 
strata in all that broad region occupied by Dakota, Montana, ·wyoming, Colorado, 
and Utah, it is, nevertheless, true that in all that great region, where the Cretaceous 
and Jurassic strata are both exposed, the former seem always to rest conformably 
upon the l:ttter. This apparent conformability over so wiue a region shows how cau­
tion~ one ought to be in cmlCluding that deposition has been continuous in all cases 
where there is 11erfect conformity of strata, even if it is of great extent. * * 

Comparing these specimens [with each other and] also with the figures of Alaskan 
_forms of Ancella· which are giv.en by M. Fischer on his Plate A, and also with 
those given by Eiehwalcl on Plate XVII (loc. cit.), I can not doubt that they are 
all specifically identical with each other, nor that t.hey all represent only one spe­
cies. I have, however, some doubt as to which of the known European species of 
Au cella the Alaskan form ought to be referred to; but as it seems to agree more 
nearly with .d. conccntrica Fischer, I have designated it as a variety of that species. 

In 1890 Mr. C. H. Townsend, of the United States Fish Commission 
steamer Albatross, vi:,;ited llereudcen Bay, which makes iuto the low­
lands of the peninsula just westward of Port Moller. Among the fos­
sils collected were two varieties of Aucena· in a somewhat different 
matrix. 

J\ir. W. J. Fisher, of St. Pauls, Kadiak, an old collaborator of the 
National Museum, has at ditl'erent times sent in Aucella from the follow­
ing localities on the south side of the peninsula bordering on Shelikoff 
Strait, which separates the Kadiak group from the mainland: Kanatua 
Bay, Cold Bay, Kiyiyukak Bay, U gluak Bay (sometimes called Amber 
Bay), and Katnishak Bay, Cook Iulet. He has also found ammonites 
washed up on the beach of Kamishak Bay, and obtained others from 
near the portage on Kialagvit Bay. 

EXPLORATIONS BY THE UNITED S'L'ATES GEOLOGICAL SURVEY IN 1895. 

In 1895, Dr. Becker, Mr. C. W. Purington, and myself collected Meso­
zoic fossils in a number of localities. 

TUXEDNI HARBOR. 

Behind the island named Khazik in Tebienkoff's atlas, or Chasik in 
Eichwald's German text, but commonly called Chisik by the navigators 
in Cook Inlet, is au excellent harbor, called by Eichwald Tukusitnu 
Bay, and by the natives Tuk-serl'-ni. It is about midway on the west 



870 REPORT ON COAL AND LIGNITE OF ALASKA. 

side of the inlet., between Cape Doughis and the North Foreland, and 
nearly abreast of tlJe great volcano Iliamna. 

Almost at the head of this harbor, on the main shore, is a bluft' about 
50 feet high. The upper stratum is about 4 feet of reddish gravel, 
below. which is a barren yellowish sandstone composed of coarse quartz 
grains and about 15 feet thick. Below that is a limestom•, of a dark­
gray to pale eolor, in successive thin beds, apparently carrying only a 
single fauna, and underlain by a light-gray barren shale. The lime­
stone contained au abundant fossil marine invertebrate fauna, alHl the 
wide area uncovered at low water and almost horizontal was an old 
Mesozoic beach, preserving the fossil sbells, mud cracks, and other 
mal'kings very perfectly, while overstrewn with tbe mussels, dead 
bivalves, and algm of the living fauna. (Pl. LVIII.) · 

The nortbeast head of the harbor shows bluffs of limestone, sand­
stone, and conglomerate eontaining· roiled pebbles, both pebbles and 
matrix containing the same fossils. At this place a particular bclem 
nite was very common, wbile on the opposite shore, though the belemnite· 
was not absent, Inoceramus porrectus Eichwahl seemed to be the most 
abundant shell. 

The bluff's on the island are much higher than the one described on 
the mainland. The upper portion of Chasik Island rises to a magnifi­
cent castellated summit of curiously eroded beds, which appeared to 
be conformable in every respect with one another and with the beds 
actually reached. The elevation can hardly be less than 2,000 feet. 

Au abundant collection was obtained at this locality, for a complete 
account of which the reatler is referred to Professor Hyatt's report. 

(JOLD BAY. 

A locality already alluded. to, and where we had heard that Meso-
1 zoic tossils were to be found, is Cold Bay, on the south shore of Alaska 

Peninsula, in latitude 57° 40'. At the southwest point of entrance of 
this bay is Cape Yaklok, near wbich Eichwald's supposed ealamite was 
reported to be found, while the opposite point had furnished to Piuart 
his Triassic .1lfonotis 8alina.ria, though, unfortunately, we were not at 
the time of our visit reminded of the latter fact. ~Well up on the 
northeastern -side of the bay is a valley which a stream drains, off the 
mouth of which is anchorage. Westward of the stream is a rather 
high (2,000-2,500 feet) ridge, recalling the Mesozoic mountaiits about 
Tfixedni Harbor, eroded in beuehes and having a singularly artificial 
aspect. From the first bench on this ridge Mr. Purington obtained a 
few Mesozoic fossils, the most noticeable of which was a Rhyuchonella, 
and a few others were obtained at high-water mark where the same 
ridge came down to the beacb. The matrix was coarse and friable and · 
the specimens were few, but it seemed certain that the two lots belonged 
to the same fauna, which must range through at least 1,000 feet of 
strata. The rock is chiefly a calcareous shale, barren of fossils, which 
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disintegrates into small angula~· fragments, formiug enormous and 
extremely regular talus slopes. ·where a seam of sand and gravel or 
coarse sandstones is interleaved with the shales, there the fossils are 
found, but these seams are rare. We made the unavoidable mistake 
of hunting inside the bay for :fossils, while the fruitful localities now 
appear to be just outside the points of entrance. 

KIALAGYIT BA"{, 

Onr uext collecting ground for Mesozoic material was in Kialagvit 
Bay, a little to the west of Cold Bay. Here ammonites had been 
reported to Fisher by the natives. The bay is long, and is defended 
from the sea by a line of islets and reefs. The shores opposite are 
low and grassy near the water, and rise gradually to bills of much 
the same type as those of Cold Bay, though wanting the benches, as 
the beds were more steeply inclined. The grassy bank gave no very 
encouraging prospects as a colleeting ground, but we finally went 
ashore where a few small outcroppings were visible, at a locality north­
east of the mouth of the river which. drains a valley up which the 
11atives go to make a portage over to Ugashik Lake, on the north side 
of the peninsula. The bank is less than 100 feet high, and is mostly 
covered with a rank growth of herbage, but the small outcrops referred 
to afforded us, in the half hour given to.it, as many fossils as could be 
carried away. A few blasts put iu here would doubtless enable one 
to secure a shipload of fossils. The natives stated that in going over 
the portage they sometimes saw ammonites a foot in diameter among. 
the fragments of talus. There can be no doubt that a very large arra 
of Mesozoic rocks exis~s on the southern slopes of the peninsula, and 
a careful exploration would probably reward the paleontologist richly. 

WOODY ISLAND, KADIAK. 

In addition to the above-mentioned localities on the mainland, there 
are on some of the islands of the Kadiak group certain blackish, much 
contorted, slaty rocks which underlie unconformably the occasional 
Cenozoic sandstones, and have excited some interest in the past on 
account of the traces of precious metals which they have afforded. 
The writer ma(le strenuous efforts to obtain some organic remains 
by which the age of these rocks could be determined. They present 
every feature petrologically which would indicate for them a greater 

·age than the Mesozoic formations encountered on the mainland. 
At Woody Island, Kadiak, on the shore faciug Chiniak Bay, these 

rocks were found.with the schistosity nearly vertical and in large part 
coinciding witb the bedding. The dip and strike are locally multifari­
ous, even in the extent of a few rods. The slate alternates with thilt 
sandy layers, and forms very thin leaves in many places, but all are 
faulted and remarkably broken up by numerous dikes of hard grayish 
diorite. The slates are also much fissured with small cracks, mostly-
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filled with calcite or quartz. The average strike is N. and S. 'maguctic, 
the dip 80°-850 E. 'The outcropping edges of the beds form successive 
parallel ridges, between which are long and narrow fresh-water lakes 
or marshes. The fossils were all found in a small area, less crushed 
than usual; on the westernmost margin. Above these tlle rocks were 
lighter-colored aud profusely slickensided. 'l'he thickest section shows 
about 200 feet of strata, wl1ich may not iuclude the whole series. The 
dioritic intrusions are usually transverse to the slaty beds. The upper 
surface is too broken and irregular to have retained any traces of gla· 
ciation or leveling. 'rhe fossils found were very few; one apparently a 
Posidonomya, the only bivalve; a singular organism like a flattened 
Dentalium, but probably a worm tube; and au alga which Professor 
Knowlton identifies with Eichwald's Chondrites Heeri, were the most 
conspicuous. It is not improbable that these slates are of Triassic 
age, but a final determination will require more prolonged study. 

A i)reliminary dismission of the material obtained at the above-men· 
tioned localities will be found in the appended report by Prof. Alpheus 
Hyatt. 

PALEOBOTANY. 

The following historical account of the paleobotanical literature of 
Alaska is quoted from Prof. F. H. Knowlton: t 

One of the ilrst accounts of fossil plants in Alaska is given by Dr. C. Grewingk2 
in his classical history of the northwest coast of America. This, however, is in 
the main a compilatiOn, but the sources from which he derived his information are 
obscure, aml I have not been able to find them. It is hardly probable that if found 
they would prove· of much value. He reports coniferous wood from the islands of 
Kadiak aud Unga and tho Alaskan Peninsula, and dicotyledons (Alnus) aud conifers 
(Taxodium) from Ohngatch (Cook Inlet) and Unalaska: He also mentions a fern 
from Unga which he supposed to have some resemblance to NeuTopteris acutifolia. 
It is probably the same as Osmnnda Doroschlciana of Giippert, as there is no ()arbonif-
erous known from Unga. · 

A year later Grewingk again referred 3 ·to fossil plants in Alaska, especially to f;he 
fossil trunks on Unga Island, but nothing beyond this appears to have been noticed. 

In 1861 Goppert reported. 4 upon n small collection of fossil plants obtained in 
August, 1859, by Lieutenant Doroshin 5 from the islands of Kadiak (lat. 57f0 ), 

Uyak 6 (lat. 57f0 ), Atka 7 (lat. 52°), and Kootznahoo 8 (lat. 57t0 ). The last of these, 

'Pruc. U.S. Nat. Mus., Vol. XVII, No. 998, pp. 207-240, 1894. 
'Beitrag zur Kennt. d. orographischen u. geognostischen Beschalfenheit <1. Nord-West·Kiiste 

.Amerikas mit den anliegenden Inseln: Verhand!. Russ. k. mineral. Gesell. zu St. Peterburg, 1848-49, 
St. Petersburg, 1850, pp. 41, 93, 97, 124. 

3 Heidlb. Jahrb. Lit., 1851, p. 235. 
•Ueber d. Tertiiirll. d. Polargegenden: .Abhandl. <1. sebles. Gesell. f. vaterland. Cult., 1861, Heft U, 

pp. 201-204. 
This paper is also published under the same title in Melanges physique et chiiniques tires <In 

Bulletin de I' .A.cad. Imp. des sc. de St.l'eterbourg, Tome IV, 1860-61, St. Pete.rsburg, 1861, PI'· 695-712. 
•This name is written Doroschkin by Goppert, but is an obvioua German rendering of tho Russian 

Doroshin. 
• This is probably from a bay of this name on the northwest coast of Kadiak, but as there are sev· 

eral unnamed islands in this hay it is possible t.hat it may be one of them. 

'This was written Atha by Goppert, lmt Atka is tho correct spelling. 
s Given as Hudsoni by GOppert, which is one of' the earlier of tlle many renderings of the word. 

Kootznahoo. 
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Kootzuahoo, is an inlet in Admiralty Island, near Sitka. It afforded two species of 
dicotyledous and a single conifer. Goppert enumerated 11 species from the com-· 
binedlocalities, a number of which were new, but did not give descriptions of them .. 

In 1866 this same collection was again referred to by Giippert, 1 but unfortunatoly 
the descriptions were not even then supplied, and conscq uently most of the names ~f 
new species remain nomina nuda. 

In December, 1867, Prof. Oswald Heer, of Zurich, wrote a letter relating to 
Alaskan plants to Prof. A. E. Nordenskiiild, in Stockholm, which was published in 
the following year.• It was an enumeration of the plants brought back by Furu­
hjelm, and may be considered as an outline of Beer's larger work, which appeared 
in 1869. The plants are arranged according to localities and most of the new species 
briefly characterized. 

In many respects the most important paper on the fossil plants of Alaska was 
Heer's Flora l<,ossilis Alaskana,' which was published in 1869. It was based, as stated 
above, upon collcctiomi bronght back by Hjalmar Furuhjelrn, of Belsingfors, Fin­
land, who, as governor of the Russian-American possessions, resided for nearly ten 
years in Alaska. He made, it appears, a very large collection, most of which was 
lost on the Mexican coast by t.he stranding of the ship in which they were being sent 
home. The specimens which finally reaehed Europe were obtained from the island 
of Kniu,•near Sitka, and from the eastside of Cook Inlet, apart coming from English 
Bay, better known as Port Graham (lat. 59° 21'; long. 151° 52'), ancl the rest from 
near a small stream known as the Nenilchik (lat; 60° 9'). The latter place is about 
50 miles nort,h of Port Graham. This paper enumerates 56 species, of which number 
19 were then new to science. 

In 1871 Eichw:1ld" made a reexaminatioil of the plants collected by Lieutenant v. 
Doroshin that had fust been studied, as above pointed out, by Goppert in 1861. Giip­
J1ert, it will· be remembered, did not give figures or descriptions of these plants in 
his paper. These were supplied by Eichwald, who also made use of Beer's Flora 
Fossilis Alaskana in working over the .collection. He enumerated 9 species, 3 of 
which were newly named, although they had been recognized by Giippert or Hecr. 
Eichwald also gave a list of the species reported from all parts of Alaska by Heer. 

In 1882 Lesquereux publishecl a paper entitled "Contributions to the Miocene 
flora of Alaska,"6 which wa,s based upon material brought back by Mr. William H. 
Dall, then of the United States Coast and Geo1letie Survey. The plants, which, 
accoruing to, Lesquereux, were finely preserved, came from Coal Harbor, Unga 
Island; Kacliemak Bay,r Cook Inlet, and Chignik Bay, Alaskan ·Peninsula (lat. 
56v0 ). It enumerated 21 species, Of which 7 were regarded as new to science. This 
paper was republished, but without the illustrations, in Lcsquereux's Cretaceous 
and Tertiary l<,loras, 1883, pp. 257--263. . 

In 1882 Dr. J. S. Newberry also described new species of fossil plants from Alaska 
in his paper entitled "Brief descriptions of fossil plants, chiefly Tertiary, from 
Western North America." 8 They were collected by Captain Howard, United States 
Revenue Marine, in Cook Inlet and Admiralty Inlet," and by the U.S. S. Saginaw, in 
the Kootznahoo ArchiJlClago (lat. 57° 35'; long. 1340 19'), the last on February 18,. 

1 .Abhandl. d. achles. Gesell. f. vaterHin<l. Cult. 1865-66; Breslan, 1867, p. 50. 
• Utdrag ur ctt bref af Prof. Oswald Hccr rovande fossila vextcr frau Norrlvestra .Amerika, insam· 

lade af Bergmastarcn Hj. l!'urubjelm. Ofversigt af Vetensaps-A.ka<l. Furbaudl. 1868. No. 1, pp. 
63-68. 

•Kongl. svensk. V"t.-.Akad. Haurll., Vol. VIII, No.4, 1869, pp. 1--41, Pl. I-X. 
• Writ tim Kuju by Heer. 
s Geognostisch-Palrnontologische Bemerkungen liber die Halbinsel Mangisclllak u. die aleutischen 

Iuseln, St. Petersburg, 1871, Jlj). 107-116, l'l. IV. 
•rroc. U.S. Nat. Mus., Vol. V, 1882 (1883),pp. 443--449,1'1. VI-X. 
'Often called Cbugachik Bay, an<l so written by Lesqnereux. 
8 Proc. U.S. Nat. Mns. Vol. V, 1882 (1883). pp. 502-514. 
• This is tJresuwauly an error for .Admiralty Island, there being no inlet of this name in .Alaska. · 
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1869. The figures illustrating these plants were prepared and the plates have been 
engraved and printed since 1871, but have not yet been formally issued. They were 
designed to form the illustrations of a monogTaph of the Hayden Geological Survey, 
for which the text was never supplied. A posthumous work, which will embrace 
them, is being prepared by Dr. Newberry's su.cccssor, Dr. Arthur Hollick, of Columbia 
College. 

In 1887 Lesquereux published a paper entitlcu "List of recently identified fossil 
plants belonging to the United States National .Museum, with descriptions of several 
new SJJCCies." 1 This compriseu a large amount of material that had been accumu­
lating in the department of fossil plantH since the founding ofthe Smithsonian Insti­
tution. Among them were a few specres recorded as having been colleGted in t.he 
vicinity of Sitka, by 1~. vV. Nelson, 2 and at Cape Lisburne, by H. D. Woolfe. The 
specimens from the latter place appear to have been a: part of the collection that was 
described from the same locality in the following year, they having been acciden­
tally separated: 

In 1888, as stateu above, Lesquereux published" an enumeration of l>lants obtained 
at Cape Lisburne by H. D. Woolfe. This collection included 10 species, of which 
number only one was reg-arded as new to science. 

The last paper dealing with pre-glacial fossils is one by Felix,• in which he 
describes two species of silicified wood, tlw one obtaine(l by Dr. Kra.use, of Berlin, 
on a basalt mountain so nth of Dana:ika 0 and the other from Copper Island, 6 a small 
island in the southwestern part of the Bering Sea. · 

Mr. F. H. Herrick is the only one, so f1tr as I now know, who has identified any of 
the interglacial wood. His pa]Jer, ".Microscopieal examination of wood from the 
buried forest, Muir Inlet, Alaska," is publishe(l as Supplement IU to Harry Fielding 
Reid's paper, "Studies of'Muir Glacier, Alaska."7 .Mr. Herrick identified the wood 
submitted to him with the t.ide-land spruce (Picca SitchenBiB, Carr.) now living 
about the glacier. 

A number of pieces of wood from the )Juried forest, Muir Glacier, obtainerl in 
1892 by Mr. Reid, were suhmitted to me for examination. The report 011 them will 
be published also as an appendix to .Mr. Reid's paper, soon to appear in the National 
Geographic Magazine. The species observer! a.re recorded in their prop~r system­
atic position in the present paper. 

The latest work dealing with fosail flora of Ala.skit, anu this only incidentally, is 
the United States Geological StuYey correlation l>aper on the Neocene, by vV. H. 
Dall and G. D. Harris." 

In this work, accepting Heer's determination of the age of tl1e forma. 
tion, though pointing out that it was doubtful, the geology of\these 
beds was considered under t,he head of'' Miocene of the Kenai group," 
by me. This summary of what was then known of these beds was 
augmented by numerous unpublished notes made during my various 
journeys in Alaska from 1865 to 1880, with a discussion of the age of 
the formation and its geographical distribution, illustrated by a map 

IProc. U.S. Nat. Mus., Vol. X, 1887, pp. 21-46, Pl. I-IY. 
•r am informed by Mr. ·Nelson that he never visited Sitka and <lid not bring back any fossil plants 

from Alaska. This throws doubt on the specimens so recorded alHl their locality, aml the collector 
remains unknown. I have retained them, however, as recorded hy I .. esquereux. 

'Proc. U.S. Nat. Mus., Vol. XI, 1888, pp. 31-33, Pl. XVI, figs. 1-6; X, fig. 4. 
• Zeitschr. d. D. geot. Gesell., Vol. XXXVIII, 1886, pp. 483-485. 
'Fifty miles north of the head of Lynn Canal, in southwestern Alaska. 
• 'l'his is really extra·limital, but has been included as being more nearly related to the Alaskan 

province than to any other. 
7 Natinnal Geographic Magnzine, Vol. IV, 1893, pp. 75·~78, figs. 4, 5. 
•Bull. U. S. Geol. Survey No. Si, Washington, 1892, 8°, 349 pp., 3 maps; cf. pp. 234-~52, and map. 
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of Alaska on which the localitie8 and, when practicable, the areas were 
indicated. 

Besides this publication and the review of the fossil flora of Alaska 
by Professor Knowltou, alread.y quoted, additional ligllt has been 
thrown on the Alaskan group by Sir ·william Dawson in his discus­
sions of the palP-obotany of the British Columbian region.1 It will be 
found discussed elsewhere under the head of the Kenai group. 

Refereuces to Mesozoie beds on the Yukon and its tributaries, ne,ar 
the boundary, are made by Dr. <teo. M. Dawson2 and McConnell.:1 

The pn,senee oJ Ancella iH noted, and oecasional leaf or lignite beds 
are briefly mentioned. Sinee explorations by the U.S. Geological Snr­
vey in this region are planned for 1896, I content myself with referring 
to these discoveries. 
- --·------- ----- ------

I On fossil plants from the Similkameen Valley and other places in the southern interior or British 
Columbia: Trans. Royal Soc. Canada, Vol. V Ill, 18UO, pp. 75-91. Also10n collections of Tertiary]Jlants 
from the vicinity of the city Vancou,ct, British Columbia: Trans. Royal Soc. Canada, 2d ser., Vol. I, 
1895, pp. 137-161, Pl. IV -VITI. Also. Dom. Geol. Sllrvey, Report for 1877-78, p.l86B. · 

•Dom. Geol. Sun·ey. Report for 1887-SR, pp. 36TI, 5613, 1268, 146B, 149B, 159B. 
•Dom. Geol. Survey, Report for 1888-89, pp, 21D-22D. 



APPENDIX I. 

REPORT ON THE FOSSIL PLANTS COLLECTED IN ALASKA IN 1895 
AS WELL AS AN ENUMERATION OF THOSE PREVIOUSLY KNOWN 
~'ROM THE SAME REGION, WITH A TABLE SHOWING THEIR 
RELATIVE DISTRIBUTION. 

BY F. H. KNOWLTON. 

INTRODUCTION. 

This report takes the form of a list of the fossil plants knownfrom 
Alaska, with an enumeration of the localities from which they have 
been collected and a table illustrating their distribution. Most of the 
plants are derived from beds of the Kenai formation and are supposed 
to be of Eocene or Oligocene age, formerly included under the Miocene. 
More thorough and fuller local collections aml more careful discrimina­
tion of the several horizons and their respective floras may show that 
additi.onal differentiation, geologically, is possible. The list and table 
are brought to date from my previous publication on the same subject.1 

SYSTE~IA'I'lC ENU~:lERATION 0.1!' SPECIES. 

ALGJE. 

CHONDRITES FILICIFORMIS Lesquerenx. 

LESQU~1REUX, Proc. U.S. Nat. Mus., .Vol. XI, 1888, p. 32, Pl. XVI, fig. 1.• 

Cape Lisburne; II. D. Woolfe. 

CHONDRITES HEERI Eichwald. 

EICHWALD, Geognost.-Paleontolog. Bemerk. i.i. Haluinsel Mangischlak und Alcu­
tischen lnseln, St. Petersu. 1871, p. 111, Pl. IV, fig. 1. 

ChondriteB sp. IIEEH, Fl. Foss. Alask., p. 21, Pl. X, fig. 5. 

Kachemak- Bay; H. Furuhjelm. Woody Island, Kadiak, in the 
crushed and metamorphosed hard (Triassid) slates of this locality; 
Wm. Iii. Dall, 1895. 

I"Review of the fossil fiora of .Alaska, with descriptions t)f new Hpecics: Proc. U. S. Nat. Mus., Vol. 
XVU, No. 998, 1894, pp. 207-240. 

2 'l'he bibliographical citations refer exclusively to the occurrence of the various species i~ Alaska, 
and are not to be regardeu as indicating tb.e full synonymy. 
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EQUISETACE.lE. 

EQUISETUM GLOBULOSUM Lesqnereux. 

LESQtJEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 444; Cret. and Tert. 
Fl., p. 222, Pl. XLVIII, fig. 3. 

This species was obtained at Unga Island by Wm. H. Dall. It was 
also obtained in the Bad J~ands of Dakota, from which specimens the 
above-mentioned figure was made. 

CALAMITES AMBIGUUS Eichwald. 

EICHWALD, Geognost.-Paleontolog. Bemerk. U. Halbinsel Mangischlak nnd Aleu­
tischen Inseln, St. Petersb., 1871, p. 114, Pl. IV, fig. 9. 

Northeastern coast of Alaska peninsula north of Cape Yakli:ik south 
point of entrance to Cold Bay, and south of a small stream of that 
name; Richwald. 

This is a small fragment only 2 inches long and 1 inch wide, showing 
12 longitudinal ribs. It appears to prove, if it is really a calamite, the 
presence of true Carboniferous strata in Alaska, but it is so very frag­
mentary that I can not but look upon it with question. The rocks in 
this vicinity are Mesozoic so far as. known. Gi:ippert, who first recog­
nized its nature, also claimed to have observed leaves of Sigillaria, but 
this, too, requires confirmation. 

BILICES. 

PECOPTERIS DEN'l'ICULATA Heer. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 32. 

Cape Lisburne; H. D. Woolfe. 

PTERIS SITKENSIS Heer. · 

HElm,· Fl. l<~oss. Alask., p. 21, Pl. I, fig. 7a; EICHWALD, Geognost.-Paleontolog. 
Bemerk. ii. Halbinsel Mangischlak, und aleutischen Iuseln, St. Petersb., 
1871, p. 112. 

Island of Kuiu, near Sitka; H. Furuhjelm. 

OSMUNDA DOROSCHKIANA, Giippert. 

Gi.iPPER'I', Abhandl. d. schles. Gesell. f. VaterEind.- Cult., 1861, Pt. II, p. 203; 
EICHWALD, Geognost.-Paleoutolog., Bernerk. U. Halbinsel Mangischlak und 
alentischen Inseln, p. 112, Pl. IV, figs. 2, 3. 

Os1nunda Torelli, HEEl:, LBSQUERtJUX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), 
p. 444, Pl. VI, figs. 3-6. 

Unga Island; Lieutenant Doroshin. Coal Harbor, Unga Island; 
Wm. H. Dall. 

ASPIDIUM OERSTED! Heer. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 32. 

Cape J;isburne; H. D. vVoolfe. 
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ASPLENIUM FOERSTER! Debey and Ettinghausen. 

LESQUF.Imux, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 32 . 

. Cape Lisburne; H. D. Woolfe. 

ASPLENIUM DICKSONIANUM Heer. 

LESQUEHEUX, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 32. 

Cape Lisburne; H. D. vVoolfe. 

OONIFER.LE. 

PINUS STARA'l'SCHINI, Heer. 

LESQU~:HEUX, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 32. 

Cape Lisburne; H. D. Woolfe. 

PINUS species. 

H~<:~m, Fl. Foss. Alask., p. 2:3, Pl. I, fig. 11. 

Port Graham; H. Furuhjelm. 

SEQUOIA LANGSDORFII (Brongniart) Heer. 

HEER, Fl. Foss. Alask., p. 23, Pl. I, fig. 10. 

Port Graham and Nenilchik; H. Furuhjelm. Herendeen Bay; C. H. 
Townsend. Cape Douglas ash beds, and Chignik Bay 1pine, Wm. H. 
Dall, U. S. Geol. Survey, 1895. 

Sl<CQUOIA SPINOSA Newberry. 

NEWBERRY, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 504; Plates, Pl. Lill. 
figs. 4, 5, ined. 

Coo}f. Inlet; Capt. Howard, United States Revenue Marine. 

TAXODIUM DISTICHUM MIOCENUM Heer. 

HEER, Fl. l!'oss. Alask., p. 21, Pl. I,fig.6; III, fig.llc; IV, fig.5j.c. 

Port Graham and Nenilchik; H. Furuhjelm. Near Sitka; 'Lieutenant 
Doroshin. Herendeen Bay; C. H. Townsend. Sepphagen mine ·and 
De Groff tunnel, Kootznahoo Inlet, Admiralty Island; United States 
Geological Survey, 1895. 

TAXODIUM TINA.JORUM Hcer. 

HEER1 Fl. Foss. Alask., p. 22, Pl. I, figt~. 1-5. 

Port Graham; H. Furuhjelm. 

TAXODIUM TINAJORUM Hecr; var. 

EICHWALD, Geognost.-Paleontolog. Bemcrk. ii. Halbinsel Mangischlak und aleu­
tischen Inseln, St. Petersburg, 1871, p. 116, Pl. IV, fig. 4. 

Port Graham (English Bay) and N enilchik; Lieut. Doroshin. 
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GLYPTOSTROBUS EUROPLEUS (Brongniart) Beet-. 

BEER, Fl. Foss. Alask., p. 22, Pl. I, fig. 7 b·f; III, figs. 10, 11. 

Kuiu Island, near Sitka; Lieutenant Doroshin. Nenilchik; H. 
Furubjelm. Herendeen Bay; C. H. Townsend. De Groff tumiel, Admi­
ralty Island, Kootznahoo lagoon; United States Geological Survey, 
1895. 

TAXITES OLRIKI Beer. 

liEER, Fl. Foss. Alask., fl. 23, Pl. I, fig. 8; 11, 5b. 

Port Graham; H. Fnrnbjelm. 

THUITES (CHAMJECYPAlUS) ALASKENS~S Lesqnerenx. 

LESQilEREUX, Proc. U.S. Nat. Mns., Vol. V, 1882 (1883), p. 445, Pl. VI, figs. 7-9. 

Coal Harbor, Unga Island; Wm. H. Dall. 

GINKGO MULTINERVIS Heer. 

LESQCERIWX, Proc. U. S. Nat. Mns., Vol. XI, 1888, p. 31, Pl. XVI, fig. 6. 

Cape Lisburne; H. D. Woolfe. 

GINKGO ADIANTOIDES (Unger) Beer. 

LESQL:ERIWX, Proc. U. S. Nat. Mus., Vol. X, 1887, p. 35. 

Sitka ( ?). 
A single small doubtful fragment from Herendeen Bay; C. H. Town­

send. 
BAIERA PALMATA Heer. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. XI, 1888, p. 31, Pl. XVI, figs. 4, 5. 

Cape Lisburne; H. D. W oolfe. 

PICEA SITCHENSIS Carr. 

HERRICK, National Geogr. Mag., Vol. IV, 1892, pp. 75-78, figs. 4, 5.-KNOWLTON 
Notes on tho Examination of a Collection· of Interglacial \Vood from Muir, 
Glacier, Alaska: Jour. of Geology, Vol. III, 1895, pp. 529-530. 

Muir Glacier; H. F. Heid. 

TSUGA MERTENSIANA Carr. 

KNOWLTON, Notes on the Examination of a Collection of Interglacial Wood from 
Muir Glacier, AlHjska: .Jour, of Geology, VoL III, 1895, p. 531. 

Muir Glamer; H. F.. Reid. 

CUPRESSINOXYLON ERRATICUM Mercklin. 

FELix, Zeitschr. d. D. geol. Gesell., Vol. XXXVIII, 1886, p. 484. 

Copper Island, southwestern part of Bering Sea; Dr. A. Krause. 

PINITES PANNONICUS (Unger) Goppert. 

GOPPERT, Abhandl. d. schles. Gesell. 1861, p. 203.-HEER, Fl. Foss. Alask., p. 23. 

Southwestern end of Unga Island; Lieutenant Doroshin. 
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PITYOXYLON IN.,EQUALE Felix. 

FELIX, Zeitschr. d. D. geol. Gesell, Vol. XXXVIII, 1886, p. 483, Pl. XII, fig. 3. 

Basalt Mountain, south of Dana:1kn; Dr. A. Krause. 

OYCADAOE.M. 

ZAMITES ALASKANA Lesqucreux. 

LESQUEREUX, Proc. U. S. Nat. Mns., Vol. XI, 1888, p. 32, Pl. X, fig. 10. 

Cape Lisburne; H. D. Woolfe. 

PODOZAMI'fES LATIPENNIS Heer. 

LESQUEREUX, Proc. U~ S. Nat. Mus., Vol. XI, 1888, p. 31, Pl. XVI, figs. 2, 3. 

Cape Lisburne; H. D. vVoolfe. 

G RAJ\'IINEJE. 

PHRAGMIT.ES ALASKANA Heer. 

HEER, ~·1. Foss. Alask., p. 24, Pl. I, fig. 12. 

Port Graham; H. Furnhjelm. 

POACITES TENUE-STRIATUS Heer. 

HEER, Fl. Foss. Alask., p. 24, Pl. I, fig. 14 j EICHWALD, Geognost.-Paleontolog. 
Bemerk. ii. Ilalbinsel Mangiscltlak und aleutischeu Inselu, St. Petersburg, 
1871, p. 114, Pl. IV, iig. 7. 

Port Graham; H. Fnruhjelm. HPrendccn Bay; 0. H. Townsend. 

OY PERAOEJE. 

CAREX SERVATA Heer. 

HEER, Fl. Foss. Alask., p. 24, Pl. I, figs. 13, 13 c. d. 

Port Graham; H. F.urnhjelm. Herendeen Bay; 0. H. Townsend. 

CAREX, Leaves of. 

LESQUEREOX, Proc. U. S. Nat. Mus., Vol. X, 1887, p. 3!l. 

Sitka(¥). 
It is possible that this may be the 0. servata of Beer, but as it is 

neither figured nor described I have retained it as probably separate. 

ALISMAOEJE. 

SAGITTARIA PULCHELLA Ileer. 

HEER, Fl. Foss. Alask., p. 25, Pl. I, fig. 15. 

Nenilchik; H. Furuhjelm. 

SAGITTARIA, species. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. X. 1887, p. 37. 

Sitka ( ?). 
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IRIDACElE. 

IRITES ALASKANA Lesquereux. 

LESQUEREUx, Proc. U. S. Nat. Mus., Vol. X, 1887, j), 36. · 

Cape Lisburne; H. D. Woolfe. 

SALlCACEA!l. 

POPULUS LATIOR Al. Braun. 

HEER, Fl. Foss. Alask., p. 25, Pl. II, fig. 4. 

Port Graham; H. Furuhjelm. 

POPULUS GLANDULIFERA Al. Braun. 

HEER, Fl. Foss. Alask., p. 26, Pl. II, figs. 1, 2. 

Port Graham; H. Furubjelm. 

POPULUS BALSAMOIDES .Goppert. 

REER, Fl. Foss. Alask., p. 26, Pl. II, fig. 3. 
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Populus exirnia, GoPPERT, Tert. fl. v. Schossnitz, p. 23; Abhandl. schles. Gesell., 
1861, p. 203. 

Port Graham; H. Furuhjelm. Kutznahoo, near Sitka; Lieutenant 
Doroshin. 

POPULUS ZADDACHI Heer. 

HEER, Fl. Foss. Alask., p. 26, Pl. II, fig. 5a. 

Port Grahaii~:; H. Furuhjelm. 

POPULUS LEUCOPHYLLA Unger. 

HEER, Fl. Foss. Alask., p. 26, Pl. II, fig. 6. 
Populus acerifolia, NEWBY., Later extinct floras of North America, p. 65. 

Beported by Heer, but no locality given for Alaska. 

POPULUS ARCTICA Heer: 

I~ESQUEREux, Proc. U.S. Nat. Mus. Vol. V, 1882 (1883), p. 447, Pl. IX, fig. 2. 

Chignik Bay; Wm. H. Dall. De Groff tm:inel, Ko<•tznahoo lagoon, 
Admiralty Island; United States Geological Survey, 1895. 

POPULUS RICHARDSON! Heer. 

Ll<~SQUEREUX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 441, Pl. IX, fig. 1. 

Chignik Bay; Wm. H. Dall. De Grpff tunnel, Kootznahoo lagoon, 
Admiralty Island; United States Geological Survey, 1895. 

SALIX Y ARIANS Gilppert. 

REER, Fl. Foss. Alask., p. 27, Pl. II, fig. 8; III, figs. 1-3. 
Salix Wintrneriana, GoPPERT, Tert. fl. v. Scblossnitz, p. 26; Abhandl. schles. 

Gesell., 1861, p. 205. 

Port Graham and Nenilchik; H. Furuhjelm. 
17 GEOL, P'l' 1--iJti 
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SALIX MACROPHYLLA Heer. 

HEER, Fl. Foss. Alask., p. 27, Pl. II, fig. 9 . ...:...EICBWALD1 Geognost.-Paleontolog. 
Bemerk. ii. Halbinsel Mangischlak und aleutischen Inseln, St. Petersb., 
1871, p. 113, Pl. IV, fig. 5. 

Port Graham; H. Furuhjelm. 

SALIX LA VATERI Heer. 

HEER, Fl. Foss. Alask., p. 27, Pl. II, fig. 10. 

Port Graham; H. Furuhjelm. 

SALIX R..:EANA Heer. 

LESQUEREUX, Proc U.S. Nat. Mus., Vol. V, 1882 (1883), p. 447, Pl. VIII, fig. 6. 

Kachemak Bay, Cook Iniet; Wm. H. Dall. 

SALIX INTEGRA Goppert. 

GoPPERT, Abhandl. schles. Gesell., 1861, p. 202; op. cit., 1867, p. 50. 

Nenilchik; Lieutenant Doroshin. 

SALIX MTNUTA Knowlton. 

KNOWLTON, Proc. U. S. Nat. Mus. for 1894, p. 218, Pl. IX, fig. 1. 

The leaf is found associated on the same piece of matrix as speci­
mens of Taxodium distichum miocenum, Pal-iurus Oolombi, and Zizyphus 
Townsendi. 

Salix minuta was obtained at Herendeen Bay, by Mr. Charles H. 
Townsend, of the United States Fish Commission steamer Albatross. 
Type, No. 3761 U.S. Nat. Mus. 

CUPULIFER.LE. 

FAGU~ ANTIPOFII Heer. 

IIEER, Fl. Foss. Alask., p. 30, Pl. V, fig. 4a; VII, figs. 4-8; VIII, fig. 1. 

Port Graham; H. Furuhjelm. Kootznahoo lagoon, Admiralty Island; 
United States Geological Survey, 1895. 

Five forms may be distinguished according to Heer, embraeing F. 
lancifolia, Beer ,I F. pristina, Sap.,2 and F. emarginata, Heer. 

FAGUS MACROPHYLLA Unger. 

HEER1 Fl. Foss. Alask., p. 31, Pl. VIII, fig. 2. 

Port Graham; H. Furuhjelm. 

FAGUS FERONl..!E Unger. 

HEER, ~·1. Foss. Alask., p. 31, Pl. VI, fig. 9. 

Port Graham; H. Furuhjelm. 

I Hoer: Ofversigt af Kongi. Vetenskaps Akad. Fiirhandl. 1868, p. 64. 
•Saporta: Flore de Manosque; Ann. d. Soi. Nat., 1867, p. 69, Pl. VI, figs. 1-3. 
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FAGUS DEUCALIONIS Unger. 

LESQUEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 447. 

Kachemak Bay, Cook Inlet; Wm. H. Dall. 

CASTANEA UNGER! Heer. 

HEER, Fl. Foss. Alask., 1'· 32, Pl. VII, figs. 1-3. 

Port Graham; H. Furuhjelm; Kuiu Island, Sitkan Archipelago. 

QUERCUS PSEUDOCASTANEA Goppert. 

IlEER, Fl. Foss. Alask., p. 32, Pl. VI, figs .. 3-5. 

Port Graham; H. Furuhjelm. 

QUERCUS FURUHJELMI Heer. 

IlEER, Fl. Foss. Alask., p. 32, Pl. V, fig. 10; VI, figs. 1, 2. 

Port Graham; H. Fnruhjelm. 

QUERCUS PANDURATA Heer. 

HEEH, Fl. Foss. Alask., p. 33, Pl. VI, fig. 6. 

Port Graham; H. Furuhjelm. 

QUERCUS CHAMISSONIS Heer. 

HEER, Pl. Poss. Alask., p. 33, Pl. VI, figs. 7, 8. 

Port Graham; H. :Furuhjelm. 

QUERCUS DALLII Lesquereux. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 446, Pl. VIII, figs .. 
2-5; Cret. and Tcrt. Fl., p. 259. 

Kachemak Bay, Cook Inlet; W. H. Dall. 

CORYLUS MACQUARRII, (Forbes) Heer. 

Plate IX, fig. 4. 

HEER, Fl. Foss. Alask., p. 29, Pl. III, fig. 9, IV, figs. 1-5, 8.-EICHWALD, Geog­
uost.-Paleontolog. Bemerk. ii. Ilalbinsel Mangischlak .und Aleutischen 
Inseln, St. Petersburg, 1871, p. 113, Pl. IV, fig. 6. 

Port Graham and Nenilchik; H. Furnhjelm. Kuiu Island; Lieut. 
Doroshin. Unga Island; Wm. H. Dall. Herendeen Bay; C. H. 
Townsend. 

CORYLUS MACQUARRII var. MACROPHYLLA Heer. 

HEER, Fl. Foss. Alask., J). 30, Pl. IV, figs. 6, 7. 

Port Graham; H. Furuhjelm. 
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CARPINUS GHANDIS Unger. 

HEER, Fl. Foss. Alask., p. 29, Pl. II, fig. 12.-LESQUEREUX, Proc. U.S. Nat. Mus., 
Vol. V, 1882 (1883), p. 446. 

Kachemak Bay, Cook Inlet; Wm. H. Dall. Port Graham; H. I<'uru­
hjelm. Kootznahoo lagoon, Admiralty Island; United States Geolog­
ical Survey, 1895. 

ALNUS KEFERSTEINII (Gi:ippert) Unger. 

HEER, Fl. Foss. Alask., p. 28, Pl. III, figs. 7, 8. 

N enilchik; H. FuruhJelm. 

ALNUS KEFERSTEINII (Gi:ippert) var. 

HEER, Fl. Foss. Alask., p. 28, Pl V, fig. 9. 

Port Graham ( 1); H. Furubjelm. 

ALNUS ALASKANA Newberry. 

NEWBERRY, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883)', p. 509; Pl. XLVIII, 
fig. 8. 

Kootznahoo Archipelago, latitude 57° 35', longitude 1340 19'; U.S. S. 
Sag·inaw, February 18, 1869. Sent by Captain Meade. 

ALNUS GRANDIFOLIA Newberry. 

NEWBERRY, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 509. 

Port Graham, Cook Inlet; Captain Howard, United States Revenue 
Marine. 

ALNUS CORYLIFOLIA, Lesquereux. 

LESQUEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 446, Pl. VII, figs.l-4; 
Cret. and Tert. Fl., p. 258. 

Kachemak Bay, Cook Inlet; Wm. H. Dall. 

ALNUS RUBRA Bongard. 

A branch of this species was found protruding from a gravel bank 
beneath au ice sheet 70 feet in thickness, on the eastern moraine of the 
Muir Glacier by Miss E. R. Scidmore. 

BETULA PRISCA Ettingshausen. 

HEER, Fl. Foss. Alask., p. 28, Pl. V, figs. 3-6. 

Port Graham and N enilchik; H. Furuhjelm. 

BETULA GRANDIFOLIA Ettingshausen. 

IIEER, Fl. Foss. Alask., p. 29, Pl. V, fig. 8. 

Port Graham; II. Furubjelm. 
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BETULA ALASKANA Lesquereux. 

LEQUEREUX, · Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 446, Pl. VI, fig. 14; 
Cret. and Tert. Fl., p. 258. 

Chignik Bay, Alaska Peninsula; Wril. H. Dall. 

MYRIOAOEAJ. 

MYRICA BANKSIJEFOLIA Unger. 

BEER, Fl. Foss. Alask., p. 28, Pl. II, fig. 11. 

Port Graham; H. Furuhjelm. 

MYRICA (COMPTONIA) CUSPIDATA (Lesquereux) Dawson. 

Cmnptonia cuspidata, LESQUEREUX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), 
p. 445, Pl. VI, figs. 10-12; Cret. and 'l'ert. Fl., p. 258. 

Myrica (Comptonia) cnspidata, LESQUEREUX DAWSON, 'frans. Roy. Soc. Canada, -
1890, p. 80, fig. 9. 

Coal Harbor, Unga Island; Wm. H. Dall. 

MYRICA (COMPTONIA) PRJEMISSA (Lesquereux) Knowlton. 

Comptonia prwmis~a, LESQUEREux, Proc. U.S. Nat. Mus., Vol. V, 1882, p. 445, 
Pl. VI, fig. 13. . 

Coal Harbor, Unga Island; Wm. H. Dall. 

MYRICA VINDOBONENSIS (Ettingshausen) Beer. 

BEER, Fl. Foss. Alask., p. 27, Pl. III, figs. 4, 5. 

N enilchik; H. Furuhjelm. 

JUG L.A.NDAOE.LE. 

JUGLANS ACUMINATA, Al. Braun. 

BEER, Fl. Foss. Alask., p. 38, Pl. IX, fig. 1. 

Port Graham; H. Furubjelm . 

.JUGLANS NIGELLA Heer. 

BEER, Pl. Foss. Alask., p. 38, Pl. IX, fig~. 2-4 .. 

Port Graham; H. Furubjelm. Kootznaboo lagoon, Admiralty Island; 
United States Geological Survey, 1895 . 

.JUGLANS · PICIWIDES Beer. 

BEER, Fl. l<'oss. Alask., p. 39, Pl. IX, fig. 5. 

Port Graham; H. Furubjelm. 

JUGLANS WOODIANA Beer. 

· LESQUEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 449. 

Chignik Bay; Wm. H. Dall. 
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JUGLANS TOWNSEND! Knowlton. 

KNOWLTON, Proc. U. S. Nat. Mus. for 189~, p. 222, Pl. IX, fig. 5. 

Herendeen Bay; C. H. Townsend .. 

URTIUACE.lE. 

FICUS ALASKANA Newberry. 

NEWBERRY, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 512; Pl. LII, fig. 1; 
LV, figs. 1, 2. 

Port Graham, Cook Inlet, and Admiralty Island; Captain Howard, 
United States Revenue Marine. · 

De Groff tunnel, Kootznahoo lagoon, Admiralty Island; United 
States Geological Survey, 1895. 

FICUS MEMBRANACEA Newberry. 

NEWB)l]RRY, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 512; Pl. LIX, fig. 2. 

Port Graham, Cook Inlet; Captain Howard, United States Revenue 
Marine. 

PLANERA UNGER! E~tingshausen. 

H~]gR, Fl. Foss. Alask., p. 34, Pl. V, fig. 2. 

Port Graham; H. Furuhjelm. 

ULMUS PLURINERVA Unger. 

HEER, Fl. Foss. Alask., p. 34, Pl. V, fig. 1. 

Port Graham; H. Furuhjelm. 

ULMUS SORBIFOLIA Goppert. 

LESQUEREUX, Proc. U.S.Nat.Mus., Vol. V,1882 (1883),p.447,Pl.IX,fig.3; Cret. 
and Tert. Fl., p. 260. 

Kachemak Bay, Cook Inlet; Wm. H. Dall. 

EBENACElE. 

DIOSPYROS STENOSEP ALA Heer. 

HEER, Fl. Foss. Alask., p. 35, Pl. VIII, figs. 7, 8. 

Nenilchik; H. Furuhjelm. 

DIOSPYROS ALASKANA Schimper. 

Diospyros Alaskana, ScHniPER, Traite d. Pal. Veg., Vol. II, p. 945. 
Diospyros lancifolia, LgSQUEREUX in Heer, Fl. Foss. Alask., p. 35, Pl. III, fig.12. 

N enilchik; H. Furnhjelm. 
The name given this species by Lesquereux is preoccupied by a 

living species. It bas consequently been changed by Schimper to D~ 
Alas kana. 
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DIOSPYROS ANCEPS Heer. 

LEXQUEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 448, Pl. X, figs. 1, 2; 
Cret. and Tert. Fl., p. 261. 

Kachemak Bay, Cook lnlet; Wm. H. Dall. Kootznahoo lagoon, 
Admiralty Island; United States Geological Survey, 1895. 

OLBACEJE. 

FRAXINUS HERENDEENENSIS Knowlton. 

KNOWLTON, Proc. U. S. Nat. Mus. for 1894, p. 224, Pl. IX, fig. 7. 

Herendeen Bay; C. H. Townsend. 

ERICACEJE. 

ANDROMEDA GRAYANA Heer. 

HEER, Fl. Foss. Alask.~ p. 34, Pl. VIII, fig. 5. 

Port Graham; B. Furuhjelm. Kachemak Bay, 2 miles south of 
Eastland Canyon; United States Geological Survey, 1895. 

V ACCINIUM FRIESII Heer. 

HEER, 1<'1. Foss. Alask., p. 35, Pl. VIII, fig. 4. 

Port Graham; H. Furuhjelm. 

VACCINIUM RETICULATUM Al. Braun. 

LESQUEREUX, Proc. U. 8. Nat. Mus., Vol. V, 1882 (1883), p. 448, Pl. X, figs. 3-5; 
Cret. and Tert. Fl., p. 261. 

Kachemak Bay, Cook Inlet; Wm. B. Dall. 

CAPRIFOLIACEJE. 

VIBURNUM NORDENSKIOLDI Heer. 

HEER, Fl. Foss. Alask., p. 36, Pl. III, fig. 13. 

Nenilchik; H. Furubjelm. 

CORNACEJE. 

NYSSA ARCTICA ~ Heer. 

LESQUEREUX, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 447; Cret. and Tert. 
Fl., p. 261. 

U nga Island; W m. H. Dall. 

CORNUS ORBIFERA Heer. 

LESQUEREux, Proc. U. S. Nat. Mus., Vol. V, 1883 (1883), p. 448, Pl. X, fig. 6; 
Cret. and Tert. Fl., p. 262. 

Kacbemak Bay, Cook Inlet; Wm. H. Dall. 
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AR.ALlACEJE. 

HEDERA AURICULATA Heer. 

HEER, Fl. Foss. Alask., p. 36, Pl. IX, fig. 6. 

Port Graham; H. Furuhjelm. 

ON.AGR.ACElE. 

TRAP A BOREALIS Heer. 

HEER, Fl. Foss. Alask., p. 38, Pl. VIII, figs. 9-14. 

Port Graham: H. Furuhjelm. 

HAMAMELIDACElE. 

LIQUIDAMBAR EUROPJEUM AI. Braun. 

HEER, :Fl. Foss. Alask., p. 25, Pl. II, fig. 7. 

Port Graham; H. Furuhjclm. 

ROSACEA!J. 

SPIRJEA ANDERSON! Heer. 

HEER, Fl. Foss. Alask., p. 39, Pl. VIII, fig. 3. 

Port Graham; H. Furuhjelm. 

PRUNUS VARIABILIS Newberry. 

NEWBERRY, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 509, Pl. LII, figs. 3--5. 

Port Graham, Cook Inlet; Captain Howard, UnitP.d States Revenue 
Marine. 

SAPIND.ACEJE. 

ACER MACROPTERUM Heer. 

HEER, Fl. Foss. Al~sk., p. 37, Pl. IX, figs. 7-9. 

Port Graham; H: Furuhjelm. 

ACER TRILOBATUM PRODUC'l'UM (Al. Braun) Heer. 

Herendeen Bay; C. H. Townsend. 

ANAC.ARDI.ACEJE. 

RHUS FRIGIDA Knowlton. 

KNOWLTON, Proc. U.S. Nat. Mus. for 1894, p. 227, Pl. IX, fig. 6. 

Herendeen Bay; C. H. Townsend. 
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VITACE1E. 

VITIS CRENATA Heer. 

HK1m, Fl. Foss. Alask., p .36, Pl. VIII, fig. 6. 

Port Graba.m; H. Furubjelm. De Groff tunnel, Kootznaboo lagoon, 
Admiralty Island; United States Geological Survey, 11:195. 

VI'fiS ROTUNDIFOLIA Newberry. 

NEWBERRY, Proc. U.S. Nat. Mus., Vol. V, 1882 (1883), p. 513; Pl. Ll, fig. 2; Lll, 
fig. 3. 

Kootznaboo Inlet, Admirality Island; Captain Howard, United States 
Reve1me Marine. 

CEI~ASTHACE1E. 

EL.LEODENDRON HELVETICUM Heer. 

LESQUEUIWX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 449, Pl. IX, fig. 4; 
Cret. aud Tert. Fl., p. 263. 

Coal Harbor, Unga Islaml; Wm. H. Dall. 

CELASTRUS BOREALIS Heer. 

HElm, Fl. Foss. Alask., p. 37, Pl. X, fig. 4. 

Port Graham; H. :Furuhjelrn. 

ILICINE1E. 

ILEX INSIGNIS Heer. 

HEER, Fl. Foss. Alask., p. 37, Pl. X, fig. 1. 

Port Graham; H. Furuhjelm. 

RIIAMNACE1E. 

ZlZYPHUS TOWNSEND! Knowlton. 

KNOWLTON, Proc. U.S. Nat. Mns. for 1894, p. 229, Pl. IX, figs. 8, 9. 

Herendeen Bay; C. H. 'rownsend. 

PALIURUS COLOMB! Hecr. 

KNOWI~TON, Proc. U. S. Nat. Mus. for 1894, p. 230, Pl. IX, fig. 2. 

Herendeen Bay; C. H. Townsend. 

'riLIACE1E. 

TILIA ALASKANA Heer. 

HF.En, Fl. Foss. Alnsk., p. 36, Pl. X, figs. 2, 3. 

Fort Graham; H. Furuhjelm. 
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MAGNOLIACE.M. 

MAGNOLIA NORDENSKIOLDI Hecr. 

LESQUEREUX, Proc. U. S. Nat. Mus., Vol. V, 1882 (1883), p. 448, Pl. X, figs. 7-9; 
Cret. and Tert. Fl., p. 262. 

Chignik Bay; Wm. H. Dall. 

PHYLLITES ARCTICA Knowlton. 

KNOWLTON, Proc. U. S. Nat. Mus. for 1894, p. 230, Pl. IX, figs. 10, 11. 

Herendeen Bay; C. H. Townsend. 

EXPLANATION OF THE TABT,E. 

A few words as to the manner in which the table was compiled may 
be of assistance in understanding its scope. I have given in the first 
nine columns the distribution of the fossil plants in Alaska itself. These 
columns also show the plants that are confined in their distribution to 
Alaska so far as now known. The remainder of the table is devoted 
to those having a distribution outside of Alaska, with the exception of 
those from Cape Lisburne. As the latter belong clearly to a much older 
horizon (Neocomian), about which there is little or no doubt, it has 
been thought unnecessary to increase the size of the table so as to 
show them.I 

The next eight columns are devoted to the distribution of the Ter· 
tiary plants of Alaska in the United States and British Columbia. I 
have then selected a number of typical localities in different parts of 
the world at which places an abundant Upper Tertiary flora is devel­
oped, such as Disco Island and Atanekerdluk, Greenland, Spitzbergen, 
Sakhalin, Sinigalia, illningen, etc. The last three columns are reserved 
for Oligocene, Miocene, and Pliocene, when the species under discus­
sion is not found in any of the selected typical localities, yet occurs in 
these horizons in other localities. . · 

DISCUSSION OF THE TABLE. 

The fossil flora of Alaska, as presented in this paper, embraces 115 
forms. Of this number, 1 is regarded as extra-Iimital and 3 are inter­
glacial, being found also living about the Muir Glacier. Of the 111 
forms remaining, no less than 46 are peculiar to Alaska, leaving 64 
forms having an outside distribution. . On removing the 9 species 
found at Cape Lisburne, about which, as pointed out above, there is 
little question of age, we have remaining only 55 species, or a little less 
than 50 per cent, upon which to depend for the determination of the 
bearing of the plants on the question of age. 

--------------·---------
1 The Cape Lisburne plants will be treated by Prof. Lester F. Ward in his forthcoming paper on the 

correlation of' the fossil plants of the Lower Cretaceous. 
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An examination of the table yields the following numerical results: 
The Laramie has 3 species, of which 1 is doubtful; the post-Laramie 
beds of Colorado, 10 species; the Livingston beds of Montana, 6 species; 
the Fort Union beds, 1G species, of which 1 is doubtful; tbe Green River 
group, 9 species, of which 3 are in doubt; the Mackenzie River, 11 
species; British Columbia has 7 species in the Miocene and 4 in the 
Laramie, with 2 common to both; California, represented by the aurif­
erous gravels and allied formations, has 17 species, of which 3 are in 
doubt; the Eocene (Alum Bay, etc.), 6 species; the Greenland Miocene, 
as represented at Disco Island, Atanekerdluk, etc., has 29 species; 
the Miocene of Spitzbergen, 20 species; the island of Sakhalin( Siberia), 
23 species; Sinigalia (Italy), 12 species; the so-called Baltic Miocene, 
13 species; ffiningen, 20 species; Oligocene, 11 species; Miocene, 33 
species; Pliocene, 15 species. 

By combining a number of the above localities which may be legiti­
mately taken together we have _still more impressive results. Thus, by 
the combining of the post-I~aramie beds of Colorado with the Living­
ston beds of Montana, we have 13 species common to Alaska. The 
union of the Mackenzie River and Fort Union deposits gives 21 species 
common to Alaska; while Greenland, Spitzbergen, and Sakhalin have 
no fewer than 39 species out of the 55 species from Alaska. This last 
result shows, if we are to place any dependence in fossil plants, that 
the floras of Alaska, Greenland, Spitzbergen, and the island of Sakha­
lin are so closely related as tolead to the unavoidable conclusion that 
they grew under similar conditions and were synchronously deposited. 
The localities enumerated show that the circumpolar flora at that time 
was practically similar and continuons. 1 

I A discussion of the ago of these beds will be foun<l under tho head of the Kenai group in the 
preceding chapter on the Tertiary geology of Alaska, pp. 872-875. · 
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DiBtribution of the fossil flora of .Alaska. 

Distribution in Alaska. 
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Chon<lritesfiliciformis Lx ................................... X .. --------- ---· •••.•••..••. 

CbondritesHeeri Eicbw.(Triassin1) -----------·····-------- .... ... .. ................... .. 

Eqnisctnm globulosum Lx ................. : ....... ------- .. 1 .. - J-- ---1--- 1-- .. - -.. X 1-- ..1 .. --
Calarnite8amhignns Eichw -------------····---··········--· ____ I ____ ....•••.....• ____ ! ___ •.•••••••• 

PecopterisdenticulataReer ................................ X ..................... 1 .......... .. 

rteris Sitkensis Rccr ........................................ --- X •••......••..•••..••. ---· .•.. 

OsmumlaDoroscbkiana GOpp .......... ------------ .... : .. .................... ---- X 

.Aspidium CErstedi Heer.................................... X ................ _ .. . 

Asplenium Foersteri Deb. and Ett . ............. -·--- ........ X 

Asplenium Dicksonianuirr Heer ....... ............... - ...... X 

I>inns Staratscbini Heer ......... ___ .... ---- ...... ----...... X ..... __ . ___ ..••. _ . __ ..••..••..••. 

Pinus sp .......... ........................................ -- ...... ---. ... . ... X 1 

SeqnoiaLangsdorffii(Brongn.) .............................. ------------ X ;,.: --::1·;· ·; 1:::: 
Sequoia spinosa Nowhy ................. ---------------- .... -- .. ---- ---- X --X--- -:· :::- _-_,-: _-- _-_ ·: -. ~_.-_ .,.: ------: 
Taxodium dist. miocenum Heer .. ................................ X X . ••• . 

Taxodium Tiuajorum Heer .......... ------------------------ .... X .•... --- X 
1 

I 
Taxodiuru Tinajornm var. Eichw ............................ ................ X .••.•••.•••..••• 

Glyptostrobus Europreus llrogniart ............................. X .... 1.... x ........ X , .. .. 

~~~~El~Z~L EHEH·: : ::: : < I : -X~ : / :: 
Picea SitcbensisCarr........................................ .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. X 

Tsuga MertellsianaCarr .. ......... ·-····-··-··--------.----· ......... ____ ..................... X 

Cupressinoxylon erratic1im Merck*--················ .......................................... . 

Pinitns pannonieus (Ung.) GOj)pert .... -------------········· ---- .................. X .••..••. 
1 
•••• 

Ef!:?~~~:=~:7;:~::~::~~:::::::::::::::::::::::::::::::: ·:· :::: :j:::: ::::::::: ::::,::J::: 
Phragmites .Alas kana Hcer . ............... _ .......................... _. . . . . X .••.. _ •..••..••• 

Poacitcs tenuistriatuAHeer .................................. ............... X X 

Carexservata Heer ......................... ---------------- ................ X ........ X 
Carex sp........ ...... .... .. .... .. .... .. ...... .... . .. .. ...... .. .. x .. .. .. .................... .. 
Sagittariapulcbella Heer ..................................................... X 
Sagittaria sp .......................... ·...... ...... .... .... ... .. .. X ........................... .. 
Irites .Alaskana Lx .................................. , .. .. .. . X ............................... .. 
Populuslatior .Al.Braun .................................................... X 
Populus glandnlifera Heer ............ _. ................................. .'... X 

Populus halsamoides Heer............ .. .. .. .. .. .. .. .. .. .. .. . .. .. X .. .. .. .. X 
Populus Zaddachi Hcer.. .... .. .... .. ...... ...... .... .. .... .. .. .. .. .. .. .. .. .. X 

Populus leucopbylla Ung .................................................... x 

* This species is extra-limital. 

I 
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x! X ---- X ---- X XLM X X ---· ---- X X X X X X 

---- ·--- ---· ---- ·-·· X XL X 1 X x ·--- .... ---- .. .... .. .. 

· ........ x x .................... x x .... x ................. . 

:::: .:::·::· ::::::::::::::::::::::::::::::::::::::::1:::::::::::::::::: 

:::::::::~:11~:::::::::1::::::::::::::::::::::::::::1:::::::::: :::::::: 
::::::::::::::::::::::::~::::::::::::::::1:::::::::::::::::::::::::::::: 
:::::::::::::::::::: :::r~~:. :::::::::::::::: :~: ::::::::; :~:; ~ 
............ x ................................ x ........ xx 
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Remarks. 

Birch aml Bellingham 
bays. 

Mainly Miocene. 
Abundant in European 

Miocene. 
.... .•.. X X ............................ X .... X X X .... X X MainlyUpperMiocene . 

•••.•• X •• Common in European x ........................ x .... x .... x .... x 
Miocene. 

X X x .................................... X ...... XXX 

t This species comes from so nth of Danaakn, in southeastern Alaska. 
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Distribution of the fossil flora of Alaska-Continued. 

Distribution in Alaska. 

"' .,; . 9 ~ 
P. ~Y H~ - 3 ~ .,; ~ ,.§ '"d b ~ ,..l:l l=l" P=l 
UJ ~ ...... ~ ~ ~ 
~~e~~H~ 

!ij~~gk 

Species. 
~ 
" ,.; 

"" "' § ·a 
" " 3 "' " ~ ~ 

"' " t:Q ~ 

Populus Richardsoni Heer........ .. . . . . . . . . . . .• . . . . • . . . . . . . . . . . . . . . X . • • . . • . . . . • • . X 

Populus arctica Heer ..•.... --------. ----.-•• -.-_-_-__ -_-_-_-__ -_-_-_-__ -.--
1 
· ··· = = = = =1--; 

Sahx varians G6pp. .• . . . . . .. . . .. . . . . . . . . . . .. .. . . .. . . . . . . . . . . . . . .. . . . . . . . . . X .••..••.•••..••• 

Salix macrophylla IIeer.. ....... .. ......... ...... ..••.. .•.... . . . . . ... .•.. ... . X 

Salix Lavateri Heer..... .. ...... .... .. . ........... ... ........ . . .. . ... . ... . ... X 

Salix R;eana Heor . .. . . . . . . . . . . . . . . . . . . . . • . . .. . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . X 
Salix integra GGpp .. ............................. :. . . . . .. . . .. . . . . . . . . . .. . . . . . . X •••..••.• _ •..••• 

Salix min uta Knowlton .............•..•.•..............•..•..........••...•.............. X .... 

Fagus Antipofii Heer . . . .. . . . . . . . ... . . . ........... ... . .. . . • . . . • . . .. . X . ... X 
Fagusmacropbylla Ung ...................................................... X 
FagusFeroUim G'ng.. .. .. . ....... .. .... ...... ............ .. . . ... . ... ..... .. . X 

Fagus Den calion is Ung...... .. ...... ...... ................. .. . ... . . .. . .. . . .. . X 

Castanea Ungeri Hcer ........................................... X . .. . . ... X 
Quercus pseuflocastanea GOpp ...... ......................................... X 

QuercusFnrubjelmi Heer .................................... ............... X 

Quercus pantlurataRcer.. .. . . . . . . . . . ... . . . . .. . .. ... . . . . ..... . . . . . . . . . . . . . . . . X 

Quercus ChamiHsoni HeeT .. --- ..................................... _.. . . . . . . . . X 

Querens Dallii Lx . . . . . . . . • . .. . . . . . .. . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . X 
Corylus JUacquarrii (Forbes) lleer. ..• .• . . .. . • . . .. . . . .. • .. . . . . . . . X . . . . . . . . X 
Corlyus Macquarrii var. ma,~rophylla fleer.................. . . . . . . . . . •. . . . . . X 
Carpinus grandis Ung ............................ '......... . . . . . . . . X X X 

Alnus Kefersteinii (Gopp) Unger .. . . .• ..•..... ..•... ... .• .. . . • . . . . . . . . . . . . . X 

X .••. X .••. 

········1·--· ... . ---· .... --·· ... . 

A Inns Kefersteinii var. Hcer ....... .................... __ .. .. . .. . . . . . . . . . . . . . X 1 ..........•..... 
.Ainus.AlaskanaLx ................................................. 'x ........................ . 
Alnns grandifolia Newby.................................... .••.. ... . ... . . . . X 

Betula grandifolia Ett ..................................................... . X 

Betula .Alaskana Lx ................................................................ ·.. X •....... 
Myrica banksirefolia U ng ........................•........ :. . . .. . . . . . . . . . . . . . X ............... . 
Myrica cuspidat.a (Lx.) Dn ...................................................... X ....•....•.. 
Myrica prremissa (Lx.) Kn. .... .. . . . . . . . . . . . . .. . . . . .•• . .. . . . . . . . . . . . . . . . . . . . . ... . X ..•.••...•.. 
Myrica vindobonensis (Ett.) Heer. ...... ...... ...... ..... ... . . . . . . . . . .. . . . .. X ..•.....•....... 
Platanus nobilis Newby' ................................................................•.....•. 
Juglans acumina_ta AI. Br .. :.... ............................ ..... ... X 

Juglans nigella Heer .•. . .. . . . . . . . .. . . . . .. . . . ... . . . . .. . . . . . . . . . . . . . . . X . . . . X ....... -~· •...... 

Juglanspicroitles Heer------·--·--·-·----·------------·----- ................ X 

Juglans Woodiana Heer .............•••.............................................. X ••...... 

*From Topanika beds of Norton Sound (cf, Dall awl Harris, Bull. U.S. Geo!. Survey, No. 84, p. 246). 
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Distribution of the foBBil flora of .AiaBka-Continued . 
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Geolog~cal distribution ont·siclc of Alaska. 

Remarks. 

X .... X X XJ,l\1: X 

............ X X X XL X I X 

................................ Xi .... X 

X ............ X .... X .. 

.... .... .... •••. .... .... ........ ... • .... X .... X ....... X X X X 

.................... X XL X ........ X ........ X X ........ 

.... x ........................ x ........................ x .... xx 

................................ X .... X .... X ............. X .. 

........................................ i< ...................... x· .. 

.... .... .... .... x! ........................... X .......... X X X Mainly Miocene. 

XM X .... X .... ~< ............... X X 

.................................. : ..... x ........ X .......... X .. MainlyUpperMiecene 

.................................................................. X .. Once found in Silesia. 

XM 
xxxx .... x XL .. .. X X X X .. .. .. • . .. X X .. lHland of MulL 

.... ··-- .... .... X .... X LIM X X X X X .. ---- X X 

.... .... .... .... X .... ........ X X X X X X X X X 

............. X ............................ X X X X X .... X .. 

I 
.................................................................. X .. 

........................................................ XX XXX 

........................ XM .................................... .. 

...................................... · .................. X X .... X .. 

.... .... .... X .................................................... .. 

BircbBay,Orcaslsland. 
Eocene, rare; mainly 
Miocene. 

Few Eocene, hut main-
ly Miocene. 

Few localities in Eo­
cene, but mostly in 
Miocene. 

Distinctly Miocene, but 
not abundant . 

X ................ X X .......... X •. AMiocenespeciesvery 
close to J. rugosa; of 
Unite•! States . 

............ x ........................ x .... x 

:::::::::::::::: ·; :::::::::::::::::::::::::::::::: :::: ::::::::::;::\Also Vancouver. 
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Distribution of the fossil flora of Alaska-Continued. 

Distribution in Alaska. 
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Juglans Townsendi.Kuowlton............................... ... .... .... .... ..... .... Y. .••. 

FicusA!askanaNewby ......................... .' .................. x .... X -.·.·.· .• -.··_·_1-_·_·_· __ .. _·_·_ 
Ficus mem branace'a Newby ............................... , - . . .. . .. .. .. .. . . X 

Planera Ungeri Ett. ............................................ _ .. .. .. .. .. .. X 

Ulmus plnriner\'"a Ung ... ................. -----······· ....... __ X 

Ulmus sorbifolia Giippert ....... :. . . . .. . .. . . . . . . . . . . .. . .. . . . .. .. .. .. . . . . X .................... . 

Diospyros stenosepala Heer ................................... .. X 

llim~pyrosAlaskt.maScbimpcr ............................... ................ X ................ . 

Diospyros anceps Heer...... .. .. .. .. .. .. . .. . . . . . .. . . . .. .. .. .. .. . .. .. ;.; X .................... . 

Fraxinus Hercndeenensis Knowlton ... ~. ~. ~- ............ -.. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . X .••• 

Andromeda Gra.yana Heer ------------ ............ ---- ......... ' ........ X X 

Vaccinium FriesiiHeer -------·----····-··-----------------· .... ··r· ........ X .•••.••.•••..•.• 

Vaccinium rcticulntumAl. Br ................................ .... ---· .... X ---·- ............. ---· 

Viburnmn NordenskWldi Heer. ----- ............. -----· ...................... . X 

Nyssaarctica! Heer ................................................ _._._. __ ··_ .. X .. :·.X·.·.·_ .. X •• -.·.·.· ... __ .. 

1

·::: 

Corn us orbifcra Hcer . .. . . .. .. .. .. .. .. . .. . .. .. . .. . . . . .. .. . . . . .. . . . 

Hedera auricnlata Heer ------ .................................... : .:.:.·· .::':"': : .. ::·.-. ~ :·:·:··· .. · .. · .. ·.:·_·_:·:·--.I·:_·_·:·: Trapa borealis Heer ................................ ·' ......... .. 
Liq uidambar Europ<Cum AL Br ................... : ............. . 
Spirrea Andersoni Heer....... . • . . . . .. .. . . . . . . . . . . . . . . .. . . . • . .. . .. . . .. .. .. .. X I 

::::~~~a:::~~!~~N~:!:::::::::::::::::::::::::::::::::::::: :::: :::::::. :::: ~ :::: :::: :::r:: 
Acer trilobatum productum (AI. Br.) Heer ....................................... ··•· .... X 1--·· 
RhusfrigidaKnowlton .................................................................... X .. .. 

~:::: ;::::~~f~l~:ri~~~; :::::::::::::::::::::::::::::::::::: :::: :::: . ~. :::: . -~-- ::::1:::: ::::1:::: 
Eheodemlron Helveticum Heer .......................... ····-- .. · ... ···· ···· · ···· X 1· ··· · ... ! ... . 

~~gg~; .. ~,. .. - : -- ----.-- -:-- -··:· ··:: --.. ~ .. _. i -- / -
TiliaAlaskanaHeer ................................................ ·'-- .... X ..• J ......... .. 
Magn_olia Nor~cnskioldi Heer .................................................... ····[ x .... 

1 

.. .. 

Phyllites archca Knowlton.................................. . . .. .. .. . . .. . .. . . . . .. . • • . .. .. X ... . 
I 
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Geological distribution outside of Alaska. 
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other distribution. 
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APPENDIX II. 

REPORT ON PALEOZOIC FOSSILS FROM ALASKA. 

BY CHARLES SCHUCHERT, 
UNITED STATJ<;s NATIONAL MUSEUM. 

SUMMARY. 

It appears that Lieutenant Belcher and Mr. A. Collie were tile first 
to secure Carboniferous fossils from Alaska, in the vicinity of Cape 
Thompson, north of Kotzebue Sound, Arctic Ocean. 'l'hese were iden· 
tified by Professor Buckland, and a list with a description of the local­
ity is published in Captain Beechey's Voyage.1 The same expedition 
also secured other Paleozoic fossils at Cape Lisburne, but, according 
to Grewingk/ Fischer and Kupreano:ff first proved the age of these 
organisms to be Silurian. The same writer also reports Halysites escha· 
roides (Silurian) as from Sitka. · 

Lieut. P. N. Doroshin traveled extensively in Alaska durmg the 
years 184 7-1852, and at Cape J aklok, at the southwest point of entrance 
to Cold Bay, Shehkoff Strmt, north of Kadiak Island, found what 
appeared to be a Carboniferous plant. Eichwald 1 describes it as Cal­
amites ambiguus. The same traveler also found in Alaska a trilobite, 
indicating Ordovician rocks, of which the locality IS unknown. Lons­
daleia, a Carboniferous coral, was obtained by Professor Stevenson at 
Glacier Bay in 1893. 

On the shore l!ear Cape Thompson, Arctic Ocean, Mr. W. J. Fisher 
• picked up among some pebbles a well-preserved specimen of Spirifer 

condor, an Opper Carboniferous brachiopod. 
On Kuiu Island, in southern Alaska, Mr. W. Brightman secured 

two slabs of Carbomferous fossils denoting the Mountain Limestone 
of Europe, or the upper portion of the American Lower Carbonifer· 
ous. From the same place a piece of limestone was collected con­
taining fragments of a Concbidium, indicating rocks of Devonian age .. 
Recently Mr. J. A. Becker bas secured another lot of Devoniaii and 
Carboniferous fossils from the same region. 

1 See Literature, p. 906. 

898 
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DESCRIPTION OF T.~OCA.LITIES A.ND FOSSILS. 

CAPE THOMPSON. 

At Cape Thompson (latitude 67° 6', longitude 1650 45'), which is 
about 400 miles in a straight line north of the mouths of the Yukon 
River, Belcher 1 observed Carboniferous strata. His description of this 
locality, to which Buckland has added observations on the fossils col­
lected, is as follows : 

Tho summit of the northernmost cape is composed of Carboniferous limestone, 
abounding with organic remains similar to those of the limestone of Derbyshire. 
It is also traversed by veins of chert of a blackish cast, varying in thickness from 
6 inches to 2 feet. It here dips at an angle of 10° to the westward, and is snc­
ceet!ed, about halfway down the cliff, by blue and black argillaceous shale, with 
which it alternates in strata of 6 or 8 feet in thickness; and at about two-thirds 
down to the base, shale alone occupies the clitt, and becomes abundant in organic 
remains; it is occasionally interstrat.ified by limestone, and much contorted. 

At the end of the bay the limestone again commenced, of nearly tho same char­
acter as A [the summit of the northernmost cape]; the chert., however, assuming a 
grayish cast, and containing organic remains m profusion. • • • Some chert, 
which had fallen from the center of the cliff, I founclloaded with layers of shells 
(chiefly bivalves). (Lieutenant Belcher's notes, p. 171.) 

Many specimens of this limestone from Cape Thompson are not distinguishable 
from the entrochal marble of Derbyshire, being almost entirely made up of frag­
ments of encrinite. Many shells and coraUines also appear to be identical with 
those of the Derbyshire limestone, e. g., tho producta Martim, and other product::e, 
tht> species of which can not be accurately made out, from the imperfect state of 
the specimens; there are also many specimens of the hthostrotion, or basaltiform 
madreporite (Vol. II, Pl. V, figs. 3 and 6, Parkinson's Organic Remains: Columnaria 
of Goldfuss), aml specimens of flnstrre. 

Mr. Collie, in his notPs, speaks of impressions of trilobites also in the argillaceous 
slate of Cape Thompson, but I do not find any remains of these ammals in the col­
lection made by Lieutenant Belcher. (Buckland, p. 172.) 

1f Buckland's identifications are correct, then in Productus martini 
(=P. semireticulatus Martin), and Madrepora basalt~formis Conyb. and 
Phill. ( =Lithostrotion basaltiforme), there is undoubted evidence of the 
existence of Carboniferous strata in the vicinity of Cape Thompson, 
which is confirmed by the Spirifera condor found by Fisher. 

CAPE LISBURNE. 

About 50 miles north of Cape Thompson, along the coast of Cape 
Lisburne, Mr. A. Collie 1 ''found the brownish-gray and black strata of 
the cliffs to the southwest of it dipping south and west, at various but 
generally at considerable angles. * * * The perpendiCular rocks 
appear to be composed of Mountain Limestone, the acclivities of slate 
and shale" (p. 172). 

' See Literature, p. 906. 
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The following fossils were collected at this· point: Numerous "frac­
tured terebratulro" in a black, argillaceous slate; "Tubiporite, radiated 
head of encrinite," and "small terebra.tulro iu black swinestone"; 
"columnar madreporite" (p. 173). 

These identifications do not indicate more than the presence at this 
place of Paleozoic strata; but, according to Grewingk, at this locality 
Fischer and Kupreanoff gathered from a dark calcareous shale the 
following fossils: 

Oyathophyllurn flexuosu·rn (Lonsdale). Silurian. 
Oyathophyllum ccespitosum Goldfuss=O. ccespitosurn Ed. and Haime, 

of the Devonian (if 0. ccespitosum L9nsdale= 0. articulatum Ed. and 
Haime, of the Silurian). 

Turbinolia mitrata Hisinger=Aulocophyll?tm mitratum Ed. and Haime. 
Silurian. 

Oaryophyll-ia truncata Hisinger=Acervula~ia luxurians Ed. and Haime. 
Silurian. 

These corals indicate the presence of Silurian (Upper) beds at Cape 
Lisburne. 

CAPE BEAUFORT. 

The next locality in this Arctic region of Alaska where Paleozoic 
rocks are supposed to exist is Cape Beaufort., which is about 60 miles 
east of Cape Lisburne. Mr. Collie 1 describes the rock outcrops as 
follows: 

At Cape Beaufort is a high ridge, in which a narrow vein of coal is exposed, about 
a quarter of a mile from the beach. It is slaty, burns with a pure flame and rapid 
consumption. ' • • The upper part of this eminence exhibits perpendicular 
faces toward the sea, and is strewed w1th broken blockfl of slaty sandstone, contain­
ing carbonized impressions of reeds, both fluted anrl plain, generaily flat • • • 
The sandstone is generally of a reddish-gray color (p. 173). 

There is nothing iu this description to indicate the age of these 
plants, but material subsequently collected by Henry D. Woolfe, from 
this region, Pro-fessor Ward "eonsiders to indicate a Lower Cretaceous 
or possibly Upper Jurassic age.'11 Regarding the coal found at Cape 
Beaufort, Mr. Dall writes: 

[It] is of a very different quality from the lignites of tho southern part of Alaska, 
and from tho presence of corals, apparently referable to the epoch of the Carbonif­
erous period, which were collected from the debris of the rocks adjacent, it has been 
,assumed to bo of that age. Similar coal crops out below low-water mark in many 
places northward to Point Belcher, anu is pushed up on the beaches by the grounded 
ice floes, so that in some places nearly the whole of the beach gravel is made up of 
small fragments of coal. • • • It seems tolerably certain that strata covering a 
considerable range on the geologic column, beginning with the Silurian, are repre­
sented in the vicinity of Cape Lisburne, and that t-he coal-bearing strata may bo 
Mesozoic rather than Paleozoic. (Dall, p. 249.) 

J See L1terature, p. 906. 
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GLACIER BAY. 

In a report of the meeting of the New York Academy of Sciences, 
December 16, 1895 (Am. Geol., Vol. XVII, 1896, p. 62), in a paper read 
by Prof. H. P. Cushing ("Notes on the areal geology of Glacier Bay, 
Alaska"), it is stated that a species of Lonsdaleia was pieked up in 
Alaska by Professor Stevenson. This species was identified by Prof 
a. S. Williams, and is "regarded as demonstrative of the Carbonif­
erous age of the beds" (Glacier Bay limestone). The locality is about 
150 miles north of Kuiu Island, wllere Mr. Brightman and Mr. Becker 
collected the Carboniferous fossils described in this paper. 

SITKA. 

Grewingk 1 Teports that Oatenipora escharoides Goldfuss ( = Halysites 
escharoides Ed. and Haime) was found near Sitka. This species is 
usually Silurian (Upper) in age. 

CAPE Y AKLOK. 

During the years 1847-1852, r~ieut. P. Doroshin, in the interest· of 
the Russian ministry of finance and the North American Tmding 
Company, collected fossils at several loealities in Alaska. The only 
probably Carboniferous fossil collected by him is a calamite, which 
Eichwald 1 uamed Oala.mites ambig1ws. The fragment is about 2 inches 
long and is without nodes, so that a clear conception of the species 
can not be obtained. However, 8ichwald writes: 

I agree with H. Goeppert that this [the piece of Calamites] is a true grauwacke, 
cousisting of a fine-grained argillaceous sandstone, and mdicates the Carboniferous 
formation. It occurs ou the northeastern shore of Alaska north of Cape YaklOk, on 
the south shore of the river Yakliik (p. 115)- [Further:] Impressions of Calamites 
are found at several places in Alaska and on the Aleutian Islands (p. 91). 

Regarding Calamites ambiguus, Knowlton 1 writes: 

It appears to prove, if it is really a calamite, the presence of true Carboniferous 
strata in Alaska, but it is so very fragmentary that I can not but look upon 1t with 
question. Goeppert, who first recognized its nature, also claimed to ha~e observed 
leaves of Sigillaria, but thi~, too, requires confirmation (p. 212). 

Eichwald 1 says that" Doroshin bas also collected in Alaska the head 
shield of a Lichas (Pl. VII, figs. 1, 2) which actually points to a gran­
wacke. In it, however, he did not-observe other fossils" (p. 91) .. This 
trilobite is a Bathyuroid, and is probably of Ordovician age. Eicb wald 
does not indicate the particular locality in Alaska from which it was 
derived. 

• See Literature, p. 906. 
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FOSSILS FRO.l\'I KUIU ISLAND, ALASKA. 

The small collection of fossils from Saginaw Bay, Kuiu Island, 
secured by Dr. Dall from 1\'Ir. Brightman, and another lot found by 
l\'Ir. J. A. Becker on the same island, unmistakably indicate the presence 
there of Carboniferous and Devonian strata. 

Devonian.-The tossils of Devonian age are Conchidium n. sp., Spir­
ifer like S. maeronottt, and Spirifer related to S. arrectus. 

Oarboniferous.-On two pieces of a dark-colored sandstone there are 
preserved as casts, with the shell partially adhering, eight species of 
Brachiopoda. Those specifically identified are forms having a very 
extensive geographic distribution. However, if better-preserved mate­
rial or free specimens were at hand, one or· two of the species might 
prove to be distinct. These fossils indicate the age of the sandstone 
to be about that of the Mountain Limestone of Europe or the upper 
portion of the North American Lower Carboniferous. The Spirifer 
condor picked up by 1\'Ir. Fisher among the pebbles on the Arctic 
coast at Cape 'fhompson may be from higher or Permo-Carboniferous 
strata. 

DEVONIAN FOSSILS. 

Oonchidium n. sp. Above the beach on Kuiu Island, Alaska, at Sagi­
naw Bay, Mr. Brightman found a piece of white limestone, mottled 
with yellow, in which are numerous very fragmentary, siliceous speci­
mens of a medium-sized Conchidinm. 

Oonchidittm n. sp. Of the same species four ventral valves were 
found by Mr. Becker which are similar to 0. lcnighti. in the angular pH­
cations and to 0. tenuistriata in general form. The plications continue 
farther on the umbo-lateral slopes of the Alaska species than any other 
known form, which may indicate a younger age for the geological hori· 
zou thau that of the above-mentioned species. It is also wider along . 
. the hinge line than 0. tentdstriatus, and much like 0. baschlciricns 
(Verneuil), from the Lower Devonian, occurring on the western side of 
the Urals, along the Juresan River. (United States National Museum 
Register, Nos. 25621, 26008.) 

Spirifer. sp. undet.I. A large alate species, with a high cardinal area 
and a smooth sinus. The only ventral valve present reminds us much 
of S. macronota, S. pennata Owen, and S. manni. (United States 
Nationall\'Iuseum Register, No. 26006.) 

Spirifer sp. undet. II. The only imperfect ventral valve present is 
apparently very similar to S. arrecta of. the Oriskany sandstone. 
(United States National Museum Register, No. 26004.) 

Ohwtetes sp. undet. A fragment of apparently a small hemispheric 
mass. ~United States National Museum Register, No. 26005.) 

Crinoidal fragments. (United States N ationall\'Iuseum Register, No. 
26007.) 
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CARBONIFEROUS FOSSILS FROM YELLOW SANDSTONE. 

SPIRIFER, sp. indet. 

In the yellow sandstone occurring above the beach on Kuiu Island, 
Alaska, associated with S. duplicicost1ts and Productus longispimts var. 
alaskensis, are fragments of a large spirifer with a very convex ven· 
tral valve. Internally the dental plates are thick and very high, much 
as in S. neglect1ts Hall. However, they do not appear to have extended 
anteriorly and bounded laterally the muscular area, as in that species. 
In general, the Alaska species resembles the North American S. neg­
lect?ts. (United States National Museum Register, No. 25622.) 

PRODUCTUS LONGISPINUS var. ALASKENSIS Schnchert. 

Of this species there are eight specimens present, and all agree in 
form with P. longispinus, as figured by Davidson (Mon. British Carb. 
Brach., pl. 35, figs. 6 and 8), except that the strim are much finer and 
more numerous. . The mesial sinus of the ventral valve Is also deeper 
and wider, even more so than in variety lobatus Sower by, as figured by 
Davidson. The Alaska variety is probably more closely related to 
P. injlatus McChesney, since in size and lobation it is in harmony with 
a specimen of this species in the writer's collection from near Tuscnm. 
bia, Ala. The latter, however, also differs in having coarser strim, and 
it is probably only a large, strongly lobate variety of P. longispinus. 

Distribution.-P. lon{Jispinus is found in Scotland, Ireland, Belgium, 
Russia, India, Tasmania, Bolivia, and North America. The variety 
occurs above the beach on Kum Island, near Port Cornwallis, in a 
yellowish sandstone. (United States National Museum Hegister, Nos. 
25623, 26003.) 

CARBONIFEROUS FOSSILS FROM DARK-COLORED SANDSTONE. 

SPIRIFER DUPLIClCOSTUS Phillips. 

1836. Spi1·ijera duplicicosta Phillips, Geol. Yorkshire, Vol. II; p. 218, pl. 10, fig. 1; 
1857, Davidson, Mon. British Carb. Brach., p. 24, pl, 3, figs 7, 10. 

Of this species there is present a cast of a small ventral valve, which, 
on comparison with a specimen of the same size from the Mountain Lime­
stone of Lancashire, England, proves to differ but slightly, the median 
sinus being more angular. The plications also are sharper and the 
bundling of the plications more prominent. These in both English and 
Alaskan specimens are crossed by very fine concentric strim. 

S. d?tplicicostus is closely related to S. striatus, and both are very 
variable species. The Alaska specimen, however, is more in harmony 
with the former than with the latter species. 

Distribution.-Common in England, Ireland, and rarely in Scotland. 
In Alaska it occurs with Spirifer pinguis in the dark-colored sandstone 
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near low-water mark and in the yellow sandstone above the beach on 
Kniu Island. (United States National Museum Register, Nos. 25624, 
25630.) 

SPIRIFER PINGUIS Sowerby. 

1820. Spirifera pinguis Sower by, Min. Conch., Vol. III, p.125, tab. 271; 1857, 
Dav1dson, Mon. British Carb. Brach., p. 50, pl. 10, figs. 1-12. 

Of this species there IS only one small dorsal valve present. It has 
five or six; plications on each Side of the median fold, the same number 
as in an example of the same size from the Carboniferous limestone of 
York, Ireland. Large Irish examples, however, may have as many as 
fifteen plications on the lateral half of each valve. 

Distribution.-Abundant in the Mountain Limestone of England, Ire­
land, and Belgium. In Alaska it was found by Mr. Brightman in the 
sandstone (burnt-umber in color) near low-water mark on Kuiu Island, 
at Saginaw Bay, near Port Cornwallis. (United States National Mu­
seurn Register, No. 25625.) 

PRODUCTUS PUSTULOSUS Phillips. 

1836. Protlucta pustulosa Phillips, Geol. Yorkshire, Vol. II, p. 7, fi6· 15; 1857, 
Davidson, Mon. British Carb. Brach., p. 168, pl. 41, figs. 1-6; pl. 42, figs. 1-!. 

This identification of the Alaskan material is based upon specimens 
of P. p7tstulosus in the writer's collection, from the Carboniferous lime­
stone of Tournai, Belgium. Davidson's figures of Phillips's species, 
however, show far less numerous spine bases than occur on the speci­
rnen frorn Belgium or Alaska. In the present chaotic condition of Pro­
ductus, and in view of the inconstancy of the great majority of specie's, 
it is unwise to attempt to determine what name this species will per­
.nanently bear. 

Distribution.-Very common in the dark-colored sandstone occurring 
near low-water mark near Port Cornwal1is, on Kuiu Island, at Sagi­
naw Bay, Alaska. (United States National Museum Register, No. 
25626.) 

PRODUCTUS Sp. undet. A. 

Among the fossils from the dark-colored sandstone of Kuiu Island 
there is a cast of a dorsal valve of a large, coarsely striated Productus. 
It appears to be quite distinct frorn any of the American, Indmn, or 
European species of the group typified by P. scabricultts. However, 
since the ornamentation of the dorsal valve in species of this genus is 
sometimes quite different from that of the ventral valve, it is thought 
best to leave the form unnamed until more material is obtained. (United 
States National Museum Hegister, No. 25627.) 
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PRODUCTUS Sp. undet. B. 

Two specimens of a small, highly arcuate Productus occur in the 
dark-colored sandstone of Kuiu Island. These are related toP. youngi­
amts Davidson, from Scotland and Wales. They differ, however, from 
that form in having more numerous and finer radiating strire. The 
material is not sufficient to give a diagnosis of the species. (United 
States National Museum Register, No. 25628.) 

ORTHOTHETES CRENISTRIA (Phillips). 

1836. Spirifer crcnist1·ia Phillips, Geol. Yorkshire, Vol. II, pl. 9, fig. 6. 
1857. Streptorhynchus crenistria Davidson, Mon. British Carb. Brach., p. 124, 

pl. 26, fig. 1; pl. 27, figs. 1-5, ~ 10; pl. 30, figs. 14-16. · 
1884. Orthothetes m·enist1·ia Waagen, Pal. Indica, Ser. XIII, Vol. I, p. 607; 1892, 

Hall and Cl~rke, Pal. New York, Vol. VIII, pt. I, p. 253. 

Of this widely distributed species, six impressions of ventral valves 
are at hand. In general appearance they are very similar to Ortl~·is 

keokuk Hall ( =Derbya keokuk), but do not possess the median septum m 
the ventral muscular area so characteristic of Derbya. In the Ameri­
can Lower Carboniferous no species of Orthothetes are known above 
the Kinderhook formation, but in the Rocky Mountain region the 
genus seems to have persisted somewhat longer. In Europe, however, 
the genus Orthothetes is abundantly represented in the Mountain Lime­
stone, and in India 0. semiplanus occurs in the Permo-Carboniferous. 

The specimens fi·om Alaska agree very well with the figures given by 
Davidson (loc. cit., Pl. XXVI), except that in the English specimens 
the ventral muscular area is considerably smaller. 

Distribution.-Common in England, Ireland, Belgium, and, according 
to Davidson, in India, Spitzbergen, and Australia. In Alaska, Mr. 
Brightman collected it near low-water mark, in sandst.one '(burnt-umber 
in color), near Port Cornwallis, Saginaw Bay, Kuiu Island. (United 
States National Museum Register, No. 25629.) 

SPIRIFER CONDOR d'Orbigny. 

1842. Spirifer condo1· d'Orbigny, Voyage dans !'Amerique Meridionale, Pal., p. 
46, pl. 5, figs. 11-14; 1883, Waagen, Pal. Indica, Ser. XIII, Vol. I, p. 514. 

1869. Spirifer striatus var. multicostatus Tonia. Sitzb. der kais. Akad. der Wiss. 
Wien., p. 3, pl. 1, figs. 2-4. 

1874. 8pf1'ifera cameratn Derby (non Morton), Bull. Cornell Univ., Vol. I, p, 12, 
plates 1, 2, 4, 5; 1895, Derby, Bull. Mus. Comp. Zool., Vol. III, p. 279. 

Of this Upper Carboniferous species there is present but one well­
preserved, medium.sized specimen. S. condor is very closely related to 
S. camerata Morton and S. striatus Sowerby. It differs from the former 
in the nearly entire absence of the bundling of the ribs and the imbri-
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eating concentric strire. In S. striatus the strire are very fine, and do 
not imbricate, and the ribs are but slightly bundled. 

Distribution.-In South .America, S. condor occurs in Bolivia, Brazil, 
island of Titicaca, and Peru. It was found by Mr. Fisher in Alaska, 
among pebbles on the beach of Cape Thompson, .Arctic Ocean, and is 
now in the collection of the California .Academy of Sciences. In 
Russia, S. condor is represented by S. tegulatus Trautschold, and in 
India by S. mu.~a.kheylensis W aagen. In the region of Mount Shasta, 
California, S. condor, or a closely allied species, is also known to occur. 
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APPENDIX III. 

REPORT ON THE MESOZOIC FOSSILS. 

BY PROF, ALPHEUS HYATT. 

The notes on fossils below are somewhat hastily written in response 
to the request for a report, but the determinations have not been 
hastily made: 

(1)' The slab from Woody Island, Kadiak,has what appears to be a 
large, much compressed species of Posidonomya, and I should thin~ it 
might be Triassic or older, but there is no solid basis for this opinion. 

(2) A slab from Cape Thompson, Arctic coast, has numerous speci­
mens of Halobia, or Daonella, and is probably Triassic. 

(3) The fossils from Kamishak Bay, Cook Inlet, are a species of 
Lytoceras, and another of Phylloceras, both apparently Upper Liassic, 
but I am still doubtful, because of one fragment that I have not yet 
made out satisfactorily, and also because of the uncertain indications 
with reference to exact age of rocks sometimes given by the Lytocera­
timc, and further because there are some Pelecypoda not yet examined. 

(4) Kialagvit Bay (No. 1498). The Ammonitinre from this locality 
are excellent, but belong to peculiar types, and I have been obliged to 
make a thorough investigation of the entire series of Hammatoceran 
groups in order to get clear ideas of their exact age. I can now state 
provisionally that this fauna is somewhat older than that of the lighter­
colored limestone of Tuxedni Harbor, Chasik Island. The nearest rel­
atives. heretofore found belong to the lowest parts of the Inferior Oolite, 
in formations placed by many German and French authors in the Upper 
Lias. There is one species of Trigonia identical with a very rare species 
found at Taylorville, Cal., in the Mormon sandstone, one of the "Costa­
tus" group, and the belemnites are also apparently very close allies of 
those in the same rocks. 

(5) The fossils from Tuxedni Harbor, Chasik Island (No. 1495), are 
Inferior Oolite. A characteristic species of Trigonia is identical with 
one found in the Mormon sandstone at Taylorville, Cal., which is char­
acteristic in that formation. There is also a well-preserved specimen 

!!07 
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of Ammonitinre, sufficient in itself.to settle the age of this rock. It is 
a species of Sphreroeeras, closely allied if not identical with the Mormon 
sandstone species, and a very close ally of the Sphmroceras ( Stephano­
ceras) giebelii Gottsche, found in the Inferior Oolite west of Mendoza, 
in Chile. The aperture is well preserved in one specimen, and success­
ful cleaning has exposed theiuner whorls, so that no doubt can reason­
ably be held that this is a representative of the common fossils of this 
genus in the Inferior Oolite of Europe. 

(6) The fauna found at Cold Harbor (No. 1497) is younger than that 
ofKialagvit Bay (No. 149S) or than that of Tuxedni Harbor (No. 1495). 
There is but one fossil in a fragmentary condition, but luckily this is 
the characteristic f(>ssil collected by previous explorers and easily iden­
tified, although it is a young shell. It is the young of Cadoceras 
(Ammonites), described by Eichwald (Mangischlak u. d. aleutischen 
Inseln, p. 138, pis. 7-8), and found at the island of Chasik, and also, I 
think, shows that the so-called Cretacic species Ammonites ishmm of 
Eichwald, found at several localitres in Alaska, is the young of thts 
same species. Nikitin, in various works (especially m Jura-Ablag. 
Rybinsk, Mologa, etc., Mem. Acad. St. Peterb., XXVIII, No.5), has 
shown that Cadoceras is represented by closely allied forms in the 
Callovian of Russia, and it IS a well-known genus of the Upper Jura 
in other localities in Europe. 

The species of Ammomtinre described by Grewingk and Eichwald 
are in my opmwn all either Callovian or Inferwr Oolite. The existence 
of the Cretaceous has not yet been demonstrated in Alaska, unless the 
Aucellm described by Ewhwald are Cretacic species. They are cer­
tainly not similar to the striated species .of that genus occurring in the 
Upper Jura on the western slopes of the Sterra Nevada. It should be 
noted in thvs connection that Eichwald (p. 90) states that Aucell:.e were 
found associated with species of Inocerami at two localities, and yet 
his Inoceramus eximius, porrectus, operculiformis, and ambiguus all 
certainly occur in the blue limestone of Tuxedni Harbor. 

One of this author's spemes, Inoceramus lucifer, can not be positively 
cited as occurring at the same locality with those above noted, bnt It 
is identical with what Ewhwald calls Inoceramus ambiguus Junior. 
This leaves only one spemmen unaccounted fo.r as Jurassic, and that 
is his Inoceramus cttneiformM d'Orbigny, which is not figured and can 
not therefore be identified. Another fact IS of importance in this con­
nection. No Aucelhe occur among the fossils collected at the localities 
mentioned above which can be identified with certainty. There are 
two casts of left valves, with much flattened but In curved beaks, which 
look not unlike the right valves of species of this geuus; but, if Aucellm, 
these are very aberrant forms. 
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THE UINTAITE DEPOSITS OF UTAH. 

BY GEORGE H. ELDRIDGE. 

PREFATORY. 

In presenting the following account of the veins of uintaite in Utah, 
a desire to afford a general conception of the nature of the substance 
as well as of its mode of occurrence, and the advantages to be gained 
by a comparison with the closely related hydrocarbons, grahamite and 
albertite, have prompted the writer to avail himself freely of the results 
attained by those who have made the material the subject of special 
analytical research or have examined in person the deposits of the 
al1ied minerals. 

The general map of the Uinta Basin (PL JJIX) is a compilation fr~m 
the surveys of King, Hayden, Wheeler, and Powell, The Geology of the 
High Plateaus of Utah by Dutton, and the maps of the General Land 
Office and the Post-Office Department. On comparison with the orig­
inal an occasional alteration will be found, made for purposes of adjust­
ment, or where a detail has come under the observation of the writer 
that escaped the others in their more general work._ The special niap 
of the region adjoining White River and the Colorado-Utah boundary 
(Pl. LX) is taken directly from the Hayden Atlas of Colorado without 
change. In both general and special maps, however, the location of 
the gilsonite veins is the writer's. 

In coloring the general map, the broad geological divisions have alone 
been distinguished, this scheme being simple and sufficient for the pur-
poses of the paper. - -

In the examination of the· area described the writer has received aid 
-Of great value from Col. James F. Randlett, in command of Fort 
Duchesne, who is also the agent of the Uinta and lJ:_ncompahgre 
Indians, and both to him and to his officers this acknowledgment of 
their generous courtesy is made wi!h sincere pleasure: 
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GENERAL CONSIDERATIONS CONCERNING UINTAITE. 

The name uintaite was given by Prof. W. P. Blake,1 in 1885, to a 
variety of asphalt found in the vicinity of the Uinta Mountains in 
Utah. The name gilsonite is of a later derivation than uintaite; it· 
waR adopted because of the substance having been brought into prom­
inence as an article of utility by the efforts of Mr. S. H. Gilson, of 
Salt Lake. It is the name now commonly accepted in t.he trade. 

The position of uintaite in the series of natural hydrocarbons is 
shown in Table I. 

CLASSIFICATION OF HYDROCARBONS AND ALLIED SUBSTANCES. 

TABLE I.-01assification of natural hydroca1·bons. 2 

Bituminous ..... 

{
Marsh gas. 

r 
Gaseous........ .. . .. . . . . . . 'N 1 ,, · ' atura gas. 

I 
Fluicl ...... · .............. {;::r~~~=~-

j
Maltha. 

. . Mineral tar. 
VISCOUS (malthrte) ........ · 

Brea. 
Chapapote .. 

Elastic _______ .. _ ......... {Elaterito. [Mineral caoutchouc.] 
Wurtzilite. 

!
Albertite. 

( Asphaltite. .. .. Grahamite. . 

J Uintaite. [Gilsonite.] 
Solid .... , 

l !
Bituminous coal. 

Coal .......... Semibituminous coal. 
Anthracite coaL 

Resinous .................................... ~~:~~~!!~· [Amber.] 

I • Ambrite, etc . 

. 

1 

Cereous ..................................... {~:~:~~::i-te, etc .. 

l . {Fichtelite. Crystallme ................................ . 
Hartite, etc. 

Table II consists of bituminous compounds, natural and artificial, in 
character quite distinct from the materials of Table I. In their occur·· 
renee, however, there is evident relation between the two series at least 
.as to origin, for uintaite, ozocerite, asphaltic limestones, and bituminous 
shales and sandstones are found throughout the same general locality 
and often in comparatively close proximity. 

1Uintaite, a now variety of asphaltum, from the Uintah Mountains, Utah: Eng. and Min. Jour., 
New York, Dec. 26,1885, Vol. XL, p. 431. 

1 Trans._.A.Jll. !nat. Min. Eng., Vol. XVIII, p. 582'. 
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TABLE II.-ClaBsification, or grouping, of natural and artificial bituminous compounds. 1 

r 
Mixed with limestone ("asphaltic 

- limestone"). 
Mixed with silica and sand(" as-

Seyssel, Val de Travers, Lobsan, Illinois, 
Utah, anrl other localities. 

California, Kentucky, Utah, and other 
iocalities. "Bituminous silica." 

~ j.E Mixe<l with earthy·ma~ter ("as-
g ~ phaltic earth"). 

. ..; l phaltic sand"). 
Trinidad, Cuba, California, Utah. 

_ ~ Bituminous schists _ ........ __ .. Canada, California, Kentucky, Virginia, 
and other localities. 0 

0 

· ~ Fluid .. __ .................. _ ..... . Thick oils from the distillation of petro-
0 
~ 

'§ 
c 
~ .... 
p:j I 

leum. "Residuum." . · 
Gas tar. 

~ Viscous--·-··--·-····---···---- {Pitch. 

] !Refined Trinirlacl asphaltic earth 
~ . Mastic of asphaltite. 

l-o:i Sohd __ • · · ·--- ·----- · · · ·-- · ·- ·- · Gritted asphaltic mastic. 

l · Paving compounds. · 

The classification exhibited in the foregoing tables seems to the writer 
to be the mo·st satisfactory of the several attempts encountered in a 
review of the literature of the subject. In this connection Professor 
'Blake 2 observes that bythe usage of many authorities "the word bitu­
men is generic rather tllan special, and is synonymous with asplml­
tum, both words being applied to the series of pure or nearly pure 
substances ranging from the fluid petroleum to solid asphaltum, but 
tl1e name a[';phalt being generally reserved for the solid forms. The 
various natural and artificial mixtures of bitumen or of asphalt are not 
·grouped with the pure minerals" in the tabulation followed. 

·~The use of the name bitumen for the whole series has the sanction 
of authority and long usage, but it is not sufficiently comprehensive for 
our present knowlcuge of the variety of substances groupeu under the 
'more exact designation of hydrocarbons." 

Professor Blake also adds, with reference to a system suggested by 
Capt. F. V. Greene, that" it is objectionable in grouping the free or pure 
bitumens with tbe various mechanically formed rock mixtures under 
tbe one general term bitumen, which should he applied only to the 
·varieties of pure and unmixed bitumens, while the other substances 
into which a variable portion of bitumen enters as a, constituent may 
bebetter grouped and called by the name of bituminous compounds." 

There is also a classification of the hydrocarbons based upon their 
chemical composition, but in view of the modifications nece-;sary as 
investigation advances and the more eas1Iy comprehended arrange­
ment based on physical characters alone, it is better, for technical pur­
poses at least, to follow the latter. 

'lbid. 2 lbid, p. 5~0. 
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CHEMICAL RELATIONS BETWEEN THE HYDROCARBONS OF 
TABLE I. 

The chemical relations between the hydrocarbons of Table I, were 
they worked out, would doubtless ·show the utmost complexity, for com­
plexity exists even in the substances themselves, nearly all of which 
are separable by the action of solvents or by fractional distillation into 
two or more components that are in turn divisible into series of hydro­
carbons, in many instances of great extent. No attempt will be made, 
however~ to bring together even the more important results of analyt· 
ical ·study, the writer contenting himself with the following general 
statements· based upon those found in Dana's System of Mineralogy, 
edition of 18!)2. 

In this work hatchettite and ozocerite are found among the simple 
hydrocarbons as members of the paraffin series OnHzn+z, while :fichtel­
ite, hartite, and a number of others occur in this division of the hydro­
carbons, but of series other than the paraffin, and in many instances 
altogether of doubtful reference. 

The resinous compounds belong to the class of oxygenated hydro­
carbons, the membership in which is very extended and of great variety. 
Concerning this class, Dana remarks that it embraces" chiefly the numer­
ous kinds of native fossil resins, many of which are included under the 
generic term '·amber;' also other more or less closely related substances. 
In general, in these compounds, weak acids (succinic acids, formic acid, 
butyric acid, cinnamic acid, etc.), or acid anhydrides, are prominent." 

Between the coals-especially the bituminous and cannel varieties­
and the resinous and asphaltite divisions of this table, relations are 
readily found; indeed, for a number of years, only two or three decades 
ago, grahamite, on account of its composition, was regarded by men 
high in authority as a true coal, notwithstanding their wholly different 
mode of occurrence. Albertite, grahamite, and uintaite are now, how­
ever, accepted as closely related varieties of asphaltum. Elaterite and 
wurtzilitc, in outward appearance, bear a striking resemblance to them, 
but are easily distinguished by their behavior toward solvents and by 
their marked sectile and elastic properties. Yet, while uintaite itself is 
exceedingly brittle, one of its leading features, developed in the manu­
facture of black japans and varnishes made from it, is this very prop­
erty of elasticity, attainable in such perfection in no other hydrocarbon 
compound except elaterite and wurtzilite. 

Dana, und\)r elaterite, in remarking upon tbe results attained by the 
authorities which he consulted, states that this substance "appears to 
be partly a carbohydrogen near ozocerite and partly an oxygenated 
insoluble material." This statement becomes of special interest when 
it is observed that the two materials occur in Utah in localities not very 
far removed from each other; much nearer than are the localities of 
ozocerite and uintaite. 
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The viscous compounds stand between the solid asphaltum on the 
one hand and petroleum on the other. ''The fluid kinds," observes 
Dana, "change into the solid by the loss of volatile matter by a process 
of oxidation, which is said to consist first in the loss of hydrogen and 
finally in the oxygenation of a portion of the mass." The intimate 
relations in the manner of occurrence between the lighter gaseous 
hydrocarbons and petroleum are well known. 

The distinguishing features of the substances in Table II are suffi­
ciently familiar not to require special explanation. 

RESEMBLANCES AND DIFFERENCES BETWEEN THE ASPHAL­
TITES. 

Albertite, grahamite, and uintaite, forming the group of asphaltites, 
are very closely related to one another in composition and mode of 
occurrence, but are yet distinguishable by their behavior toward sol­
vents, by the action of heat upon them-their fusibility, so called-and 
by one or more of their other properties. The following table. of 
resemblances and differences ·has. been in the main compiled from such 
authorities as have been immediately available, including Peckhani, 
Blake, Wurtz, William C. Day, Dawson, Hitchcock, and others. The 
writer has also added the results of his own observations in the field. 

ANALYSIS OF UINTAITE. 

Uintaite is at present under analytical investigation by Dr. William 
C. Day, of Swarthmore College, Pennsylvania. From a published 
account 1 of the results thus far obtained by him the following extracts 
have been made by way of affording a slight insight into the nature of 
the substance. ·· 

A determination of the volatile matter, fixed residue, and ash gave: 

Propot·tionB of volatile matter, fixeclt'CBidue, and aBh in wintaite. 

Per cent. 

Volatile matter..................................... 56.46 

Fixed residue ..... -----· ........ ----................ 43.43 

Ash................................................ .10 

99.99 

Dr. Day says: 
'" 

Working on a larger scale, and distilling a weighed quantity of gilsonite from a 
retort, the following resnlt was obtained: 136.1 grams of gilsonite gave 76.1 grams 

I Investigation of Utah gilsonite; a variety of asphalt, Dr. William C. Day; Jour. Franklin Inst., 
Vol. CXL. No. 837, Sept., 1895. . 
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of distillate. The percentage of volatile matter is thus 55.9. Comparing this result 
with that above, it is evident that all the volatile matter is condensable. 

He also gives as a result of his observation the following percentage 
composition of gilsonite (uintaite): 

Elementary compo8ition of uintaite. 

~·---------------------------------------~I I ~;:r~gen .................... ---- ...... .... .... .... 9. 96 

I 
Sulphur.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 32 

I ~~;;- ;,;.~ ;,;;;;;.,;; (;;.;~;;;;:.;;;,;;;; ::::::::: :::: --- -- : I 
100.00 . 

. . 
In concluding this paper Dr. Day observes: 

.As a result of the present investigation, a method of obtaining from gilsonite a 
number ·of acids has been outlined. lly further study of those acids and their deriv­
atives a knowledge of the hydrocarbons present in the mineral may be gained. The 
distillation experiments have shown that a number of radically difi'erent series of 
hydrocarbons is obtained, and that the paraffin series is one of them, and very prob­
ably, also, the naphthene series is another. No aromatic hydrocarbons appear to be 
present, or at most only in small quantity, as in no part of the wo~·k have deriva­
tives of these bodies suggested themselves. Conclusions drawn from distillation 
products of a mineral hydrocarbon as to the constitution of the latter are neces­
sarily unsafe, on account of the decompositions which take place during the dis­

·tillation. :Much safer conclusions may be drawn from products obtained without 
distillation from the original material directly by the action of reagents such as 
nitric and sulphuric acids. 

GEOLOGY OF THE UINTA BASIN. 

TOPOGRAPHICAL FEATURES. 

The Uinta Basin has a general altitude of 5,000 to 6,000 feet and an 
entire length from east to west of about 170 miles, extending from the 
Wasatch Mountains to the White River Plateau, 60 miles east of the 
Colorado-Utah line. The maximum distance across the basin, north 
and south, is a little over 100 miles, and is practically coincident wit.h 
the llOth meridian. On the north the basin is confined by the anti­
cline of the Uinta Mountains, the peaks of which rise to nearly 13,700 
feet; by the eastward continuation of this range, the Yampa Plateau, 
between 8,000 and 9,000 feet in 'altitude; and by the Danforth Bills, 
which form the divide between the head waters of the White and Yampa 
rivers. On the south the basin is limited by the summit of the Roan 
or Book Plateau, a monoclinal ridge which beyond r;verlooks the val-

·leys of the Price, Green, and Grand rivers, tributaries of the Colorado, 
and presents to them for nearly 200 miles a bold and almost continuous 
cliff having a general height of between 2,000 and 3,000 feet. Locally 
the cliff may be broken along formation lines by benches a mile or more' 
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in width, the result of differences iu material and texture between the 
several series of rocks. Such benches may become the sites of grassy 
parks, always with more or less timber. 

The interior of the Uinta Basin is a comparatively shallow depres­
sion, the axis of which lies nearer the northern side. The several 
Eocene·Tertiary formations involved in its constitution, consisting of 
soft sandstones, argillaceous shales, and thin-bedded limestones, have .. 
been irregularly eroded into ·lofty tables, mesas, ridges, buttes, and 
spires, presenting in general a scene of much desolation and decay. 

Green River divides the basin into east and west halves, and l1as cut 
for itself, except for 15 to 20 miles across the center of the depression,· 
canyons from 1,000 to 3,000 feet deep, wholly impassable except by boat 
at great risk. In the center of the basin this stream receives from the 
east and west, respectively, the White and Duchesne rivers. The 
former, the larger, enters the open valley about 12 miles above its con­
fluence with the Green, after a tortuous course through 70 or 80 miles 
of continuous canyon in the shales and sandstones of the Green River 
and Bridger formations. Along this portion of the stream the bottom 
lands are reduced to a few short, narrow strips at long intervals. The 
valley of the Duchesne River is open for 50 miles above its mouth, the 
bluff's being low and the channel bordered for most of the distance with 
riGh bottom lands from 1 to 2 miles wide. North of this stream the 
uplands, particularly in the vicinity of the Uinta River and Lake Fork, 
afford extensive areas that are both arable and irrigable, and under 
ditch have already given evidence of great productive capacity. Both 

. streams flow comparatively fuli, the water derived from the Uinta 
Range being of great purity. The same conditions prevail in regard to 
Ashley Creek, the valley of which is one of the most fertile of Utah. 
East of the Green River, however, but little water is received from the 
mountains, and the center of the basin becomes almost arid, .in a few 
localities only there being grass sufficient even for light grazing. 

The southern half of the basin, and especially that portion east of the 
Green River, presents a scene of great desolation and decay. Canyons 
with labyrinthine intricacy have been cut to depths of between 1,000 
and 2,000 feet in the backs of the strata forming the Roan or Book 
Plateau, while the intervening ridges are sharp and crumbling, develop­
ing spires and buttes and castellated forms in greatest profusion, all 
seemingly ready to topple to pieces at the first heavy storm. Little 
water is carried in any of these gorges, and this, except at their heads, 
through the sands of their channels instead of as surface flows. It is, 
moreover, frequently impregnated with alkali, which abounds in all the 
formations of the locality. In Indian Canyon, a tributary of Straw­
berry Valley, there are numerous warm springs, which are said to 
remain open all winter. Parks, wt>ll grassed and timbered, and with 
more or less water, may be found at the heads of many of the canyons, 
features that relieve the general barrenness found in other localities. 
Of such canyons as the foregoing the White and Duchesne valleys 
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receive a number, while one of the most rugged in the basin is that of 
the Minnie Maud, which enters directly into Green River from the west, 
15 or 20 miles below the Duchesne. 

THE FORMATIONS. 

DESCRil'~'ION. 

For simplicity the essential characteristics of the formations entering 
into the structure of the Uinta Basin have been placed in tabular form. 

Period. 

Pleistocene ... 

Eocene ..... 

L_ l 
1Largely estimated. 

TABLE IV.-Formations of the Uinta Basin. 

Formation name. 

··-----------·----

Uinta ........... 

Washakie ... _ ... 

Bridger ......... 

-~-

Maxi-
mum 
thick 

ness, in 
feet.' 

25 ..... 

500 to 

1,000. 

200 .•.. 

600 to 

1,000. 

Description. 

Grav el, sand, and clay, according to 

mations from which derived. 

om the Uinta Mountains, a 

arse gravel of quartzite; from 

e Roan or Book Plateau, sand, 

gillaeeous shale, and clay. 

me of the gravei is secondary, 

ving first been a constituent of 

e Eocene. 

for 

Fr 

co 

th 

ar 

So 

ha 

th 

Cong lomerates, sandstone, and 

ale, the first two predominating, sh 

csp ecially toward top. Material 

rived chiefly from Paleozoic 

artzites of Uinta Range and 

mpa Plateau. Prevailing color, 

de 

qu 

Ya 

red to pink, though many of the 

ndstones are a rusty yellow to 

o'vn. 2 

sa 

br 

Silnd stones and shales. Difficultly 

ognizable.3 rec 

Cong lomerates, sandstones, shales, 

I an occasional 1 to 2 foot 

er of wbite limestone. Sanrl­

nes prevail; they are heavy­

deled, somewhat ferruginous, 

d of.gray to rusty yellow and 

anc 

lay 

sto 

be 

an 

cho colate-brown color. Conglom­

te fine. Formation ident.ifiecl 

vertebrate remains, according 

era 

by 

to mvestigators. 
----------

•According to J. B. Hatcher the Uinta of this region is the equivalent of Osborn's Dip!acodon 
elatus beds. 

3 Equivalent to the top of the Bridger, according to some authorities. 
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TABLE IV.-Formations of the Uinta Basin-Continuerl. 

Maxi- I mum 
Period. Formation name. thick- Description. 

ness, in 
feet.' 

r 

Green River._._ . 2,000 -· Calcareous shales and thin lime-

stones. Shales and limestones 

bituminous, locally in a-degree to 

be of eqonomic va.lue. Prevailing 

. 
Eooeno - -~ 

color gray, weathering light. Oc-

caRional thin sandstone layers, 

becoming more prominent toward 

top. Country, deeply eroded. 

Wasatch------·- 1,000to Conglomerates and sandstones in 

1,500. heavy beds. Red color. 

Laramie .... ____ . 1,000 -· Sandstones and shales. Sandstones 

largely predominate. They occur 

in heavy beds; color, yellowish-

gray. Shales gray. Near base 

of formation, workaule coal beds: 

coal, locally, coking; general qual-

i ty, excellent. 

I Montana------ __ 2,000¥ Shales: argillaceous, leaden-gray. 

Occasional limestone concretions. 
I Upper 200 to 300 feet bells more 

Cretaceous._ 
sanely and firmer in outcrop. In 

general of the same appearance 

as elsewhere in the West. 

Colorado_. _____ . 300~. -- Shales: argillaceous, black. Few 
thin limestones. Ironstones. Gen-

I 
ern,l appearance same as elsewhere 
in \Vest. 

l 
Dakota ... _____ .. 500 .. -- Sanrlstones: beavy-beclclcd, gray; 

separated by thin ·shaly layers. 
- Of usual appearance in the West. 

r 

Jura·----··----· 500 to Shales and thin limestones. Former 

700. brilliantlyvariegatetl; l:Ltterdrab. 
Gypsum in heavy local beds. 

""''"""! 
Trias (RedBeds). 2,000 .. Conglomerates, grits, and sand-

stones. Last prevail. Color: 

lower half, red; middle, buff; top, 

white. Few thin limestones. 

Permo-Carbon if- 200 to Calcareous shales an(] argillaceous 

erons. 500. rocks and clays, intervening be-l CMbooif•'{ twoen tho Cool Mo,.ure' =d "'J 
as, conformable to both, and car-ons." 

rying Permo-Carboniferous fossils. 

1 Largely estimated. 
• United States Geological Survey of the Fortieth Pariulel, Clarence King, Vol. I, pp.153-154. 
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TABLE IV. -Fo•·mat'ions of the Uinta RaBin-Continued. 

l>eriod. 

( 

I 

I 
I 

Carbon ifer- I 

ous.' 

I Maxi· 
mum 

}'ormation name. thick-
JIC~s. in 

feet. 1 

Desnription. 

Upper Carbon if- 21000 to Limestones-some layers cherty-

erous. 2,500. and calciferous sa.ndstones vari­

able in thickness. The series pre­

vailingly of heavy limestone at 

base, with varying thin-bedded 

intercalations of lime and sand 

near top, always capped with a 

zone ofhighly cherty Bellerophon­

bearing limestone. Rich in upper 

coal measure fossils. 

w·eberquartzite. 12,000. A series of ~iliceous beds-impure 

san<lstones at east end of Uinta 

uplift, gradually compacted to 

A"h-'.J .................. ! ...... . 

quartzite in western portion of 

range. These beds are interca­

lated with groups of clay shales 

and occasional conglomeratll 

sheets, which contain round, rolled 

Archean pebbles. 

Pure white quartzites, hornblendic 

schists, and hydromica (parago­

nite) schists, richly charged with 

L garnet, staurolite, and minute 

I I crystals of cyanite. 

. --'---------'-----'--------- -----·-
• Largely estimated. 
2Unite~l Stittes Geological Survey of tho Fortieth Parnllcl, Clareueo King, Vol. I, pp. 153-154. 
•United States Geological· Survey of the Fortieth Parallel, Clarence King, Vol. I, p. 43. 

The formations below the I.aramie are, so far as at present known, 
of minor importance in their, relations to the occurrence of the bard 
asphalts, and will be mentioned only incidentally in what follows. 

INTERRELA'l'IONS OF THE 'l'ER'l'IARY AND CRETACEOUS SERIES. 

The Tertiary series, embracing the Wasatch, Green River; Bridger, 
Washakie, and Uinta formations, is wholly Eocene in age. In the rela­
tionship of tl1e several members one with another they l1ave been found 
inuncornformability in many localities, particularly in the Green River, 
Washakie, and Vermilion Creek basins, to the north; in the Uinta 
Basin, however, the evidence of unconformahilities at the different 
horizons is not so pronounced, and, indeed, except in the case of the 
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Uinta along its northern border, the only suggestion of interruption to 
continuity of deposition from base to summit of the series that was 
observed by the writer is a sharp change in sedimentation between the 
several members. But it is to be remarked that the writer's investiga­
tions in this direction were far from exhaustive. 

Between the Cretaceous and Tertiary series, also, along the face of the 
Roan or Book Cliffs, there is no apparent break except in character of 
sediments. Along the base of the Uinta Range, however, evidences of 
unconformity between the two series and within the Tertiary exist in 
force. There is here a most marked overlap of the Uinta upon the older 
formations from Laramie to Carboniferous, the youngest Tertiary rest­
ing in turn against the Upper Coal Measures, the Permo-Carboniferous, 
the Juratrias, and the several members of the Cretaceous. In the ridge 
forming the western rim ofthe Ashley Valley it rests unconformably upon 
different layers of the JJara.mie, with a somewhat indistinct divergence 
in dip, but in passing southward the difference in dip apparently dimin­
ishes and the formations are upturned to nearly the same degree, 50 to 
20°, the dip being west. In Raven Ridge, 30 miles east of Green River 
and south of the Yampa Plateau, according to the observations of the 
Hayden Survey, which were in greater detail than the writer's, the Lar­
amie, at first overlain by the Uinta, is, in passing eastward, separated 
from it by the Wasatch formation. A little farther on, the Green River 
formation appears between the Wasatch and the Uinta, and finally is 
itself separated from the youngest Tertiary by the beds of the Bridger 
formation. The interrelationship of the Laramie and Tertiaries is shown 
on the special map of the region, Pl. LX. 

AREAL DISTRIBUTION OF THE FORMATIONS. 

The Paleozoic series of strata, in uplifted position, form the northern 
rim of the Uinta Basin-the Uinta Range and Yampa Plateau. In 
some instances the Paleozoic is overlain to great altitudes by the Jura­
trias, and in one or two localities even by the Dakota and shaly members 
of the Cretaceous. At all points along the base of the ranges, except 
where overlapped by the Tertiaries; the Mesozoic beds form more or 
less prominent fringing reefs, and in the divide between Ashley and 
Uinta creeks, and in Raven Ridge, 20 miles east of Green River, the 
Tertiaries also are inclined at confliderable angles-20o to 300-shal­
lowing rapidly, however, to the south and west. At the eastern end of 
the Uinta Basin, in the "White River Plateau, the same general condi­
-tions prevail. At the western end of the uasin the geology is more com­
plex, the surface distributian of the formations which here enter into 
the structure of the eastern side of the great Wasatch fault monocline 
having been considerably modified by the presence of er .. uptives and by 
erosion. The southern rim of the Uinta Basin-the Roan or Book 
Plateau-is formed of the Green River, Wasatch, and Laramie strata, 
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which to the south overlook the valleys of the Grand and Price rivers, 
a broad belt of Montana shales lying at the base of the cliffs. The 
Green River series forms the summit of the greater portion of the 
plateau, although occasionally the Wasatch constitutes the divide. 
From here northward to the vicinity of White River and Minnie Maud 
Creek the Green River beds, with dip somewhat steeper than the topo· 
graphic slope, form the floor of the Uinta Basin. 

No line of demarcation between the Green River and Bridger forma­
tions has ever been established, at least in the Uinta Basin, and it is 
uncertain just where one series ends and the other begins. Between 
the well-pronounced shales of the Green River, interbedded with a few 
sandstones, and the heavy, shale-divided sandstones referred by the 

·paleontologist to the Bridger, there ~s a zone in which neither shale 
nor sandstone predominates in any great degree. In general, however, 
the southern line of the Bridger probably lies, for that portion of the 
basin west of Green River, at the summit of the divide between Minnie 
Maud and .Argyle creeks on the south and the Duchesne and Straw­
berry valleys on the north, and in the region east of Green River, at or 
a little south of White River, appearing also in the canyon walls of the 
latter stream. Too little is known of the Washakie formation, con­
sidered, indeed, by many as the upper member of the Bridger, to dis­
tinguish it from the main body of this formation below, and their line 
of demarcation is undefined.! 

The southern line of the Uinta formation, where crossed by the Price 
and Fort Duchesne stage road, lies about 5 miles south of the Duchesne 
River, and pursues a nearly east-and-west direction for its entire length. 
The westward extension of this line, as of the others between the Eocene 
formations, was not traced by the writer, nor has it ever been defined, 
so far as be can learn. It is probable, however, that it continues well 
toward the head of the Strawberry Valley. The eastward extension is 
that determined by the Hayden Survey, and is given on the special map, 
Pl. LX. The northern boundary of the Uinta formation in the western 
half of the field follows closely the base of the Uinta Mountains, but 
in the eastern half, where involved in the uplift of the Yampa Plateau, 
its line of outcrop has been carried by erosion well to the southward, 
away from the base of the range. IIi the region of .Ashley Valley and 
Green River its outcrop and the outcrops of the Laramie and Montana 
pass in a sweeping curve around the ends of the older and harder 
Paleozoic and Mesozoic measures constituting the :mountain proper 
and its. immediate foothills;_ Farther to the east, in the region of Raven 
Park, by still another fold, in the southern face of the Yampa Plateau, 

'Between the description here given ancl the outline of the Bridger formation on the special map, 
Pl. LX, a wide discrepancy exists. The map gives the results and conclusions of tho Hayden Survey. 
In this text the delimitation of the Bridger is based upon the statements of Mr. J'. B. Hatcher, of 
Princ~ion College, who has, with o.thers, made a somewhat careful (;3xamination o( the Eocfjne ~auna 
of the Uinta Basin. In both cases the stmtigraphy is the •arne, the only question hehigthe.horizonat 
which to place the line between the Green River and Bridger series. 
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now combined with a supplemental flexure in the Cretaceous and Ter­
tiary beds immediately south of it, the outcrop of uplifted, southward­
dipping Tertiaries is carried in the high Raven Ridge a distance of 15 
or 20 miles to the south, to be regained in a northerly direction in the 
angle between the Yampa and White River plateaus. In the supple­
mental fold referred to the Laramie has a sharp, quaquaversal dip about 
a center of Montana, and possibly even of Colorado, shales. 

Another quaquaversal, on the East Fork of Evacuation Creek, 5 or 
10 miles above its confluence with the West Fork, presents a center of 
Wasatch, the Green River beds encircling it with lofty cliffs of the same 
general character as the Book Cliffs. 

STRUCTURE. 

The geological structure of the Uinta Basin has been quite fully set 
forth in what has already been said, but it is desirable to bring together 
under a single section the chieffeatures. The basin is a syncline, with 
a major east-and-west axis about 170 miles in length, and a transverse 
north-and-south axis 75 to 100 miles long. The depression, except at 
the very rim on the northern and eastern sides, is gentle, with only 
occasional local crumples, the most important observed by the writer 
being the Split Mountain fold, the quaquaversal on the East Fork of 
Evacuation Creek, and the Raven Park fold. The fact that the entire 
Eocene series has been brought under the action of the forces causing 
the formation of the basin is evidence that the generation of the Uinta 
and Wasatch ranges and of the Yampa and White River plateaus was 
not completed till after the close of Eocene time. 

Faulting of great importance occurred on the flanks of the high ranges 
bordering the basin on the north, east, and west, but in the develop­
ment of the central portion of the basin no displacements greater than 
8 or 10 feet seem to have occurred. On the southern slope of the Roan 
or Book Plateau, beyond the confines of the basin proper, a throw of 
75 or 100 feet was observed by the writer in the vicinity of the mines 
of the Wasatch Asphaltum Company, northwest of Clear Creek Sta­
tion. This was the maximum displacement found in the Tertiary area. 
Of the fractures in the center of the basin, it is a noticeable fact that 
all discovered have a lateral rather than a vertical displacement. · In 
one or two localities slight displacement along a stratification plane 
has also been observed. 

But if faulting with displacement is at a minimum, the basin is never- · 
theless the seat of a large number of moRt remarkable vertical craeks, 
now filled with uintaite (gilsonite), from one-sixteenth of an inch to.18 
feet across, and in length from a few hundred yards to 8 or 10 miles. 
Their walls are smooth and regular, they show but the slightest undu-· 
lation, and between the strata on opposite.sides not even the slightest 
displacement can be detected. The cracks have a direction varying 
between N. 350 W. and N. 55.0 W., and excep~ for an occasional short,, 
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sharp, transverse throw are peculiarly straight in trend. In some locali· 
ties they appear to be approximately parallel with the strike of the 
strata and the trend of the main flexures in the ranges and their foot· 
hills; in others, they cut the strata diagonally to the strike. On this 
account there is not everywhere suggested a connection in their genesis 
with the broader structural folds. Again, none of the cracks shows 
the irregularities of fissures formed by the tearing asunder of strata 
along the axis of an anticline, nor are there the slickensides occasioned 
by the rubbing together of the walls in displacement. The termina-

. tion of a crack, either in outcrop or vertically, is by the gradual 
approach of its two walls. An actual instance was observed in the 
Black Dragon veiri on the West Fork of Evacuation Creek (fig. 31). 
From the nature of these cracks, however, the surface extent of a 
vein does not necessarily indicate its extent below the surface, for at 
a depth the fissure may continue far beyond its length of outcrop, or, 
on the contrary, may fall considerably short of this. 

Figs. 27 and 30 also present another feature of common occur­
rence in veins of uint~ite, namely, included fragments of country rock. 
These vary in size from a piece 2 inches across to one wl1ich might 
be regarded as locally splitting the vein in two. Occasionally separa­
tion from a wall is not complete, the fragment lying at an angle with it 
still attached-perhaps even to both walls ( d, fig. 27). All the fragments 
observed by the writer were of the same material as the undisturbed 
stratum opposite which they were found, indicating that the distance 
traversed by them was slight. 

It is not uncommon that from a fissure there spring one or more 
lateral cracks (cc, fig. 27), making with it a very acute angle, and at 
their points of departure from one· fourth of an inch to 1 foot in width. 
They usually run to a point within. a few feet, though the wider are 
somewhat the longer. These minor cracks show the same clean sides 
as do· the main large fissures, the narrow portion of the rock between 
also being sharp of outline. 

The origin of the cracks now filled with uintaite is, so far as our 
present knowledge avails us, still in doubt. They may have been 
produced in the gentle folding that took place in the formation of the 
Uinta Basin syncline, the strata being torn asunder from below upward 
instead of, as in an anticline, from above downward. 1 

A theory that has been suggested by Mr. Henry Wurtz 2 in explana­
tion of a very similar crack, filled with grabamite, in West Virginia, is 
that it may possibly be a shrinkage fissure. But in the Uinta Basin, 
with the exception of an occasional warm spring, there are no especial 
evidences of former beat which, followed by cooling, might have served 

I For an instance of asphalt filling a crack along the axis of a gentle anticlinal fold (dip 4° and 14° 
on eitl;Ier side), see account of grahamite In the IIausteca, Mexico, by J, P. Kimball: Am. Jour. Sci. 
3d series, Vol. XII, 1876, p. 282. 

•On the grahamite of West Virginia and the new Colorado resinoid, by Henry Wurtz, of New 
York: Proc. Am Assoc. Adv. Sci., Vol. XVIII, 1869, p.125. 
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to induce shrinkage. Of "these two theories, therefore, the ~riter is 
inclined to the first, the origin from the gentle folding that produced 
on the broader scale the syncline itself, the strata not being sufficiently 
yielding to withstand eyen this comparatively small strain. If this is 
correct, the cracks may extend to a considerable depth, perhaps several 
thousand feet, and would have a tendency to widen in their flescent, at 
least for a distance, unless occupied by rock masses squeezed in from 
the Side. 

DISTRIBUTION OF UINTAITE AND ALLIED HYDROCARBONS IN 
THE UTAH FIELD. 

The area in which uintaite (gilsonite) and its associates of the hydro­
carbon series, wnrtzilite, elaterite, ozocerite, and maltha, the asphaltic 
limestones and sandstones, and a great series of bituminous shales are 
found lies in eastern Utah and just beyond in the western edge of 
Colorado. It is included between the meridians 108° 45' and 111 o 30' 
W. and the parallels 39° and 40° 30' N., in all perhaps 10,000 square 
miles, and is in the main coincident with the western half of the 
topographic depression known as tbe Uinta Basin. 

Within this area uintaite (gilsouite) is, so far as at present discov­
ered, confined to the Uncompahgre Indian Reservation and its imme­
diate vicinity. Tbe elaterite or wurtzilite deposits lie chiefly in the 

. southern portion of the Uinta Reservation, only one or two localities 
being reported beyond its border. The ozocerite occurs in the vicinity 
of ·soldier Summit, a station on the Rio Grande Western Railway, on 
the divide between the waters of Green River and those of the Utah 
and Salt Lake Valley. Maltha is reported at a 1mmber of isolated 
points within the area, notably in the divide between Spanish Fork and 
Strawberry Creek, 10 to 15 mi~es north of Soldier Summit, and in the 
region of Emma Par};:, northeast of Castle Gate. The asphaltic lime­
stones thus far exploited occur in the southern spurs of the divide 
between Strawberry and Soldier ereeks, about 7 miles northwest of 
Clear Creek Station (Tucker P. 0.). The asphaltic sandstones outcrop 
in many of the valleys, notably the .f\_shley and Nine Mile; and the 
bituminous shales and limestones are broadly distributed. 

THE VEINS. 

APPEARANCE OF UlNTAI'l'E IN THE VEIN. 

Uintaite (gilsonite) is a blaek, tarry-looking substance of most bril­
liant. luster, normally of absolutely homogeneous texture, and exceed­
ingly brittle. Its fracture is coarsely conchoidal. In mining it gives 
off a fine, chocolate-brown dust, most penetrating to skin and lungs. 
Sufficiently near the outcrop of the vein to be influenced by atmos­
pheric agencies, it loses its brilliant luster for a dead-black surface, 
but a frt:~sh fracture, no matter in how small a particle, shows its 

17 .GEOL1 P'l' I--59 
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brilliancy still present, indicating a change to an inconsiderable depth 
only. Under atmospheric influences, also, uintaite shows a fine colum­
nar structure at right angles to the walls of the vein and to a distance 
of about G inches from them. This structure has been recognized by 
Wurtz, Lesley, and others in grahamite, and by Lesley is called ''pen­
ciliate." In addition to the columnar, there may be developed a cuboidal 
structure, in some instances by a further transverse separation of the 
pencillate rays; in others independent of these. In the upper 10 or 15 
feet of a vein the latter structure not infrequently prevails through a 

R.l E. Uinta Mer: R.ZE. 

N 

l 

A-A,veln of uintaite Scale --Roads 
0..__ _ _,_1 __ ..:;i:MILES 

FIG. 26.-Sketch of region about Fort Duchesne, Utab. 

large proportion of the uintaite, shading laterally into the two pencil­
late zones at the ~ides. It would seem quite probable that this struc­
ture, pencillate and cuboidal, is inherent in the material, having 
originated perhaps immediately after its injection into the fissure from 
cooling or from pressure. 

The walls of the uintaite veins are usually impregnated with the min· 
eral to depths of from 6 inch~s to 2 feet, though the shales, on account 
of their close texture, do not permit this to such a degree as the sand­
stones. The line between the impregnated and nonimpregnated por­
tions of the wall rock is usually somewhat indefinite, but instances are 
not wanting of the sharpest demarcation. 
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LOCALITIES OF THE VEINS. 

The region in which the uintaite (gilsonite) veins are found is the 
northern half of the Uncompahgre Indian Reservation, extending 
slightly beyond its borders both on the east and west, 
in the former direction 4 or 5 miles into Colorado. The 
larger veins are somewhat scattered, one lying about 
3~ miles due east of Fort Duchesne, a second in the 
region of Upper Evacuation Creek, and the three others 
of chief importance in the vicinity of White River and 
the Colorado-U tab line. Besides these, there is a 14-
inch vein crossing the western boundary of the reser­
vation in the vicinity of the fortieth parallel; another 
of equal size about 6 miles southeast of the junction of 
the Green and White rivers; a third in a gulch 4 or 5 
miles northwest of Ouray Agency, west of the Du­
chesne River; and a number from one-sixteenth of an 
inch to 1 foot in thickness in an area about 10 miles 
wide extending froni Willow Creek eastward for 25 
-miles along both sides of the Green and White rivers. 
The locations of these veins are all shown on the gen­
eral map of the Uinta Basin (Pl. LIX). 

THE DUCHESNE VEIN. 

For convenience, the vein lying 3 miles east of Fort 
Dechesne may be designated by the same name as the 
post. This vein has been worked for several years and 
is opened to a depth of 105 feet, but at the time of the 
writer's visit was accessible only to a level 65 feet 
beneath the surface. The superficial strata are of the 
Uinta formation, and consist of heavy bedded sand­
stones and shale·s having a gentle northward dip of 50 
to 10°. The manner in which the uintaite occurs and 
its appearance in the fissure are the same as given 
above for the veins in general. 

The vein is vertical and has a N. 400 W. trend. It 
is traceable for about 3 miles. A width of from 3 to 4 
feet is maintained for a length of about 1~ miles along Fm. 27.-Diagram 

the middle of the outcrop, but beyond this, in either ;::t:~~! !~et~:"";;~ 
·direction, it gradually diminishes to complete disap- chesneveinin place. 

Pearance. The Duchesne vein shows an occasional Not drawn to scale. 
a, Included fragment 

short transverse fault (bb, fig. 27), the planes of which of sandstone. bb, 

may differ in trend and dip, but in the two or thre~ in- Fault. cc, Lateral 
cracks. d, Cross 

stances observed by the writer were inclined to the east- course of sandstone. 

ward 75° or 80° with the horizon. The throws, none e, Country. 

over 8 inches, cmise little disturbance to the vein other than a direct 
crack across the filling. Near the northern end of the present workings, 
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in a surface trench, the vem displays several included fi·agments of wall 
rock completely surrounded by asphaltic inaterial (bb, fig. 28). Another 

. feature, perhaps of especial significance in the origin of these veins, is 
the diagonal course of country rock (a, fig. 27), dividing the vein in two 
at a level near the present surface of the ground. It is quite probable 
that this diagonal course of sandstone will disappear in depth and 
the vein then become continuous. This is apparently an instance of a 
rent in which the crack was interrupted by a fragment of rock which 
was not wholly severed from either wall in the rending. 'L'he walls 
of the Duchesne vein are well defined, though their planes wave 
slightly both on the trend and in depth. Several openings, surface 

~..,IG. 28.-Cross section, Duchesne vein. 

cuts and shafts, have been made, 
which show the character of 
the deposit for nearly its entire 
length. 

The St. Louis Gilson Asphal­
tum Company controls the greater 
part of the vein, and has shipped 
a comparatively large amount of 
gilsonite in the five or six years 
in which it has been operating. 
The product,· according to its 
even, homogeneous texture and 
massive character, or its cuboidal 
or pencillate structure and crum­
ling tendency, indicative of alter­
ation from atmospheric influences, 
is divided into fin;t and second 
grades, used in the trade for dif­
ferent purposes or for the manu­
facture of different qualities of 
the same article. 

THE CULMER .AND SF..AROLDT 

VEINS. 

The Culmer and Seaboldtveins, 
a a, Country. b b, l!'ragmeu ts of wall rock. 

of 14 and 12 inches maximum 
width, respectively, cross the western edge of the Uncompahgre Reser­
vation in the vicinity of the fortieth parallel. The veins are parallel, 
the Scaboldt cast of the Culmer about 100 feet. Their general trend is 
N. 350 W., and they have a westward dip of from 8l)0 to 88°. Only the 
Culmer is workable, and this at great disadvantage. 

The outcrop of t!:w Culmer vein has been prospected for a distance 
of about 2 miles from its northern end, but it is said that it may be 
followed southward 2 or 3 miles farther, showing for this portion, 
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however, diminished width. The Seaboldt vein has received less atten­
tion, but so far as known is hardly of a thickness to warrant develop­
ment. The stiperfieia.l rock of the region is gray, green, and purple 
sandstone and shale, probably of the Washakie or Bridger formation. 
The strata strike west-northwest and dip about 5° NNE. 

In their general character the Culmer and Seaboldt veins resemble 
the Duchesne. The uintaite shows the same homogeneity of texture 
remote from atmospheric influences, and near the outcrop the columnar, 
pencillate, and cuboidal structure. Fragments of the country rock are 

.found in it, and thin lateral cracks, filled "'Yith gilsonite, are given off 
from its sides at angles very acute. The compactness of the Culmer 
vein is maintained for the entire le!Igth 
exploiteu, but the Seaboldt, while a 
single body of about 12 inches at tlte 
nortlteru exposures, to the south is 
split in two by 12 to 16 inches of rock. 
Whether these branches again unite in 
the covered region beyond is undeter­
mined. 

The Culmer vein shows a number of 
nearly vertical, transverse faults at short 
intervals, with ofl'sets from 1 to G feet 
each, the portion of the vein south of 
the fractures always being carried west. 
Neither vein nor adjoining country 
rock seems to have suffered especially 
marked fracturing in these displace­
ments. Besi<les the above faults, there 
is one (fig. 29), to be observed at several. 
points along the vein about 8 feet below 
the surface, of which the plane has a 
nortbeast dip of about 8°. Tbe strata 

a 

o.___•--"""e.___3"'"--___.4 FT 
FIG. 29.-Cross sect.ion, Culmer vein. 

a-a, Fault. 

above the fracture have usually been moved upward along the fault 
plane from 6 to 12 inches. Occasionally a throw in the opposite direc­
tion is encountered, though whether on the same plane as the foregoing 
was not clear. 

The product of the Culmer mine is separated into first and second· 
grade on ·the same basis as at the Duchesne. On account of the 
narrowness of the vein, especial care is used in: mining not to dete­
riorate the higher-class material by sand from the walls or by admix- · 
ture with it of the more weathered portion of the gilsonite. The 
second-grade material is sometimes thrown over a coarse sieve or 
screen, by which some of the dirt is removed and the quality thus 
improved. 

The water from the mine is strongly mineralized, rendering it highly 
unpalatable. 
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THE BONANZA .AND COWBOY GROUP. 

(PI~ATE LX.) 

The most important locality of uintaite (gilsonite) is the region imme­
diately north and south of ~White River near the eastern edge of the 
Uncompahgre Heservation. Here are three parallel vertical veins of 
constant N. 55° W. trend, cutting the sandstones of the Bridger forma­
tion and doubtless extending into the shales of the Green River below. 
The strata dip to the northward and the fissures do not seem wholly to . 
have taken the line of strike of the beds, but rather a direction some­
what diagonal to this. The veins are known as the Little Bonanza, 
the Big Bonanza, and the Cowboy, but the two Bonanzas had best be 
known as the West and East, respectively, for at some points the Little 
Bonanza attains a greater size than tlw Big Bonanza. The Little Bo­
nanza is the southwestern of the three, lying about 500 feet from the 
East or Big Bonanza, while from the Cowboy the latter is distant about 
2! miles. None of these veins is exploited, only a shallow prospect ap­
pearing here and there. In general features and in character of filling 
they are like the Duchesne and Culmer veins; the cracks are doubtless 
of similar origin, and the material occupying them is unquestionably 
derived from the same ultimate·source as that in the others. The struc-. 
ture of the uintaite is also the same-that is, it is primarily massive, 
but in the outcrop is pen ciliate next to the walls and cuboidal elsewhere; 
the brilliant luster, too, is replaced in the outcrop, except on a fresh 
fracture, by the dull black of a surface long exposed. So far as at 
present knQwn, the greatest widths of the veins are attained north of 
White River, to the south being reported considerably less or the vein 
as having never been discovered. 

North of the river both the West (Little) and East (Big) Bonanzas 
may be traced from the canyon slopes northwestward a distance of 
fully 3 miles. They vary considerably in width within this length, but 
both are probably of workable thickness at all points. Near the sum­
mit of the ridge extending along the White River canyon on the north, 
the West or Little Bonanza attains a maximum observed width of 10 
feet 6 inches, but the greater part of the vein to the northwest shows 
a width somewhat less, perhaps an average of 4 to 5 feet. The Big or 
East Bonanza, in the crest of the ridge just mentioned, is but 7 feet 6 
inches wide, attaining its maximum observed width, 13 feet 6 inches, in 
a little hill about a mile north, just east of the road leading from Coy­
ote Basin to Wagon Ax. Both Bonanzas cross this road, and are easily 
traceable to another hill a mile northwest, where they again appear in 
prominent exposures. The East Bonanza is here about 8 feet wide, the 
West still of workable thickness. Northwest from this hill their out­
crop is clearly discernible for a distance of between 1 and 2 miles, the · 
broad swath of scant vegetation which everywhere marks the presence 
of the veins being a conspicuous feature of the scene. South of White 
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River, Mr. McAndrews, of the Ouray Agency, states that he has traced 
both Bonanza veins quite to the Colorado line, but that along this por~. 
tion of their length they become much thinner. In Colorado the single 
vein discovered is said to be on the trend of one or the other of the 
Bonanzas, and may prove to be either its continuation or another vein 
originating in an independent crack belonging to the same system. 
The Colorado vein has a length of nearly 2 miles east of the interstate 
line, and has been prospected for this diE;tance and at one or two points 
worked in a small way to a depth of 100 feet. It has a general width 
of about 3 feet. 

The Cowboy is the largest of the three veins in the White River 
region, a maximum width of 18 feet having been observed at the crest 
of the ridge a mile north of the river. In either direction from this 
point it thins considerably, but maintains a width of 10 to 12 feet for a 
distance of at least 2 or 3 miles. Northward its presence is indicated 
beneath the wash of Coyote Basin, just as the road turns for Wagon 
Ax, by the heavy occurrence of gilsonite particles, both in the wash 
and in ant-hills formed of it. This point is immediately north of a 
prominent hat-shaped butte, and is between 4 and 5 miles northwest 
of the point where the vein crossed the ridge north of White River. 
On the southern face of this ridge, across its benches, and in the walls 
of side canyons, the vein is easily traced by swath and outcrop to the 
immediate bluffs of the river, where it is lost in the talus of shale. 
South of White River it is said not to have been discovered, but from 
the nature of the formations its outcrop might easily be concealed in 
their debris, and it should be considered as wanting only after careful 
prospecting. -

The topogra.phy of this region is that of a high body of land cut to 
a depth of 1,000 or 2,000 feet by the narrow gorge of White River, the 
eleva.ted region south of the stream being deeply indented with lateral 
canyons and excessively rugged; that north but slightly indented, and 
presenting at its top a broad area of rolling hills upon an otherwise 
flat table. The region north of White River is therefore of a nature to 
render the veins easy of access and readily worked, except for water, 
which would have to be raised mechanically from the river, and for 
fuel, which in a short time at furthest could be obtained only at a 
distance of 15 to 50 miles. Any settlement would for convenience be 
located in the narrow bottom along the stream. From the river canyon 
any of the veins could probably be reached by tunnel at comparatively 
slight expense, while shafts would be required on the plateau. But as 
the plateau north of the river would doubtless be the location of a 
railroad, rather than the almost impassable canyon with its crumbling 
walls, the shaft method would, for this portion of the field at least, be 
adopted, tunnels being used for drainage only. South of the river, on 
account of conditions of transportation as wen as of water, mining 
could be prosecuted only at a disadvantage compared with operations 
on the north side. 
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The openings in Colorado are located on the crest and eastern slope 
of the ridge dividing Evacuation Creek from the waters running 
directly into Wbite River and tbe streams fartber east. They are at 
present reached by road from Rifle to Meeker, thence down White 
River to Dripping Rock, a few miles east of the interstate boundary, 
and from here by a specially constructed road up a tributary to tlw 
south 9 miles, a total of 125 miles from Rifle. 

'l'llE BLACK DRAGON VEIN. 

The Bla,ck Dragon vein is located in the region of Upper Evacuation 
Creek. The southern end· of its outcrop is in a canyon tributary to 
that of the West Fork of the creek, the first of importance ab'Jve the 

confluence of the latter with the East 
Fork, a distance of about a mile. 
From this point, which is within a 
half mile of the Colorado line, the 
vein was traced by the write·r nearly 
a mile well toward the summit of 
the ridge separating Evacuation and 
Asphalt creeks, and it is said by 
Mr. McAndrews to extend into some 
of the upper tributaries of the lat­
ter stream, in all a d1stanee of 3 or 4 
miles from its southern end, main­
taining for the entire way a workable 

. thickness, though somewhat thin­
ner than the exposure in the tribu­
tary of the West Fork of Evacuation 

o 4: SF'!' Creek. Considerable prospecting 
bas been done on the vein near FIG. 30.-Cross section, Black Dragon vein, 

Evacuation Creek, upper prospect. a a, Coun· its southern end, and the largest 
try. bb, Horse. co, Fault. cut shows a clean breast of uintaite 

8 feet 6 inches across. The walls are vertical, and whether of saud, 
stone, limestone, m· shale, are impregnated with the asphalt from 1 to 
3 feet from the vein. The columnar, or pencillate, structure is devel­
oped in the asphalt to a depth of 6 inches from either side; the center, 
the remaining 7 feet, except at the very surface, showing the usual 
struetu.reless, homogeneous mass, of coarsely conchoidal fracture and 
brilliant black luster. A.t a prospect a few hundre1l feet above the 
main opening on the vein the conditions shown in fig. 30 were found. 
The horse (bb), 2 feet of sandstone, evidently derived from the wall 
opposite, was, like it, completely impregnated with the uintaite, which 
showed on a minute scale the same physical properties, fracture, etc., 
as the material in mass. · The vein here also shows a sharp horizontal 
displacement (co) of 8 inches, the portion above having moved to the 
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tiortheast. Although somewhat concealed from view at the l~ne of 
fracture, the vein seemed to afford in the more exposed portions· but 
little evidence of actual crushing. On the southern side of the gulch 
in which the foregoing observations were made, within 150 or 200 yards 
of the openings referred to above, the very southern end of the vein, 
at least at the outcrop, l'!hows in a low clifi' of sandstone precisely as 
sketched in fig. 31. From its appearance it gives evidence of continu­
ing in depth beyond this point, the apex of the vein sinking to the 
southeast. 

The vein bas au approximately N. 55° to 60° W. trend, is vertical, 
and cuts the lower portion of the Green River beds, sandstones, shales, 
and limestones, among tl1e latter being some fine 
types of oolitic structure, so characteristic of 
the lower part of this formation. In passing 
through these seve~al beds, different as they are 
in texture, the walls of the crack seem to have 
been but. little disturbed in their regularity, pre" 
senting everywhere an almost perfect plane. 
The strike qf the beds is here approximately 
northeast-southwest, the dip 5° NW; The posi­
tion of the vein is advantageous to economical 
working, in that a drift from the bottom of tlle 
valley wl1ere exposed would pass at least 700 to 
1,000 feet below its highest point of outcrop. 
Timber is more convenient here than at points­
on White River. but water is in minimum 
quantity. 

In the same cliff in whicll is exposed. the sec­
tion of the southern end of the Black Dragon 
vein, and parallel with the latter in strike and 
diu, are two bodies of dark-gray sandstone that 
would at first sight be taken for vertical dikes 

0 4FT in the lighter-gray sandstone of the cliff. Fig. ,.___;__..:;::___,:__~ 
Fw. 31.-Terminal cross sec-

32 represents one of these bodies. They prove, tion at outcrop or mack 

however, on close examination, to be simple :w11es 
of the ordinary sandstone, impregnated with uin­
taite to a remar~ably uniform distance on either 

Dragon Yein, EYacuation 
Creek. a a, Country. 
b b, Fragtnent~ of wall rocko 

side of a median crack now tightly closed, but with a thin film of the 
aspha,ltic mineral here and there along it. The total width of each zone 
is 18 inches, one-half on each side of the median crack. 'f'he di~tance 
between the zones is I) feet, and the eastern one is also I) feet from the 
uintaite vein. These impregnated bodies pass upward beyond the end 
of the vein of uintaite, but they were not traced out. The preeise man­
ner in which their impregnation took place is difficult to surmise. The 
median crack would seem to indicate at least a possibility of its hav­
ing once been opened, furnishing a channel for tile asphaltic material, 
and then closed, the uintaite passing into the walls to a surprisingly 
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regular depth. Evidence that such is the case exists in the lateral con-. 
tinuation of the laminre composing the heavy bed of sandstone from 
the unimpregnated portion to the impregnated, even plant impressions, 
which occur in quantities between the laye~·s, being found half in the 
impregnated and half in the unimpregnated part without interruption 
in continuity. 

CONDI'l'IONS OF IMPREGNA'l'ION. 

The condition in which the gilsonite found its _way into the veins 
seems most probably to have been that of a plastic mass, coming from 
below under pressure, and, although of high viscosity, sufficiently fluid 
to be pressed between the grains constituting the wall rocks, whether 

0 

c 
of sandstone, shale, or limestone. As to the 
fragments of country rock in the veins, it is to 
be remarked that they are often entirely free 
from the walls, surrounded with uintaite. They 
are heavy, and, but for a supporting medium, 
when torn from the walls must have fallen to 
the bottom of the crack, or at least lodged at 
points far below their original position. They 
woulrl hardly have been carried to the very 
apex of the fissure, as seen in the section of the· 
southern end of the Black Dragon vein. It 
would seem, therefore, that in the formation of 
a fissure it must have been almost instantly 
:filled with the plastic asphalt, and that the 
pieces of wall rock, more or less sepamted from 
the sides, hanging by mere threads, as it were, ' 
were caught in the rising current of uintaite 
and so carried a short distance from their origi­

z 3 4FT. nal places. The larger fragments, the horses, 
FIG. 32.-Cross section of a which also OCCUpy positiOnS isolated from the 

uintaite.filled sandstone hav- walls, it is difficult to conceive as acquiring. 
ing a,ppearanco of dike. 
aa, Country. bb, zone im. their position in any other way than that sug-
pregnatell with gilsonite. gested, and it must be due to the rapidity with 
c c, ¥edian crack. which the asphalt hardened, as well as to its 

viscosity, that they did not sink to the bottom in a medium which is so· 
different in specific gravity. 

The writer frankly confesses his lack of ability to suggest the condi­
tions under which the uintaite (gilsonite) existed prior to its flow into 
the cracks. 

THE COMPARATIVE OCCURRENCE OF RELA'l'ED HYDROCARBONS. 

Grahamite and albertite, the hydrocarbons closely related in chemical 
constitution to uintaite (gilsonite), occur also in very much the same 
way. This is especially the case with grahamite, as shown in the two 
localities where it has been studied, namely, in Ritchie County, W.Va., 
about 20 miles southeast of Parkersburg, and in the Huasteca, in the 
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northwestern portion of the State of Vera Cruz, J\'Iexico. Albertite is 
also reported with the grahamite in the same Mexican locality, but the 
best-known occurrence is in the Province of New Brunswick, where 
the mineral fills a crack of displacement along the axis of an anticline. 

Dr. Henry Wurtz has published an account of his examination of 
the West Virginia vein,l a summary of which follows: 

The structure shows four distinct, though somewhat irregular, divisional planes, 
having a general parallelism with the walls. Next to the wans the structure of the 
mineral is coarsely granular, with au irregularly cuboidal jointed cleavage, very 
lustrous on the cleavage surfaces; that iu immediate contact with the walls usually 
adhering thereto very tenaciously, as if fnsed fast to the granuln.r sandstone. 

Next these two outside layers, which are very irregular and from 2 to 3 inches or 
more in thickness, is found, on each side of the vein, a layer averaging from 15 to 
16 inches in thickness, which is composed of a variety highly columnar in structure 
and very lustrous in fracture, the columns being long and at this place at right 
angles to the walls. It is this variety that was given to Professor Lesley, as would 
appear from his description. Finally, in the center of the vein, varying in thick­
ness but averaging· abont 18 inches, is a mass <lifl'ering greatly in aspect from the rest, 
being more compact and massive, much less lustrous in fracture, and with the col­
umnar structure much less developed, in places not at all. The fracture and luster 
of this portion of the vein are clearly resinoid in character. 

The general aspect of the mass, as well as all the results of a minute examination 
of the accompanying phenomena, lead irresistibly to the conclusion that we have 
here a fissure which has been filled by an exudation, in a pasty condition, of a resi­
noid substance derived from or formetl by some metamorphosis of unknown fossil 
matter contained in deep-seated strata intersecte<l by the fissure or dike. It is not 
necessary to suppose a degree of fluidity greater than that of semifused pitch or 
inspissated tar. Such a soft doughy mass, though flowing but slowly, would in 
time be forced by a very moderate pressure into every portion and into every crevice 
of the fissure. The peculiar structure described is such as would result from the 
fissuring of a fused or semifrisecl VIscous nlass by the refrigeration produced by 
contact with the cold, and, it may be, wet walls of tho fissnre; the outsiue granular 
layers being due to rapid cooling, and the columnar fracturing at right angles (or 
nearly so) to the walls (as, for example, in the case of a dike of columnar basalt) to 
a more gradual reduction of temperature, connected, without doubt, with the well­
known tendency of such materials as are snsceptible of the vitreous or viscous 
fusion to assume in time a concretionary or nodular structure. 'l'his tendency is 
strongly apparent in the brilliant variety, having producecl multitudes of those 
curious markings on fissured surfaces which were mistaken in the· case of the albert­
ite for foBBil impreBBionB. Tho transverse columnar structure is called by Lesley 
"pencil cleavage.'' 

Toward the extremities of the outcrop, where the sheet of mineral is thinner, 
this pencillate structure extends 'throughout the mass. 

In sinking a small shaft here, 28 feet deep, Mr. J. Carville Stovin, the engineer in 
charge at the time, found a detached fragment 3t feet long of the north wall of 
the dike embedded in the mineral 24 inches distant from said wall and 29 inches 
vertically below the hiatus in the wall, marking its point of detachment; while 
exact measurements, both of itself and of the cavity left (on removing the mineral 
which occupied its original space) showed that it had become entirely inverted in 
position during its descent. The pitch-like semifluidity which I have contended for 
is here strongly illustrated by the small depth of descent oft,his mass of quartzose 
sandstone through a material whose density could not have been half of its own; 
while its distance from the wall and inverted position suggest that at the time of its 

1 On the grahamite of West Virginia and the New Colorado resinoid: Pror. Am. Assoc. Adv. Sci, 
for 1869, Vol. XVIII, p. 124. 
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detachment the dough-like mass was still rising, or in some sort of motion at least, 
in the dike fissure. 

I myself observed similar horses of the wall rock, of small size, similarly embedded 
in the mineral at several points. 

The horizontal extent of visible outcrop actually measured by me was 530 fathoms, 
thinned out at east end to 30 inches and at west end to 8 inches; but as these points 
were at least 70 to 80 fathoms vertically higher than the bottom of tne ravine, the 
width (averaging about 50 inches) at the latter depth points to a rapid widening of 
the fissure in descent. 

The occurrence of grahamite at the Cristo mine, in the Huasteea, 
Vera Cruz, Mexico, has been described by Dr. J.P. KimbalJ.I Follow­
ing is a summary: 

'l'he deposit consists of two continuous parts, the one occupying a nearly vertical 
fissure traversing the fossiliferous shales and tho other part conformably overlying 

FIG. 33.-Section grahamite vein, in the Huastoca, 
~fexico. 

these shales, which are slightly in­
clined. We have here the phenomena, 
first, of a deep-seated fissure trans­
verse io the bedding of the form:1tion 
and filled out with grahamite; aml 
second, a nearly horizontal and origi­
nally superficial deposit of the same 
materi:1l overspreading tho shale for­
mation for a limited distance from the 
fissure. The latter occurrence is an 
overflow from the fissure, anrl, as it 
lies between the two formations, is to 
be referred to a period subsequent to 
the deposition of the shales and be­
fore the conglomerate was spread upon 
them in the form of pebbly detritus. 
It thus· happened when the shales 
formed the surface at this point, just 
as asphaltum is now commonly formed 
upon the 'surface, as a residuum from 
the evaporation and oxidationofliqnid 
or pasty malthas issuing from slug­
gish springs or oo:dng from more ex­

tended sources, as from a certain stratum or rift in the rocks.· 
The vein occupying the fissure has a columnar structure transverse to its sides 

and shrinkage partings or joints parallel to its sides. It has thus far proved remark­
ably homogeneous in structure and free from admixture of rock or clay. Its dip is 
64° to the west. Near the point where it passes out of sight nuder the river bed it 
is joined at an acute angle by u narrower and tapering vein, of which the maximum 
width is 9 inches. 

The fissure occupies the axis of a gentle anticlinal, wit.h a dip of 14° '\V. on the 
west side and of'4° E. on the opposite side. As the overflow conforms to the steeper 
dip, it appears that the fissure must have been made at the 'time of the elevation of 
the shales, and soon afterwards filled with asphaltum, which continued to form 
after it had been filled. That no great period was required for this operation is 
shown by the fact that the overlying conglomerate also conforms to the stratifica­
tion of tho sha.les us well as to the outline of the overflow of the grahumito locally 
intervening 

The occurrence of such a fissure in shales, so imperfectly hardened and so easily 

'.A.m. Jour. Sci., 3d series, Vol. XII, 1876, p. 277. 
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weathered, affords another proof that the filling of the fissure immediately followed 
its formation-that is, after the emergence of the shales and before the deposition of 
the overlying alluvium. 

Concerning the source of the filling of this fissure, the grahamite, 
Dr. Kimball remarks: 

The sand!ltone formation is the source of a number of deposits of chapapote or 
asphaltum. Numerous deposits are said to occur north of the Pannco River. One 
deposit which I visited is found on the Tanelul ranch, occupying an elevatefl basin 
or cul~de-sac betweeU: two hills of the Alacranes range, hero forming the bonndary 
of the Capadero Valley. The point is some 2t leagues east of the Cristo mine, and 
directly in range with the course of the Cristo fissure as far as traced. The chapa­
pote has accumulated from the evaporation of liquid maltha, "'hich now issues in 
the form of ·a sluggish spring, with a number of orifices. Here may be witnessed 
the same process by which the above-described overflow of the Cristo mine was 
originally formed. The source of the chapapote spring is the sandstone above men­
tioned, on which rest the grahamite-bearing shales of the valley below. It thus 
appears that the uplifted portions of the underlying sandstone are at present the 
source of chapapote springs depositing that mineral substance npon the surface. 
Ancient, and perhaps more copious, springs of the same killll issnell from the 
depressed portions of this formation and forced their liquid maltha into the fissures 
and lesser interstices of the overlying shale, which, as I have already stated, is 
remarkably cleavable and imperfectly indurated. 'l'he tendency of such a body of 
sl1ale or shaly clay, exceedingly fine in texture, to form shrinkage and cleavage 
partings is well known. Hence this formation, from its nature otherwise impervi­
ous, became the permanent rceeptaclo of maltha or asphaltic petroleum issuing 
from the sandstone below; and probably the more freely under a hydrostatic pres­
sure, in which water played a part, and the action of which is strikingly suggested 
by the configuration here observed of a stratigra.phical basin bordered by elevated 
plateaus. The inspissation of maltha or pitt asphalt, and even petroleum, to gra­
hamite and other mineral bitumens, by the loss of hydrogen and the addition of 
oxygen, is a well-known occurrence which may be artificially illustrated in the 
laboratory."t While asphaltum is observed to be the product of tho immediate 
eYaporatiou and oxidation of maltha at or near the surface, a slower an<l continued 
oxidation beneath the surface -in fissures, cavities, and interstices of the rocks­
has produced grahamite, albertite, and other less hydrogenous hydrocarbons of the 
same type. 

Dr. Kimball also mentions the fact that-

Smaller exhibitions of graharnite in the shale of the river banks at Tempoal and 
the Agnacates are of the same general nature us the deposit of the Cristo mine, 
They occupy interstices between divisional planes of the formation, thus forming 
veinlets which often pass from between one kind of partings to another. Hence 
even the larger of these deposits or pockets are very capricious in position, while 
the smaller ones Ulerely reticulate 'the rock. They seem to have no connection or 
channels. 

The occurrence of albertite at Hillsborough, New Brunswick, has 
been described by Prof. C. H. Hitchcock.2 From the article the fol­
lowing extracts have been made: 

The rock8 are of Lower Carboniferous age and belong to the Acadian coal series. 
The lowest rock iu the Carboniferous series is the Albert shale. This shale contains 

'W. P. Jenny: Am. Chern., Vol. V,p.lO. 
•The Albert coal: or albertite of New Brunswick: Am. Jour. Sci., 2<1 serie•, Vol. XXXIX,1865, p. 

267. 
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a large amount of hydrocarbonaceous matter. Certain layers of it at the Caledonia. 
Oil Works, by a rude process, have yielded 30 gallons of refined illuminating oil to 
the ton. The greater portion of the shale will sustain a fire without the aid of other 
fuel. It contains immense numbers of fossil fish, almost enough to make one imag­
ine they gave the shale its inflammable character. '.rhis series can not be leBs than 
11000 feet thick. 

The second group of strata is a conglomerate, separated from the first by a nar­
row bed of sandstone. Bits of Albert coal and shale constitute component parts of 
certain coarse sedimentary strata of this group and render them oleaginous. The 
thickness is unknown, probably from 100 to'200 feet. 

There appears to be au anticlinal axis passing through this region trending nearly 
100 north of cast. 
· There appears also to be a fault along or near this axis, displaying the usual phe­

nomena of anticlinal fissures, and its location may easily be accounted for. The 
shale was not strong enough to sustain the bending; hence its layers were much 
twisted and fissured along a central line. 

The coal (albertite) shows the effects of the crushing process no less plainly. It 
is much broken, even to grains, and needs no pick for its removal from the vein. It 
will :flow as easily as heaps of corn, and therefore pains are taken to tap the vein in 
the right place and at the proper time. If by oversight the main shaft is not walled 
up very tight, the coal will stream through the crevices between the beams, to the 
great inconvenience of the workmen. 

The general course of the vein is N. 65° E., but the coal (albertite) is repeatedly 
heaved southward by small faults. Its inclination is northwestward from 750 to 
80°, often vertical. 'l'be body of the vein is extremely irregular, constantly expand­
ing and contracting, both laterally and vertically. What is too narrow to be worked 
in one level enlarges to 6 and 12 feet a hundred feet lower, or the reverse; but in 
general the width increases in following down the vein. At the time of Percival's 
examination the vein was not considered workable 170 feet west from the old shaft. 
At lower levels the yield is remunerative 700 feet west and 2,300 feet east of the 
new shaft, which lies several rods west of the first. Whenever a displacement is 
met with the vein is not lost, because a film of the coal remains in the slip to indi­
cate the location of the heaved portion. The widest part of the vein is said to be 
28 feet. 

The narrow portions of the coal are invariably contained in a harder rock; where 
the rock is softer the vein is larger. "Horses" are common. In snob cases the cavity 
above, out of which the horse fell, is found to be filled with coal; so that the width 
of the coal at that level is cquai to the usual width plus the width of the horse. Num­
erous small branches run ofi· into the shales from the main vein .. These are short aud 
might be described as irregular and· branching spines from a main stem. 

The vein character of the deposit is seen more distinctly in the smaller openings. 
On the East Albert property two shafts have been commenced near the anticlinal 
line in the conglomerate over the shale. These reveal, at the depth of 30 feet, nearly 
6 inches width of a richer and more beautiful coal than the Albert, gradually thin­
ning out to the width of coarse paper at the surface, and most unequivocally cutting 
vertically across nearly horizontal layers of sandstone. 

In addition to the foregoing, there is an extended statement by Daw­
son in his Acadian Geology for 1868, page 231; and other writers also 
have discussed from time to time the occurrence of this series of min­
erals. 

Comparison of the foregoing descriptions shows that there is a remark­
able similarity in the manner of occurrence of all three of the hydro­
carbon· compounds known as the asphaltites-equal, indeed, to their 
resemblance in chemical composition. 
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ESTIMATED TONNAGE OF THE UINTAI'l'E FIELDS OF UTAH. 

Following is an estimate of the amount of uintaite (gilsonite) in the 
six veins of workable thickness that have been described in the fore­
going pages. The figures must be taken with allowance, for in the 
unexploited condition of the veins it is impossible to deduce laws of 
occurrence in depth or in width; neither has the outcrop been pros­
pected in detail, and the lengths given are therefore somewhat uncer­
tain. Table V is a general estimate for veins of uintaite of definite 
dimension, the figures of which have been employed in computing the 
contents of the veins in the field under discussion. 

TABLE V.-Tonnage co~tents of gilsonite veinB for a depth of 1,000 feet, but of varying 
widths and lengths.' · 

f~~t~ 
Feet. 

1 

2 

3 

4 

5 

6 

7 

8 

I 

Length of 1 
tnile. 

Tons. 
176,000 
352,000 
528,000 
704,000 
880,000 

1, 056,000 
1,232,000 
1, 408,000 
1,584,000 
1,760,000 

Length of 2 
miles. 

--
Tons. 
352,000 
70l, 000 

1,056,00~ 

1,408,000 
1,760,000 
2,112,000 
2,464,000 
2, 816,000 
3,168,000 
3, 520,000 

Length of 3 
miles. 

Lengt.h of 4 
wiles. 

Length of 5 
miles. 

----

Tons. Tons. Tons. 
528,000 704.,000 880, 000 

1,056,000 1,408,000 1,760,000 
1,584,000 2,112,000 2,640,000 
2,112,000 2,816,000 3, 520,000 
2,640,000 3,520,000 4,400,000 
3,168,000 4,224,000 5,280,000 
3,696,000 '4, 928,000 ,,ro,~ 4, 224,000 5, 632,000 7, 040,000 
4,752,000 6,336,000 7, 920,000 
5,280,000 7,040;000 8, 800,000 

.A. rough estimate of the contents of the Duchesne vein-including 
the product already mined-based on observations along the outcrop, 
and for a depth of 1,000 feet, shows the amount of uintaite (gilsonite) 
to be a little less than 1,ooo,ooo tons. The details of the measurement, 
with the tonnage, are: 

Contents of the Duchesne t·ein. 

Average Yiel!l in 1,000 width of feet depth. vein. 

---------
Feet. Tons. 

For about 660 feet from the northwest end 
of the vein .. ___ ... _ .... , ............... 1! 36,666 

For next 300 feet southeast, about._ ....... 2t 22,500 
For next 2,970 feet southeast, al.Jont, ...... 3!- 330,000 
For next 3,960 feet southeast, about ....... 3 396,000 
For next 2,970 feet southeast, about ... _. _. 11~ 156,750 

941,916 

1 Specific gravity of gilsonite, average of several authorities, 1.07. Weight of cubic foot of gilson­
ite, 66.875 pounds. Number of cuhio feet in 1 ton, 29.9 (taken at 30 in table). 
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The outcrop then shows a width less than will allow profitable 
working. 

The Culmer vein may average 15 iricbe:s in width for a distance of 2 
miles-possibly farther. For a length of 2 miles mid a depth of 1,000 
feet it would yield 410,666 tons. But such a depth will never be 
attained in working .this small vein. In view of the larger veins, but 
lit~le less accessible, it is doubtful if the 100-foot level is ever passed. 

The Little or West Bonanza attains a maximum observed width of 
10 feet 6 inches, but for the 3 miles north of White River the average 
widt,h would perhaps be 5 feet. This, for a depth of 1,000 feet, would 
give a content of 2,640,000 tons. An additional width of 4 feet for 1 
mile, which is quite probable fi·om the outcrop traversed, will increase 
the foregoing to 37344,000 tons. 

The Big or East Bonai)za, for that portion north of White River. 
fully 3 miles, maintains a general width of 10 feet, and has therefore a 
content to a depth of 1,000 feet of 5,280,000 tons. 

South of White River both the Little and Big Bonanza veins have been 
traced nearly or quite to the Colorado line, and one of them, or a dis­
tinct vein on their trend projected, is said to extend for nearly 2 miles 

• into Colorado, with an average thickness of at least 2 feet 6 inches. For 
the distance between the White River and the Colorado line-2 miles­
it would seem quite possible, from statements of Mr. McAndrews as 
to the width of the veins, that. the two Bonanzas would be capable 
at a conservative estimate of a yield of at least 1,000,000 tons, and for 
the vein in Colorado a product of 880,000 tons would be afforded to a 
depth of 1,000 feet. These estimates would bring the total yield of the 
two Bonanza veins for their entire length, including the Colorado 
portion, to 10,504,000 tons. 

The Cowboy vein is the largest of all, and for at least 2 of the 5 
miles over which it can be traced has an average width of 12 leet, for 
a half mile attaining 16 or 18 feet. Over the remainder of its l.ength 
8 feet is believed a safe estimate. These dimensions to a depth of 1,000 
feet will yield 8,888,000 tons of uintaite. . 

The Black Dragon vein, on Upper Evacuation Creek, will perhaps 
average 6 feet for 2 miles, and for this portion of it would afford a 
product of 2,112,000 tons. It is reported as extending 2 or 3 miles 
beyond the limit for which this estimate is made, which, if true, would 
increase this amount to at least 3,000,000 tons. 

The total yield of the six uintaite vetns referred to above, accepting 
the foregoing figures as approximately correct, would amount to 
23,7 44,582 tons. 
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TABLE VI.-Summary of tonnage contentB of uintaite vein B. 

Vein. ~ 
~--1-------:~1 

Duchesne..................................... 941,9161 

Cnlrncr. .... .... .... ...... ...... .... .... .... .... 10,:~~:~~~ 
I ~::~oz;~::::::.:::::::::::::::::::::::::::: :::: R, 888, 000 

llll~k '":"· :::; --_ :::: : : : : ::: --~: z~~ 
THE EXPLOITATION OF '.rHE UlNTA.ITE (GILSONI'l'E) VEINS. 

1\iiniug for uintaite will be conducted after the ordinary methods, by 
means of shafts and tunnels. With the establishment of hoists and 
eouveying machinery, of especial necessity will be the installation of a 
ventilating lllant, for the dust derived from the gilsonite in mining is 
exceedingly annoying, penetrating both skin and lungs, and there 
remaining, except under the action of a solvent, impm;sible, of course, 
in the latter case. This peculiarity of the mineral is due to its insolu­
bility in water and to its softening under the temperature of the body. 
It is tl1erefore very different in behavior from coal du::;t, which readily 
succumbs to water, and can in a measure be thrown off by the lungs. 
From the skin of the miner gilsouite dust is commonly removed by the 
application of kerosene oil, but any of the solvents given in Table III 
may be used. Besides the harmful results iu breathing it, the dust has 
proved a dangerous element in mining, being highly explosive when its 
mixture with atmospheric air acquires a certain ratio and it is then dis­
turbed by the accidental fall of a lighted candle through it. Safety 
lamps can be used only with difficulty, on account of the heat melting 
the substance and forming a film over glass or gauze. 

Thus far ventilation has not been attempted, the men using aspira­
tors, sponges, or other methods, the dust of the mine being laid once a 
week by spraying the walls with water, which finds its way to a sump 
and is raised iu buckets. Any of the methods of ventilation adopted 
in coal mines, mills, etc., would in great degree remedy the inconvenience 
and danger attending the winning of the product. 

Timber suitable for mining purposes is in most instances from 10 to 
30 miles distant, and for fuel but little less. For the mines, however, 
comparatively little will be r£>quired, for tile veins are vertical, the 
strata nearly horizontal, and the sandstones and shales will stand well 
with the minimum support. For fuel much more timber will be needed, 
unless coal be employed, transported from points 25 to 75 miles away. 

Water is rarely to be found in position advantageous for utilization. 
From experience at the Culmer mine, it would seem that the mine 
water can be used neither for domestic nor for steam purposes. White 

17 GEOL1 PT I--60 
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River will supply mines located in its canyon, and others near by on 
the flat above, but the latter only by comparatively expensive pumping 
plants, cap~tble of heavy lifts of 1,000 to 2,000 feet. 

Electric power of considerable efficiency may be obtained from White 
Hiver. 

The extraction of gilsonite can best be accomplished with the pick 
alone, as the material is very brittle and readily yields. It also strips 
clear of the walls, and no separation or sorting is required after once 
getting below the superficial zone affected by atmospheric influences. 
Blasting is not required. One man can mine and sack and send to the 
surface by horse-whim 2 tons per day of ten hours, the present wa.ge cost 
being about 87~ cents per ton. The chief items of expense, other than 
wages, will be fuel, ventilation, pumping, and water supply. 

COl\'UIEUCIAL CONSIDERATIONS. 

Tl!ANSPORTATION ROUTES. 

The region within which the nintaite (gilsonite) veins occur is defi­
cient in transportation routes. From the north it is inaccessible except 
by very indirect roads. 'l'o the south it is separated from the valley of 
tlJC Grand and Price rivers by the rugged Roan or Book Plateau and 
its canyons, though the travel of to-day is in this direction, the product 
of the Culmer and Duchesne min.es being taken by wagon to Price, on 
the Rio Grande Western Hailway. Up Strawberry Valley and aeross 
the Wasatch Hauge the route is somewhat more difficult than the last, 
and the distance to railroad is considerably greater. The mines iu the 
edge of Colorado now ship their product by wagon over a eircuitous 
and hilly ro.ad via Meeker to Hifle, on t.he Denver and Hio Grande 
Railroad, 125 miles. It is thought possible, however, by those familiar 
with the country, to find a feasible route 50 to 70 miles shorter than 
this directly southward along the State line. The Bonanza and Cow­
boy group of veins is a little more remote from IW!e than are the Colo­
rado openings, though perhaps attended with no greater difficulties of 
transportation. By the wa.y of Fort Duchesne to Priee the route from 
these veins is about 180 miles. The vein of uintaite (gilsonite) on Upper 
Evacuation Creek is, perhaps, a little more inaccessible than any of the 
others, unless it should be proved possible to establish a route directly 
south across the Roan or Book Plateau, when it would become the nearest 
of all the deposits to railroad communication. 

The cost of freighting the product of the Duchesue and Culmer mines 
to rail is now $12 t.o $15 per ton. Railway freight to Chicago is said to 
be about $9 per ton. The total cost of mining and placing the material 
in Chicago or St. Louis is therefore not far from $25 per ton. Office 
and management expenses may increase this to $30. The present price 
per ton in Chicago and St. Louis for the best grade is $40 to $50, leav­
ing a net profit of $10 to $20. The factors in a reduction of the price 
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to the trade will be railroad transportation direct from the Uinta 
Basin, which seems probable at a future day, and competition, which 
will arise should any equable distribution of mining clainis be made 
among the numerous companies that will doubtless be inclined to work 
these great deposits. 

USES OF UINTAITE (GILSONITE) IN COMMERCE. 

Uintaite (gilsonite) is employed chiefly in the manufacture of black, 
low-grade brush and dipping varnishes, such, for instauce, as are used 
on tlle various kinds of iron work and as baking japans. As a, high­
grade rubbing varnish for coaches, ebonizing, and similar uses, it is 
sai~ to be unadapted. By one company it is also emilloyed for mixing 
with an asphaltic limestone in the manufacture of paving material. 

Other uses, according to the statement of Mr. K W. Parker in Min­
eral Resources of the United States for 1893, are: 

For preventing electrolytic action on iron plates of ship bottoms. 
For coating harheu-wire fencing, etc. 
For coating sea walls of hrick or masonry. 
For covering paving brick. 
For acill-proof lining for chemical tanks. 
For roofing pitch. 
For insulating electric wires. 
For smokestack paint. 
For lubricants for heavy machinery. 
For preserving iron pi pes from corrosion and acids. 
For coating poles, posts, and ties. 
For toredo-proof pile coating. 
For covering wood- block paving. 
As a substitute for rubber in the manufacture of cotton garden hose. 
As a binder pitch for culm in making brickette and eggettc coal. 

It is probable, however, that the uses of gilsonite as enumerated in 
this report of J\'lr. Parker's are in most instances still in the experi­
mental stage. 

Prior to the use of gilsonite in manufactures the raw material is 
crushed to a half or three-fourth inch size and screened, an operation 
by which any chanee foreign matter is removed .. The sm'eened ma,te­
rial is usually designated "first grade," the screenings "second grade." 
The latter are said to be about the quality of the second-grade mine 
product. 

In the manufacture of varnish, gilsonite of the higher grade is heated 
with linseed oil to a temperature of about 400° F., in a tank built for 
the purpose and fitted with a device for stirring. After thorough 
liquefaction and mixing, the resulting product is run into a second 
receptacle and thinned with either turp-entine or naphtha; according to 
the ultimate product desired, the turpentine being employed in all the 
better grades, naphtha making an inferior quality and being used only 
on account of cheapness. After thinning it goes to a receiviug or 
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storage tank, from which it is drawn into cans and sealed ready for 
the trade. This is the general practice, devoid of detail", which vary 
widely according to the quality of varnish desired, the purpose for 
which it is to be employed, and tbe personal experience of the manu­
facturers in their 'study to produce results the most satisfactory to the 
consumers. It is an occasional practice to dilute tlJC gilsonite with 
resin, an operation which, carried too far, renders the varnish product 
made from it comparatively worthless, and in all cases counteracts in 
greater or less degree the very properties for which the gilsonite is so 
v.alued, namely, elasticity. 'l'his property of elasticity is considered 
one of the most essential qualities of a varnish, and in imparting it 
gih;onite is said to be unapproached by other asphalts. The writer bas 
seen sheet tin coated with the varnish subjected to the severe test of 
repeated bending back and forth, followed by hammering the bent edge 

. with a piece of steel, without the slightest detriment to the japanned 
surface either by cracking or loss of luster. In this respect it shmvs 
a marked similarity of result to an enamel made from wurtzilite or 
elaterite, a mineral preeminent for its elasticity. 

The color of varnish made from gilsonite has a brownish tint in thin 
coats, but this may be largely remedied by a heavier, yet still thin, 
applicat.ion. In this connection it is suggested by the writer that it 
may be possible to employ the nearly related mineral albertite, which, 
unlike gilsonite, has a jet black powder and streak. But it is not yet 
established, so far as can be learned from the literature on the subject, 
whPther albertite possesses the same elastic properties as gilsonite. If 
it does not, the problem is still unsolved, except, of course, by a direct 
admixture of a foreign matter of decided black color. 

By some manufacturers the use of gilsonite in preference to other 
asphalts is considered advantageous from the standpoint of economy, 
as it is said to require less linseed oil to obtain equally satisfactory 
results, to have a greater capacity for the thinning medium with corre­
spondingly less deterioration from its use, and to maintain an equal 
bulk of product with employment of a smaller percentage than of 
other asphalts. 

The present cost of varnishes of the :first quality made from gilsonite' 
is about $1.2.5 per gallGn, and somewhat lower tor lower grades. From 
the evidence gathered by the writer the opening of the gilsonite veins 
and competition among mining eompanies would tend to lower the price 
of the raw material to manufacturers, but many of the latter do not 
believe an increased supply of this would materially lower the price of 
the varnish, as competition has already brought this to a limit. There 
would result, however, an improvement in quality among those who 
are now inclined to adulterate with resin, and the foreign asphalts used 
for the same purpose would be driven almost entirely from the markets 
of the United States. The quantity of gilsonite used by varnish manu­
facturers would also doubtless be considerably increased, but the total 



ELDRIDGE.] COMMERCIAL CONSIDERATIONS. 949 

consumption for this purpose would always be comparatively small, for 
among even the larger concerns a car load often lasts six months. 

In the manufacture of paving cement, gilsonite of the second grade 
is melted with petroleum residue in a tank similar to that used for its 
liquefaction with linseed oil for use in varnish making. To the heated 
niixture is added ground asphaltic limestone carryil1g perhaps an aver­
age of 18 to 20 per cent asphalt. After thorough mixing and beating, 
the material is drawn from the tank into barrels and stored ready for 
shipment. For paving it is remelted, the requisite amount of sand is 
added, and the 'mixture is then spread like the ordinary asphaltic pav­
ing material in such wide use in the larger cities. 
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GLACIAL BRICK CLAYS OF RHODE ISLAND AND 
SOUTHEASTERN MASSACHUSETTS. 

BY N. S. SHALER, J. R. WoODWORTH, and C. F. lYIARRU'l'. 

CHAPTBR I. 

BY N. s. SHALElt. 

ORIGIN AND CHARAC'l'ER OF TH:F~ CLAYS. 

AIM OF THE REPORT. 

The aim of the following report is to set forth what has been learned 
conceming the origin, nature, and distribution of the deposits com­
monly known as briek clays which occur in eastern Massachusetts 
a11d iu Rhode Island. The greater part of this knowledge has been 
derived from field work done by the Atlantic Coast division of the 
United States Geological Survey, in connection with the J)feparation 
of the maps of the surface and under geology of the district so far 
surveyed iu southern Hhode Island, on the islands of Marthas Vine­
yard and Nantucket, and on Cape Cod. Much of the matter has long 
been in the state of office record, awaiting an appearance in the folios 
which are to set forth the surface geology; but as those folios will 
necessarily present the results in a somewhat scattered form, as the 
points to be discussed have a close relation to the history of glaciation 
in the above mentioned States, and as. the matter has a certain eco­
nomic importance, it has seemed advisable to presen,t the data at this 
time alHl in this manner. 

Although students of glacial phenomena in North America have, to 
a certain extent, recognized the occurrence of more than one period ·of 
ice action ii1 the time which has elapsed since the beginning of the 
Plioceue age, the discrimination of the work has not yet attained any­
thing like the completeness to which it has been brought in northern 
Europe. This tardiness in the advance of the inquiry concerning the 
development of glacial activity in the Pleistocene period in this country 
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is probably to be explained by the fact that the studies of the work of 
the great glacier have, in the main, been carried on in regions unfavor­
able to the preservation of a complete record of the events. In north­
ern Europe, particularly in Great Britain, the neighborhood of the sea, 
together with the considerable oscillations of tlw land which occurred 
during the Glacial period, favored the formation of a record which.can 
readily be interpreted; but in this country, where most of the ice work 
was done in the interior of the continent, these favorable conditions 
have been lacking. 

1t appears probable that, of all parts of this country, the region best 
placed for the interpretation of the glacial record is that lying between 
and includiug northern New J erscy and Cape Cod. There the icc, at 
tile time of its greatest extension, reached and slightly overpassed 
the present shore; and iu the waning stages of tlw glacier it fell back 
stage by stage to more northern lines. At the same time, in the opin­
ion of the senior author of this paper, the sea to a greater or less extent 
covered the lands, thus permitting the formation of the deposits which 
indicate the steps of the change. 

The field covered by these studies extends in general from the Mer­
rimac River to the western border of Rhode Island, but, as will be 
noted, incidental references are made to localities beyond the area 
indicated. 

The suggestions herein contained concerning the economic value of 
the clays, though limited in their character, are based upon a consid­
CI·able amount of information which has been gained only in small part 
in the progress of this investigation. lu a larger share it is the result 
of many years of private observation in the field and of conference 
with those who are engaged in working the clays. It will be noted 
that these suggestions lack the value which could, and indeed should, 
be given them by a careful laboratory study of the materials; and it is 
very much to be regretted that there is as yet no clay laboratory in this 
country wherefrom trustworthy information as to the value of such 
deposits can be obtamed. 

ORIGIN AND NATURE OF THE BRICK CLAYS OF THE DISTRICT. 

The classification of clays is still the subject of much controversy. 
A. primary division, based on the physical history of the materials, 
may be made by placing in one group the deposits which have been 
formed by the decay of feldspathic rocks in place, the materials not 
having been subjected to transporting action after the disintegration 
occurred; in a second the deposits containing materials which have 
been brought to their sites by the action of water since the· decay was 
effected; and in a third group the clays which are found ordinarily 
beneath beds of eoal, but sometimes in other positions. Deposits of 
the first group depend for their constitution mainly on the chemical 
nature of the original material, but in part, also, on the constituents of 
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the percolating waters which effected the alteration of the mass from 
its feldspathic state. The most notable feature of the second group is 
that the feldspathic matter has been to a considerable extent mixed 
with materials of other than feldspathic origin. In most cases this 
admixture is largely of quartz, but in practically all instances a great 
range of mineral substances is contained in the beds. In many cases 
a certain amount of secondary decay has ·occurred after tllese clays 
reached their preseBt position. In the third group of deposits the 
mass was originally in the state of an "underclay "-that is, a soil in 
which a swamp vegetation found root, and from which the plants had 
taken all the soluble basic material, such as lime, potash, and soda, 
the residue, composed mostly of siliceous matter, formil1g what is 
known as "fire clay," a substance which has been deprived of the ele­
ments that will cause it to flux when much heated. In a strict seus1,3 
tl1ese underclays should uot be so called, f0r they are really not of a 
clayey nature. 

All the clays in the field here considered belong to the second group 
in the foregomg rough elassification. In the Uarbouiferous district of 
the Narragansett Basin there are, it is true, certain miderclays lying 
beneath the coals, but tllese deposits have b~eu so far altered by the 
metamorphic processes to which the rocks have been subjected that 
they are 110 longer suitable for making fire brick. 'fhey will therefore 
not be discussed in this report. Moreover, in some of the decayed 
granitic rocks of this district there are masses of more or less feld­
spathic material, so disintegrated .by the pre-Glacial and post-Glacial 
decay that theY may be fitted by washing for the manufacture of lligh­
grade pottery clays. Nevertheless, these materials have as yet no 
economic value, nor are th1,3y likely to be worked for a long time to 
come. The only clays which will be considered in tllis report, there­
fore, are those which arc products of disintegrative actions, mechanical 
and ehemieal, and which owe their present positions to tile action of 
water in relatively recent geological time. 

THE CRETACEOUS AND TERTIARY CLAYS OF SOUTHEASTERN 
MASSACHUSETTS. 

lu soutlleastern Massachusetts, principally upon the Islaml of Mar­
thas Vineyard, there occurs, as is well known, ~t thick section of beds, 
rnahily of a clayey nature, which are extensively exposed on the cliffs 
of Gay Head and elsewhere. These deposits, which range in age from 
middle Cretaceous to upper Tertiary and thence to Pleistocene, have 
been to some extent described in a report on the geology of Marthas · 
Vineyard.1 As stated in that report, the Cretaceous and Tertiary 
deposits on Marthas Vineyard were evidently formed under peculiar 
conditions. The region whence they came, apparently a granitic area, 

1 Seventh .A.nn. Rept. U.S. Geol. Survey,1888, pp. 297-363. 
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had long been the seat of extensive atmospheric decay. The rocks 
were then su~jeeted to intense abrasive action, and the debris result­
iug therefrom was rapidly conveyed to its present site. Owing to varia­
tions in the intensity of action of the transporting agent, or, perhaps, 
to variations in the distance to which the materials were carrie1l beyond 
the shore line, the beds difi'er much in character. In part the Creta­
ceou,;; strata are composed of clay and sand, so mingled with vegetable 
matter that the deposit hat> the character of au impure lignite; in part 
tl1ey are of clay, or of clay mingled with more or less sand, the deposits 
often being so pure that they aft'ord excellent material for the use of 
the potter. 'l'hese clays range in color from reel to white. .Although 
valuable for certaln purposes, they are not well suited for making brick . 

.Above the le,Tel of the Cretaceous and Tertiary beds, as before notecl., 
there comes au extensive series of deposits designated in the above. 
mentioned report as the Weyquosque beds. These beds, which attain 
an aggregate thickness on the southern part of the island of not _less 
than 200 feet, were evidently formed after the principal dislocations 
which affected the lower-lying series had been brought about. They 
have themselves been somewhat tilted, but their relation to the more 
folded rocks clearly indicates that only a very small part of the dislo­
cation which has taken place Oil this islalld occurred after their formation. 

It appears likely that the Weyquosque series, as defined in the above­
mentioned paper, is to be divided into two sections, the lower having 
been the most affected by the dislocating forces, the upper hardly, if 
at all, exhibiting marks of such work. There is also a certain difference 
to be Iloted in the character of the debris contained in these two sets 
of beds. In the lower-lying this debris is somewhat coarser and more 
generally sandy. Moreover, the upper section shows traces of nodular 
concretions, somewhat resembling those occurring in the clays of the 
estuarine deposits of the Connecticut Valley. This upper part of the 
section is of a finer nature and exhibits less of this action. 

The Tertiary and Cretaceous beds of Marthas Vineyard occupy 
almost all of the higll'lyiug ground in the western portion of tlte island. 
'l'hc exceptions are where bands of the infolded earlier Pleistocene 
sands and gravels occur. In the eastern section~ or in that part of it 
which is covered by the great sand plain which is so conspicuous a 
feature on that portion of the island, the beds probably exist, though 
at a low level, one much beneath the presellt plane of the sea. The evi­
dence goes to show that in this section the deposits were worn down 
when this por·tion of the continent stood at a much lligber level than 
it now occupies, the wearing being probably dne to the action of 
'streams, the head waters of whieh, draining eastwardly, are now trace­
able in their· remnauts on the highlands of the western portion of the 
iRland. Here and there, particularly in the section. along the 'shores of 
the lagoon near Vineyard Haven, higher poillts of this Marthas Vine­
yard series, including a portioll of the Tertiary aud perhaps the 
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Cretaceous beds, still exist, at the height of a few feet above the level 
of the tide. 

On the eroded older sections of Marthas Vineyard, as above noted, 
the Weyquosque series, in another period of subsidence, which carried 
the surface at least 150 feet below its present level and probably to a 
much greater depth, was laid down. During the Weyquosque period 
beds of that age must have covered the larger part of the surface of 
the island, all, indeed, except a small remnant which lies above the 
height of 150 feet. Remnants of the deposit occur at the last-mentioned 
elevation on the southern side and near that height in the northern 
part of the island. They are also found in small patches beneath the 
sand plain at Cottage City. The facts indicate that since its deposi­
tion, in a period of reelevation which carried the island again above its 
present height, these beds were much worn away, so that on the north­
ern side of the district they were nearly destroyed and ou the western 
portion much reduced in area and in thickness. The evident reduction 
in thickness validates the supposition that they once mantled over the 
larger part of the island. Their preservation in the western district 
appears to be owing in part to the fact that they filled in the reentrants 
and valleys and were thereby somewhat protected from destructive 
action arising from the sea and the atmosphere. 

Beds which from appearance and from general stratigraphic relations, 
so far as these can be determined, seem to be of the same age as the 
Weyquosque plentifully occur on Nantucket and Cape Cod. On the 
first-named area they appear to underlie the whole of the island, having 
tl1ere a much greater continuity than ou Marthas Vineyard. This is 
probably due to the fact that their level is prevailingly lower and that, 
owing to the lack of older topograi)hy, they more completely mantled 
the whole of the area. At some points, particularly near the town of 
Nantucket, these beds were shown iu tilted positious, indicating per­
haps orogenic action. As the surface of N antuckct has but little relief, 
and as no deep borings have been made, the thickness of the series and 
its character in the lower parts are unknown. 

On Cape Cod beds supposed to be of Weyquosque age appear to 
underlie the great part of the salient. They are not generally exposed 
in their original· state above tide level, but they have been found by 
the senior contributor to this paper by slight cuttings at various 
points in the eastern portion of the town of Falmouth. The existence 
of the beds is most commonly shown by the presence in the drift of 
large, usually more or less rounded masses, not infrequently .contain­
ing several hundred cubic feet of the clay which has been disrupted 
from tile formation and conveyed for some distance by glacial action. 
These masses, for the reason that they were useful in hardening sand 
roads of the cape, have bei:m more or less sought for by the road 
masters, and the greater number of those once exposed to view have 
been dug away. In some cases these so-called "clay pounds" may 

17 GEOL1 P~ 1--61 
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have been projecting points of the beds which were covered after the 
glacial erosion by the general envelope of washed gravels, but in most 
instances-in all that have been seen by the writer-they were dis· 
tinctly bowlders, if such a term may be applied to soft materials. In a 
section formerly existing near theN obska Hotel, at Woods HoB, several 
of these rounded masses, some of them having a diameter of as much 
as 5 feet, have been from time to time exhibited, the 8urfaces being 
covered with large pebbles which had been driven into the clay during 
its transit. It is not unlikely that at the time of its disruption from 
the parent mass these fragments were considerably harder than they 
are at the present time. This was shown by the fact that where the 
Weyquosque beds on Marthas Vineyard have been freshly bared by the 
frequent landslips which occur there the material is so firm that an 
ordinary pick can not well be driven into it at one stroke to the depth 
of more than 1 or 2 inches. After exposure to the action of the atmos­
phere the material becomes relatively very Roft. 

There is reason to believe that the W eyquosque series originally 
occupied a very wide field on and off the shore of southeastern Massa· 
chusetts. We can not account for the existence of such distinctly 
stratified clays· in the positions which they now occupy without sup­
posing that they are the eroded remnants of an original1y far-reaching 
deposit which extended with great continuity along the shore and 
probably far beyond the most seaward positions in which they are now 
found. The erosion which led to the present fragmentary state of the 
deposits must haYe been effected, in good part at least, when the region 
had a much greater elevation than it has at present. This matter will, 
however, be more fully discussed later in this report. 

So far, clays having the character exhibited in the Weyqnosque 
series have uot been found to th.e north of Plymouth Harbor. South of 
tlmt indentation, in the town or' Plymouth,' beds apparently belonging 
to this series are plentifully exposed· along the marine bench, the cliff's 
of the material attaining at points a height of 20 feet or more. On this 
portion of the shore the indications of orogenic disturbance are slight, 
th·e strains which effected the dislocation of the beds on Marthas 
Vineyard having apparently been much less in this more northern 
field. The lower-lying clays of the Marthas Vineyard series, those 
of Tertiary and Cretaceous age, are not known to the north of that 
island, or to the west of the Elizabeth Islands, where some small expo­
stues show that they are still in their original position. Inasmuch, 
however, as beds of greensand belonging to the Miocene period exist 
in Marshfield, Mass., there is a possibility that the older Cretaceous 
clays may also be discovered in some of the depressions in the older 
rocks which exist along this shore. 

Beyond the limits of the Cretaceous, Tertiary, and earlier Pleistocene 
clays of the Cape Cod and island districts of Massachusetts the depos­
its of a clayey nature are clearly to be placed in Glacial time. As 
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will be noted in a subsequent section of this report, it may be claimed 
that the W eyquosque series also comes between an early ice invasion 
oceurriug some time after the elose of the Tertiary aitd before the later 
advances of what is perhaps to be more properly called the ice epoch. 

The clays of the mainland of Massachusetts, excluding the vVey. 
quosque series, as before noted, consist in the main of deposits which 
occupy the lowlands bordering the shore, extending in tongue-like pro. 
jections up the valleys of considerable rivers, but not usually attaining 
the height of more than 50 feet above the level of the sea. In addition 
tb these there are occasional patches of tolerably good brick elays, 
which lie at a greater height, but these detaehed, higher-lying masses 
are generally in positions where we may assume that they were fenced 
ofl" from the sea, at the time of their deposition, by local barriers, in 
most eases of glacial drift, but occasionally of remnants of icc under­
going the slow melting which occurred where they were deeply buried 
beneath drift materials. The faets justify the statement that nor­
mally, though with many interruptions, along the whole coast from 
Nova Scotia southward to the margin of the glacial sheet, where the 
front of the ice erossed the coast in New Jersey, there exists, or has 
existed before it was in part scoured away, a tolerably continuous sheet 
of clay, having a singularly uniform composition, being in this regard 
unlike any other deposit known along this shore. At many points, 
particularly in the embayments, such as Boston Harbor, this sheet of 
clay appears at low tide in the form of extensive ~qud flats, the upper 
portions of which are often occupied by layers of oyster and other 
shells to the depth of some feet. Below this shell-bearing zone, the 
deposits, so far as observed, are prevailingly inorganic, though the 
clayey portion of the material is the same as that which is found· in 
the upper, fossil-bearing zone. This faet, which has been observed 

· along the coast from Eastport to Plymouth, leads to the conclusion 
that while these clay beds began to form in conditions which denied to 
marine life access to the waters in which they were deposited, the proc­
ess of deposition possibly continued, at least in certain places, until 
life obtained a foothold along the shore. 

Observing the processes now in action along the coast line, it appears 
probable that after the formation of tolerably continuous clay deposits, 
most likely accnmnlated beneath the sea, the portions of this field 

· nearest the shore line were subjected to a large amount of erosive work, 
in part accomplished by atmospheric agencies, but in larger part efl'ected 
by the action of coast waves and currents. The share of the atmos­
phere in this erosion appears not to have been great, as is indicated by 
the fact that nowhere do we find extensive· deposits of clay lying as 
continuous sheets and undergoing down-cutting, such as would be 
manifested by the formation of deep, freshly ca.rved valleys in the beds. 
As before noted, in southeastern Massachusetts at least, the clay fields 
lie in the valleys, and, as will hereafter be described, they are usually 
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deeply covered by later accumulations formed during the Glacial period. 
As we go northward from Massachusetts B~y, the level-topped or ter­
race-like clays begin to rise above the plane of the sea and form accu­
mulations outside of the valleys. North of the Merrimac, and thence 
eastward in Maine, with many broad interruptions, these terrace clays 
are evident, even as a feature in the landscape. There, too, they are 
·almost everywhere coverecl by layers of sand and gravel, and the val­
leys carved in them are rarely of recent origin. In part they may be 
due to interglacial river work, but in a considerable measure they may 
be ascribed to tidal currents. As the study of these clays in the field 
north of that we are considering has not as yet been well advanced, 
further discussion of these deposits is necessarily postponed. 

Below the level of high tide, where current and wave erosion is 
effective, the process of removal of the ancient, probably continuous 
sheet of clays has been accompanied by a remaking of the detrital 
matter, or at le~st of a part of it, in the mud flats which are so com­
monly found in the zone between high and low water. This action may 
be observed at any time when the waves are beating against clays 
which are exposed to their stroke. The water thus muddied is borne 
by the tide into the reentrants. So long as the current is ·moving 
rather swiftly the detritus is held in suspension. In the periods 
when, between h:igh and low tide, the currents are stilled, the matter 
drops to the bottom, there to be quickly brought into such coher­
ence with previously formed deposits that it is not likely to be scoured 
away in the next tidal swing. This action perhaps accounts for the for­
mation of the upper portion of the clay layer, which contains organic re­
mains. It clearly explains the considerable share of clay which is. 
generally found in· the accumulations ti:lrmed by the growth of a vege­
tation which lives on our tidal marshes. 

It is easy to see that the reworking of the original clay sheet or apron 
which appears at on.e time to have extended along this coast in toler­
ably perfect continuity has served somewhat to efface the evidence as 
to the character of the deposits and their distribution. It has clearly 
operated to increase the thickness of the deposits in the reentrants 
and to thin or altogether destroy those parts of the apron which 
have been subjected to the action of the waves during the oscil­
lations of the shore line which have clearly occurred since the bed was 
formed. At least two of these swings are determinable, one downward, 
as is shown by the fact that some of the submerged forests rest upon 
these clays, and another upward, as is indicated by the fact that clays 
clearly of marine formation extend above the level of the present shore 
line. 

ORIGIN OF THE MATERIALS CONTAINED IN THE WEYQUOSQUE 
AND OTHER POST-TERTIARY CLAYS OF THE DISTRICT. 

Although no extended microscopic investigation of the clays treated 
of in this report has been undertaken, the evidence is sufficient to 
show that they are not of ordinary fluviatile origin. This is indicated by 
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the fact that, witl1 the exceptions noted, they are destitute of organic 
remains; also by the fact that they are disposed in continuous sheets 
which have no evident relation to river action. The only other appar­
ent source .of these materials is to be found in glacial work, which has 
evidently been very effective on the rocks that yielded clay to detritus­
making actions on this part of the continent. 

CONDITIONS OF ABRASION IN GLACIAL ACTION. 

It is evident that the conditions of abrasion as they are afl'ected by a 
glacial sheet, particularly where the work is done on massive rocks, 
favor the extensive formation of fine-grained materials. In a general 
way this fact is indicated by the state in which the bosses or roches 
moutonnees have been left by the ice sheet. They are in most instances 
particularly ·smooth and polished. As was noted in the special inquiry 
on the erosion of Iron Hill in Cumberl:wd, R. I.,1 the _greater part of 
the surface of granitic and other equally compact rocks is found in a 
smooth or almost polished state. Occasionally the surface is so uniform 
that it has a slight mirroring quality. In general the depressions from 
which large blocks have been removed occupy only a small part of the 
surface. Frequently less than one- twentieth of the area indicates such 
work of rude disruption. Even the scratches on the rock are such as -
would be formed where the greater part of the material taken out was 
broken away in a state of such fineness that it would form mud rather 
than sand. The facts go to show that the abrasion done, at least in the 
closing stages of the ice time, resulted in converting by far the larger 
part of the detritus into very fine-grained material. Still further, the 
energy applied to the dragging and shoving of the waste contained in 
the lower part of the glacier, the shearing action to which it was 
exposed in the ice, and the tumultuous movement of the subglacial 
streams, which evidently carried large amounts of detritus, exposed the 
eroded fragments to additional abrasive action, operating in a manner 
to produce fine-grained waste . 
.. A study of the facts has convinced the writer that the coarser drift 
materials-the sand, pebbles, and bowlders which attest the glaeial 
work-constitute but a small portion of the detritus that was formed 
during the ice ~poch. It should also be noted that when the last· ice 
epoch began on the part of the continent under consideration the rocks 
which underlie it had been subjected to a long-continued process of 
subaerial decay, whieh had doubtless softened them to a considerable 
depth. That such was the fact is shown by the survival of the ancient 
decay in many portions of New England, at points where it is evident 

·that some score of feet of the superincumbent matter must have been 
removed by glacial action. This preglacially softened rock, though it 

1 See The conditions of erosion beneat,h deep glaciers, based upon a study of tbe bowl<ler train in 
Cu1nberland: R.I., by N. S. Shaler: Bull. Museum of Comparative Zoology, Cambridge, Mass., Vol. 
XVI, No. 11, 1893. Published by permission of the Director of the U. S. Geological Survey. 
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probably afforded here and there materials which would pass into the 
state of bowlders, must, to a very great extent, without much abrasive 
action, have passed into a condition of very fine division and therefore 
have been free to go in the subglacial or open rivers to the sea. This 
view still further reenforces the eonclusion that the products of glacial 
action must h:tvc been mainly in the form of finely divided materials, 
such as form beds-of clay. 

It may be objected to the views above noted, as to the relative value 
of the erosion which gave rise to coarse and to fine materials, that the 
abrasive work of the glacier during the lat~r stages of this action, 
being of less intensity on account of the diminishing thickness of the 
sheet, led rather to polishing than to plucking, while the reverse may 
have been the ease when the ice was thicker. In answer to this state­
ment it may be said that the observations of the writer on the Swiss 
glaciers bas led him to the conclusion that the ice, even where its 
section is of considerable depth, rends few large fragments from the 
bottom, almost all of the material in the terminal moraine being evi­
dently composed of fragmei1ts which were dropped upon the surfaee of 
the ice stream. Moreover, where it is possible to penetrate through 
crevices to the bed rock and observe what is there going on, the pro­
jecting masses of the bed are seen to be undergoing scratching and 
polishing rather tllan massive disruption. Furtllermore, in New Eng­
land and other glaeiated fields of similar character the last advance of 
the ice led to the formatiot1 of many extensive frontal moraines com­
posed of bowlders, whieh preserve in many cases a very angular form, 
and which certainly lwd not bePn subjected to tl1c considerable decay 
which thPy would l1ave encountered if they had been left upon the 
surface during the long interval between tl1e earlier and later advances, 
an interval the value of which is to be noted in a later part of this 
report. Still further, the small amount of clay which is eontained in 
the later-formed deposits of the glaci~r, particularly of the sand plains, 
apparently indicates that there was no partieular accentuation of the 
erosive work, leading to the production of fine materials, at this stage 
in the epoch. 

It should be said in qualification of the foregoing remarks that there 
remains a considerable amount of clay contained in the till deposits. 
This clay appears, by the chances of transportation, never to ha\e been 
subject to sufficient water acti0n to enable it to find its way to sub­
glacial streams and thence to the sea. In the portion of New England 
which lies to the east of the Connecticut River the observations of the 
writer have led him to believe that the share of the material which has 
a character such as that in the stratified clays under consideration 
probably does not exceed 10 per cent of the till mass, and in eastern· 
Massachusetts tlle proportion may fall as low as 5 or (i per cent. ·As 
the average thickness of the till in the last-named area most likely does 
not exceed 15 to 20 feet, the total amount of day remaining in the 
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stratified drift is inconsiderable when compared with the vast amount 
which must have been produced with such abrasion. as Las been 
described as occun~ing on the bed rock. It may also be noted that 
here and there in the region east of the Connecticut, and to a greater 
extent in the Hudson Valley, the till is so rich in clay that it may in 
places be used for making brick, though the product is generally so 
rough aR to be substantially unsalable in the general market. · 

It may fairly be presumed that. the conditions which led to the trans­
portation of the clay-making materials from the front of the ice toward 
the sea were as efficient in Glacial time as they now are in the fronts 
of the Swiss glaciers. In that district, as has been determined by 
experiments made by the writer, the quantity of fine sediment which 
in a given period goes forth in subglacial streams in a state of suspen­
sion is several times as great as that which is accumulated in the 
moraines. This suspended material has been laid down in the upper 
portion of the basin of Lake Geneva in such quantity that one-third 
of the valley has been brought to or above the level of the lake. It 
ma.y furthermore be remarked that the clay material from the Swiss 
glaciers of the upper Rhone would have gone straightway to the sea or 
to the alluvial plains bordering the lower portions of the river systems 
011 which they lie but for the several catch basins which so generally 
afford their waters a chance to deposit the suspended materials borne 
from beneath the ice arches. 

The extent to which the finer material derived from glacier wearing 
may be carri:ed away to the sea, even for great distances, is show1t by 
the prevailing lack of the clay deposits on the front of the ice sheet 
where it stretched across the northern part of the Ohio Valley. In the 
most of that district the ice front lay upon a table-land which over the 
greater part of the surface, in the western part at least, does not have 
steep inclinations. Nevertheless, while a large share of the coarser 
drift remains near the margin, the materials which might have formed 
brick clays have evidently gone forth in the drainage to the sea. It is 
tme that here and there along the Ohio River, perhaps owing to sub­
sidence, which may at one time have carried the ocean level to a point 
seventl hundred feet above the Ohio at Cincinnati, there are considera­
ble aecumulations of brick clays, but in the Ohio gorge, from its source 
to its month, tlle amount of these deposits is not great enough to 
account for more than a very small fraction of" the fine detritus which 
must have been poured forth from the ice front. 

PAUCITY OF BRICK CLAYS IN ELEVATED DISTRICTS OF 
MASSACHUSETTS. 

The paucity of brick clays in the more elevated portion of eastern 
Massachusetts, even where the attitude of the surface seems likely 
to have favored the fot'matiou of such accumulations, is not easily 
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accounted for. Thus in the region around Lake Quinsigamond and 
Lake Cochituate, where on a priori grounds it might be assumed that 
extensive clay deposits would occur, they appear to be lacking. An 
explanation of this fact may perhaps be had in the supposition that in 
the retreat of the ice these basins were the seat of considerable rem­
nants of the glacier, which became floored over with washed detritus, 
and were thus long preserved from melting, so that in the time when 
the clays might have been accumulated there was no cavity in which 
they could be deposited. It is indeed not improbable that in the prog­
ress of the ablation of the New England glacier it may have deserted 
the highlands, the stagnant masses remaining in the valleys offering 
over their surfaces a path for the waters coming from the more northern 
fields, where the sheet remained in activity. It may be remarked that, 
as there was a considerable depression of the coast line, the belt of 
country near the sea may have been under conditions which prevented 
the stagnation of ice remnants, with the consequent effects above de­
scribed. 

DETAILS CONCERNING THE STRUCTURE OF THE CLAYS. 

In general the brick clays of eastern Massachusetts and the neigh­
boring districts exhibit tolerably distinct stratification. In tlle more 
southern sections, particularly in the W eyquosque series, the alterna­
tions of thin layers of sand are less common than in the more northern 
sections, where a succession of this sort is often distinctly traceable. 
The cause of these alternations has not been found. It may have been 
connected with the seasonal variations in the flow of water from the 
ice front and the consequent carrying power of the streams which did 
the work. In some sections there is a curious likeness in the thinness 
of the layers which suggests some such action. 

In no case has it been observed that a gradual passage occurs from the 
typical brick clays to the ordinary sand plains of the New England 
district, which so frequently, as will be hereafter noted, overlie the 
clay deposits. '.L'here are, however, many sections which show layers of 
clay interstratificd with deposits of which the beds are normally made 
up of sand or gravel. Such instances are most common in districts 
beyond the limits of the fielrl. under consideration in this report, as, for 
instance, in the Merrimac Valley. Where these layers of clay occur 
interbedded in the manner above noted there is not infrequently to be 
observed a curious accident, a satisfactory explanation of which has 
yet to be found. The clay bed, especially where it is made np, as is 
often the case, of numerous thin layers, sometimes as many as eight or 
ten to the inch, is apt to be thrown into sharp folds, such as might be 
produced by a compressive strain acting freely throughout the plane 
of the bed but not in the beds of sand which lie above and below the 
clay. In a section which the writer observed in the upper part of 
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the Merrimac Valley a layer of clay averaging about 4 inches in thick­
ness and visible for a distance of 50 feet or more was thrown into folds· 
which, if effected by contraction, would have brought about a shorten­
ing of its length to the amount of about one-fifth. Above and below 
was distinctly layered sand, which had not been dislocated but 
retained its original approximately horizontal attitude. Although 
this is perhaps the most striking instance which has been observed in 
this part of the country, like cases where the beds are thicker are not 
infrequent. 

At present there are but two evident hypot.heses which may account 
for this crumpllng of the clay layers in the manner above described. 
The most obvious is that the mass in which they were contained has 
been thrust by the glacier in such a manner as to produce folding. 
This supposition seems to be contraindicated by the fact that the layer 
of clay is the only part of the section which has evidently been sub­
jected to the compressive action. If the sand layers were thus affected 
they must have taken up the movement either by becoming more solidi­
fied or by extending vertically. Considering how improbable it is that 
a thrust could be passed through a frail mass of sand and clay so as 
to produce any of the results above observed or supposed, it :;tppears 
necessary to abandon the supposition that glacial shoving has brought 
about the wrinkling of thin beds of clay placed as described. The · 
other supposition is believed to be novel and not yet to have been sub­
jected to sufficient criticism to give it much value. It is to the efl"ect 
that a layer of clay, especially where overlain by a thick series of beds 
very permeable to water, is liable to certain changes which may con­
siderably increase its bulk. Thus the process of kaolinization ~-tnd 

other similar chemical alterations of the various minerals contained in 
the mass are likely much to increase the mass of the deposit. Fur­
thermore, the downward-penetrating waters, charged since the surface 
of the country was re-covered by vegetation with a considerable 

' amount of C02, are likely to bring various substances into the clay 
which may be precipitated or combined in the bed in such a manner as 
to increase its bulk. As the material was originally compact, after the 
manner of all clays, any considerable increase in bulk would be likely 
to fii1d expression in the dislocation of the layers, casting them into 
folds which would have some relation to the thickness of the layers 
and of the bed as well. In some cases the whole bed might become 
folded rather than its constituent lay~rs. 

The writer bas been led to this supposition by observing the effec~ 
produced in layers originally limestone and afterward changed into 
siderite and later into limonite by the action of downward-moving 
waters bearing iron oxides. Such beds when they attain their limon­
itic stage exhibit curious foldings, which may afi'ect the lesser strati­
fication or contort the whole bed, and this contortion may take place 
in a stratum inclosed between others which have not undergone a. 
change. 
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It is not to be doubted that many cases of contortion of clays in eastern 
Massachusetts and elsewhere, where the dislocation has taken pla.ce 
along with a like movement of the layers of sand and pebbles exhib­
ited in the section, are due to the thrusting action of advancing ice 
fronts. The explanations given in the preceding paragraphs are to 
be applied only to those cases where the contortion of the clay has 
occurred under conditions which seem to exclude the hypothesis of ice 
thrust. . 

PEBBLES AND BOWLDERS OF THE CLA '(S. 

The pebbles and bowlders which occur in the brick clays of the dis­
trict under consuleration are of importance, as they aft'ord indubitable 
evidence of the glacial origin of the beds in which they lie. In all 
the brick-clay deposits which have been observed iu the valleys of 
Massachusetts above tide level, such erratics are found with their sur­
faces scratched in the characteristic way which is accomplished only 
by glacial action. In the brick clays of the Boston Basin these erratics 
are tolerably numerous and frequently of considerable size, often attain­
ing a weight of several hundred pounds. · In some cases they are so 
numerous as to trouble the brickmakers, and at times they are of such 
frequent occurrence and so far inseparable from the mass that they enter 
into the brick, to the damage of its qualities, for the reason that while 
the clay contracts in burning the pebble does not, with the result that 
a fracture of the mass occurs. 

The writer bas noted that the included glacial pebbles are more 
common in the northern and interior portions of the field and less so 
in the southern part of it. They are relatively rare in the pits at 
Taunton and at Middleboro. They seem, moreover, to be quite want­
ing in the Weyquosque sections, except, it may be, in the upper part. 
It is impossible to account for the presence in these clays, which 
evidently were deposited in rather still water, of such pebbles and 
bowlders as have been described without bringing in the snpposition 
of icc rafting. We have, indeed, to suppose that from time to time 
fragments of the glacier floated over the surface on which these beds 
were laid down, dropping the pebbles from their mass as the process 
of melting went on. So far as has been observed, all the pebbles con­
tained in the clays are quite without trace of atmospheric action. 
'l'hey are altogether diflerent in appearance from the fragments which 
are now being borne away seaward by ice rafts from the shore, and 
which are at present building into such clay deposits as are forming off 
this coast. So far as it goes, the absence of any atmospherically 
decayed pebbles seems to indicate that the glacier at the time when 
these clays were formed was cutting rocks which were below the zone 
of previous atmospheric work, and that there were no shores near by 
on which pebbles were exposed to aerial decay, such as in a few years 
changes the superficial ch~racter of almost all rocks. 
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As yet the brick clays of this neighborhood have shown very little 
indication of any of those accidents which prevailingly occur on the 
bottoms of shallow water. Even where the layers are sufficiently 
sandy to have readily taken ripple marks if the opportunity had been 
afforded them, no sign of that feature has been observed. So, too, the 
evidence of current action of any kind appears very generally wanting. 
The obvious deduction from these negative facts is that the water in 
which these beds were deposited was not shallow. The safest infer­
ence appears to be-that it had a depth of several hundred feet, or, in a 
word, enough to extinguish the strength of tidal currents or other 
movements which tend to impress themselves on shallow-waterdeposits. 

GASES DISCHARGED FROM CLAY BEDS. 

Mr. Woodworth, in his account of the clays in Rhode Island, states 
that he has observed there and elsewhere phenomena which seem to 
indicate the escape of a certain amount of gas which led to the forma­
tion of small mud springs. This action indicates that certain of these 
deposits are undergoing changes which lead to the produetion of gases. 
In most if not all cases these alterations are probably due to the 
decomposition of pyrite, which was imported into the deposits with 
the uuoxidized materials fi'orn beneath the glaciers. The same action 
is. observable in the delta of the upper Rhone, in the Lake of Gimeva, 
which, as above noted, is the product of accumulated glacier waste. 

In other clay deposits the extruded gases, coming forth, as above 
described, in peculiar vents, are the results of decomposition of organic 
materials. Thus in the tidal-flat clays, made up, as before noted, mainly 
of the more ancient clay deposits that exist along our shores and that 
are undergoing erosion by marine action, the gases are the product 

. of the decay of vegetable and animal matter, which escape in vertical 
tunnels, forming, at the point where they enter the atmosphere, pit-like 
cavities, which at the time of their making are often surrounded by 
a low, rim-like ridge. In yet other instances, where, as is not infre­
quently the case along tbe New England shore, tbe clays, probably 
in all cases tidal recompositions effected when the seashore lay at a 
higher level, overlie forest beds or ancient morasses, gas eruptions 
occasionally occur which break through the clay layer and give rise 
to rather vigorous explosions. Thus in the earthquake of 1727 the 
marshes about Newbury, Mass., were extensively disrupted by violent 
gas explosions, which appear to have broken through the tidal clays, 
giving a vent to imprisoned gases formed in a l.ower organic layer. 
A phenomenon of the same general nature, though of artificial ante­
cedents, occurred a few years ago at Crescent Beach, in East Boston. 
A boring made to obtain water passed through the clays which lie 
at .about tide level aml entered the zone of the buried forest which 
is exposed below low-tide level in Lynn Bay. From this level came 
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a considerable discharge of marsh gas, which was fired and ·burned 
for weeks with a tall flame, and was extiuguished only when, the 
curiosity of the people being satisfied, the tube was artificially stopped. 
Although the amount of this gas can not be very large, it is au inter. 
esting questioi1 whether at several points on the shore it might not 
have a limited economic value. 

THICKNESS OF CLAYS. 

Although the means by which we may become informed as to the 
thickness of the elay deposits in Massachusetts are limited, enough is 
known to make it probable that the deeper indents, the fiord-like 
depressions of the coast line at many places, hold thick deposits of this 
nature. Thus in the case of Boston Harbor, the excavations made in 
building the submarine tunnel which carries the sewage from the main­
land to Moon Island show these clays to have a tllickness of 100 feet 
or more. In other instances, where the slope of the bed rock toward 
the center of the basin can be ascertained, we find a pitch such as indi­
cates a great depth in the central portions of the depression. On these 
bed rocks we note the existence of the clays. We can trace them below 
low water, and soundings indicate that they everywhere occupy the 
present sea bottom within the iulet. 'J'hese facts point to the conclu­
sion that the deposits are in tlleir interior parts thicker than we would 
be led to suppose from studying their land ward faces. 

BOWLDERS AND GRAVELS AT BASE OF CLAY DEPOSITS. 

"
7 herever access has been had to the bottom of the brick clays at 

points where the deposits were thick, the existence of a lower layer of 
pebbly or bowldeu material has usual1y been proved. There is thus 
reason "to believe that these clays rest upon the deposits formed in an 
.earlier advance of the ice. This point is brought out more clearly in 
the portion of this report by Mr. Woodworth, which deals with the detail 
of the deposits. Evidence which will be discussed in another part of 
this report makes it probable that some of the brick clays of·this dis­
trict have suffered as much from erosion by the later advances of the 
ice as the deposits off the shore have from the action of the sea. It is 
therefore likely that, thin as are some of the sections which have been 
obtained, the deposit had in the beginning a vertical and horizontal 
extent very much greater than is shown at the present time. 

COMPARISON OF GLACIAL BRICK CLAYS WITH MORE ANCIENT 
DEP_QSITS. 

It seems worth while to note the fact that the character of the brick­
clay deposits under discussion, as well as the nature of the associated 
deposits, may throw some light upon the origin of strata in the lower 
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portions of the great geological section. At various points in that 
section, from the Lower Cambrian upward, we find thick series of clay 
beds more or less intimately associated with conglomerates, which indi­
cate intense erosive action. 'The evidence afforded in the field we are 
now considering shows very clearly that this character and grouping 
of beds may naturally result from glacial action. It is therefore not 
unreasonable to suppose that in the earlier-made deposits the same 
agent may have had a like share in the formation of such associated 
beds. 

Where, after a long-continued subaerial decay of crystalline rocks, 
during a time when the processes of decomposition were goiug on more 
rapidly than those of erosion could remove the materials, a period of 
active erosion set in, the beds re-formed from the waste thus brought 
into the sea or into lakes are naturally composed of much finer materials 
than those contained in the clays under discussion, while the coarser 
deposits, those answering to the pebbly beds such as we have in the 
series we ar.e considering, appear in the form of arkoses. Thus in the 
strata exhibited at Gay Head, on Marthas Vineyard, where a thick 
series of deposits has evidently been rapidly accumulated, the evidence 
goes to show that the waste was taken from a region of decayed gra­
nitic rocks. Because of the general absence of pebbles, there is no evi­
dence of glacial work until in the progress up through the section we 
arrive at a horizon which is probably to be reckoned as Pleistocene. It 
may be that the clays and arkoses of Gay Head and the neighboring 
portions of ·Marthas Vineyard were also due to glacial erosion. It is, 
indeed, difficult to account for their formation without recourse to this 
agency, but the proof of such work is much less clear than it is in the 
case of the recent clays. ' 

OFFSHORE SUCCESSION OF DETRITAL MATERIALS IN A PERIOD 
OF INTENSE EROSION. 

It is necessary to suppose that the deposits formed along a shore line 
in a period of active erosion, such as exists where the glacial sheet 
extends to near the coast, are distributed in a somewhat banded m'an­
ner, the finer waste being laid down the farthest out to sea, the sands 

. prevailingly nearer shore, and the coarser detritus adjacent to the place 
where it escapes from glacial carriage or torrent action. The occurrence 
of a thick sheet of clay along the coast of New England, here and there 
overlapping the land to a distance of a few score miles from the present 
sea line, indicates that when the clays were laid down the ice front must 
have been at some distance back from the present shore line. The 
position of this ice front would perhaps be determinable but for the 
fact that marine action and the work of later ice advances have to a 
great extent worn away the shoreward portions of the deposit,· as it 
has also the bands of co~rser materials .which must have been formed 
nearer the ice front. 
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Although so far it has been assumed that the brick clays of south­
eastern New England are of one age, it must be confessed that the 
facts in baud are also reconcilable with the supposition that there were 
several clay-making periods, each marking a retreat of the ice, followed 
by a read vance. It seems pretty certain that after the laying down of 
theW eyquosque series ·there came mto the sea an invasion of sand 
aud gravels which are to be discriminated from those formed during 
the later stages of glaciation. These sands are extensively developed 
on the Island of N aushon, where they have a somewhat decayed aspect 
and a prevailing orange color, which indicate long exposure to change· 
bringing actions. In a well bored ou Long Island, in Boston Harbor, 
of which uo good section was preserved, the evidence goes to show that 
similar sands, having a t!Jickness of 100 feet or more, lie beneath the 
later glacial deposits which constitute the over-water portion of that 
island. These sands lie upon clay beds which may be of Weyquosque 
age or may belong to some stage between the last-mentioned and the 
newer clays. 



CHAPTER II. 

BY J. B. W OODWOR'.rH. 

GEOLOGY AND GEOGRAPHY OF THE CLAYS. 

CORRELATION OF PLEISTOCENE DEPOSITS WITH REFERENCE 
TO Tt~E GLACIAL CLAYS. 

If we define the Pleistocene period in this area so as to include all 
the time from the first evidence of such action as brought n,bout the 
distribution of erratics in the last Glacial epoch to the present epoch, 
this division of geological time finds in the country east of the Hudson 
River its most complete record in the deposits of tbe New England 
Islands. On Marthas Vineyard, as exhibited in the chronological table 
at the end of this chapter, evidence of early-traveled blocks of granite 
and other decomposable rocks derived from the mainland on the north 
is found at a level separated from the last glacial drift of the terminal 
moraine by .a series of deposits and erosion intervals demanding for 
their occurrence a lapse of time much longer than that indicated by 
the commonly observed members of the New England drift. In the 
table the section on Martha~ Vineyard is taken as the standard of 
reference, and the less complete exposures of beds on the mainland are 
assembled according to the present information concerning them. 

UPPER Lll\11'1.' OF THE TERTIARY ON 1\'IARTHAS VINEYARD. 

The o_ccurrence of Plioeene deposits in the Gay Head section was 
made known in 1895 through the identification by Dall of fossils con-

. tained in a small remnant of sands overlying the Miocene beds in the 
Gay Head Cliffs. Owing to the conditiom; of erosion at the point on the 
clifis where this deposit·was observed in 1889, its relations to the over­
lying Pleistocene ~eposits could not be ascertained. The Pliocene sands· 
resemble, however, near-by deposits underlying clearly a bowlder bed, 
which, for reasons to be set forth on the following pages, is regarded as 
of Pleistocene age. It should be noted before passing to the synopsis 
of the deposits of this age that the Weyquosque series described by 
Shaler in 1888 comprises the Saukaty and Tisbury beds of the present 
report. 

975 
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FIRST GLACIAL EPOCH. 

Overlying theN eocene deposits in the Gay Head section on the island 
of Martbas Vineyard, as described in the preceding paragraph, is a 
remarkable bed, the continuity of which is often brok~n. This layer is 
at the base of a section of compound gravels and sands not unlike glacial 
gravels and sands which have been worked over by waves. The con­
stituents of thi"s basal bowlder bed are very largely fragments of the 
rocks of the mainland north of the locality where they are found. 
Among other rocks, there has been found a small bowlder of peridotite 
identical with the rock at Iron Mine Hill, in Cumberland, R. I., frag­
ments of which journeyed to Gay Head in the drift of the last Glacial 
epocl1. This latter cireumstance,together with the like derivation and 
the great size of some of the bowlders, one of them weighing upward 
of 4 tons, points to the possible glacial origin of the series of earliest 
Pleistocene deposits in this section. In addition to these erratics the 
bed contains fragments of the underlying Miocene and Cretaceous sedi­
ments, showing the local derivation of some of the material during a 
time of erosion in which the Miocene along narrow paths was swept 
away. This unconformity at the base of the Pleistocene is particularly 
noticeable where the basal conglomerate cemented by iron oxide rests 
upon the surface of white Cretaceous sands. 

Glacial strim have in no case been observed on the fragments derived 
from the mainland. On the contrary, the bowlders as well as the 
gravels and sands overlying the bowlder bed have the appearance of 
somewhat waterworn materials. The distribution of these deposits 
indicates that after the transportation of the bowlders. they were 
waterwom in or near their. present sites, so that the time of their 
original journey and first deposition antedates the age of the deposit 
in which they now occur. The eroding agent was of a nature to attack 
and remove fragments of the lower-lying strata, as well as to move thoile . 
of distant hard rocks, for fragments of the Cretaceous and Tertiary 
beds were accumulated. in the bowlder patches preserved in this 
formation. 

T.be clays of this series are as yet unidentified, nor are there known 
any of those redeposited residual materials which must. have been 
eroded from the rocks of New England on the advent of a glacial sheet 
following the long antecedent periods of atmospheric decay. 

THE SANKATY llEDS. 

The Pleistocene fauna at Sankaty Head, on Nantucket, is found in a 
series of sands and minor clayey layers involved in the disturbance 
which is traceable throughout the length of the New England Islands. 
A similar fauna occurs on ·Gardners Island under like disturbed con­
ditions. Similar sands, without fossils, however, occur on Marthas 
Vineyard and Block Island, which are also involved in folds that are 
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shown by sections to have formed the highest beds in the series at the 
time of the Gay Head dislocation. On account of the well-known 
locality on Nantucket, the name Sankaty beds is proposed for this 
series of marine sands, now lying as high as 140 feet above sea level 
rtt Gay Head, and 200 feet at other points on Marthas Vineyard. This . 
height, however, as pointed out by Upham for Nantucket, does not 
indicate elevation of the continent or necessarily any change of the 
relative level of sea and land, but is due to· the folding of the beds. 

The occurrence of gravels and sands and some clays in the Sankaty 
beds along the southern shore of New England,.with a fauna indicating 
waters as warm as or even warmer than those now found south of Cape 
Cod, is indicative of a difference in age between these formations and 
the glacial brick clays. The fauna, fragments of which occur in the. 
till of the drumlins in Boston Harbor, probably represents the Sankaty 
epoch in that part of the shore. So far as our knowledge of the depos­
its of this time goes, the materials laid down were mainly sands. The 
clays of the time must have been deposited beyond the now visible por­
tions of the bottom. 

GAY HEAD INTERVAL. 

The upturning of the soft Cretaceous, Miocene, and earlier ·Pleisto­
cene strata in the New England Islands affords, by the unconformity of" 
dip between these beds and the newer Pleistocene deposits, a clearly 
marked plane of reference in the physical history of these islands. 
This feature, however, does not exist in the region to the northward} 
where no upturning took place. 

On the hypothesis that the overturning was accomplished by glacial 
thrust, the folding should be contemporaneous with a series of glacial 
deposits extending northward over the mainland. Evidence of this 
criterion is lacking, so f"ar as observation goes, in the three eastern 
islands of this group. 

The succeeuing deposits on Marthas Vineyard rest upon the broken 
and eroded edges of the Sankaty and older beds. The precise nature 
of this unconformity is not clearly exhibited. The overlying beds of the 
Tisbury series appear to be new importations of detritus from the main­
land rather than waste worn from the underlying folded sections of 
these islands. It i>~ therefore probable that the topography of this 
unconformity is largely constructional. On Block Island, at Clay Head, 
it is, however, clearly due to erosion of folded beds. 

THE TISBURY BEDS. 

Horizontal deposits of rather ferruginous stratified clays and clayey 
sands form a well-defined terrace along the northern coast of Marthas 
Vineyard, being recognizable as far west as Gay Head. Everywhere 
they exhibit a deeply eroded upper surface, confluent with that carved 
in the older beds of the island. Their marked horizontal!ty is strongly 
contrasted with the dislocated attitude of the be~s in the outcrops of 
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the older folded series wllich appear at intervals along the shore~ The 
beds are particularly well exhibited in Chilmark and West Tisbury. 

At Gay Head, near the wharf, these deposits are locally very bowl­
dery and till-like. Bowlders are also frequently found in the exposures 
along the West Tisbury shore. The relation of the bowlders to the 
stratified clays· is such as to suggest floating ice as the transporting 
agent. The probability that these beds were laid down during a time of 
glaciation, most likely during the advance of the ice sheet~ is strength­
ened by the fact that the beds show little waste from the higher-lying 
pre-Pleistocene variegated clays and sands at higher levels on. the south 
of them. The distribution of the series a,long the northern side of Mar­
thas Vineyard is like that which would arise in the case of a frontal 
moraine terrace, but the occurrence of similar beds on the Elizabeth 
Islands and in the district of Cape Cod does not support this view of 
their origin. 

The Mohegan Bluff beds on 13Iock Island occupy the same geolog­
ical position with reference to the upturned beds of the underlying 
older series and to the overlying drift. The Block Island extension of 
this deposit is more clearly of glacial origin. In tl1e Mohegan Bluffs 
the series consists· of blue clays, with ice-scratched bowlders above, 
underlain by sands and gravels, to which succeed clayey beds resting 
on bluish carbonaceous clays, probably of Cretaceous age. 

The significant features which distinguish the deposits of this epoch 
from the immediately preceding beds in the New England Islands are 
the occurrence of clays, locally laminated and locally charged with gla­
cial stones aud bowlders, and the derivation of the materials from the 
north. 

THE CLAYS NEAR NEW HAVEN, CONN. 

The clays in the lower portion of the Triassic valley in Connecticut 
are earlier at least than one advance of the ice sheet, that which last 
covered the southern shore of New England. .At Berliu, Conn., the 
stratified clays l1ave an uneven, eroded upper surface, on which rest 
Jrame gravels deposited during the presence of the ice; there are also 
eskers, which appear to lie on the surface of the brick elays, although no 
sections have been seen showing the clays passiug beneath these ridges. 
Near New Haven the clays were exposed in 1896 on the west bank of 
West River, showing, as pointed out by Prof. H. S. Williams, a sloping, 
evidently eroded surface, on which were strewn glacial bowlders and 
stones, over which were cross-bedded sands contemporaneous with the 
New Haven sand plain. While these indications show the advance of 
the last ice sheet over the clays, the facts do not determine whether 
the clays were laid down in front of the advancing ice of the last epoch 
or whether they were thus deposited during an earlier advance. The 
general evidence from southern New Eugland favors the view that 
these clays arc to be regarded as con'temporaneous with the Tisbury 
beds of the New England Islands. 
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VALLEY EXPOSURES OF THE OLDER BRICK CLAYS. 

The occurrence of glacial brick clays in the valleys of southeastern 
New England, with a mere coating of later drift and over large areas, 
often without any covering, at first sight appears to militate against 
the hypothesis of the inferior position of such clays as those which 
occur iu the Boston Basin .. The reason for .the thinness or absence of 
the drift overlying the older deposits is found in the circumstances 
attending the deposition of the saud and gravel deposits during the 
retreat of the last ice sheet. The ice being thickest iu the valleys, it was 
there tl1e last to melt away. From this arose the deposition of moraine 
terraces and sand plains about the sides or in the lower courses of val­
leys, on ground from which the iee had already retreated, while the ice 
yet in the valley was an effective barrier to the deposition of sands and 
gravels except in channels and tunnels in the iee. Only when the iee 
had melted out of a valley and the ice front lay farther north was 
it possible for more sands and gravels to be washed by extra-glacial 
streams into the low places which bad before for a time been beld free 
from debris. Except where the ice remnants were heavily charged 
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INTRAGLACIAL FIELD ·. 

FIG. 34.-Cross-section of a valley and last glacial drift, with· older glacial clays an<l pre-Pleistocene 
terranes, having a variable thickness of drift, owing to the stund of the iee sheet during its period 
of melting. 

with englacial drift, and rested upon much subglacial drift in transit 
at the time of stagnation of the ice, the eroded surface of older beds, 
wbether brick clays or the bed rock, appear at or near the surface over 
broad areas in the valley bottoms. The conditions, repeated with vary­
ing details iu many clogged valleys in southeastern Massachusetts, are 
essentially. the same as those indicated in the accompanying cross 
section. 

THE VINEYARD IN'l'ERV AL. 

These deposits, both on Marthas Vineyard aud on Block Island, are 
clearly separated from the last glacial drift of the moraine by an uncon­
formity, the sculpture of which points to ordinary stream action as its 
cause. The facts are best shown on the island of Marthas Vineyard, 
the evidence from which field has already been described by Shaler. 
The bearing of this interval of erosion by open-air streams upon the 
glacial history of the region is as follows: An interglacial epoch in 
this district would last longer than in points to the northward; the 
stream erosion would therefore diminish northward. As far north­
ward as opportunity permitted the action of running water, however, 
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we should expect to find evidence of this unconformity with the over­
lying last glacial deposits. In the final ad vance of the ice some erosion 
would be accomplished, so that in the northern field of the mainland 
it is necessary to discriminate the effects of the possible earlier stream 
erosion from the probable later erosive work of the ice. At Boston, 
as will be described in the chapter on the brick clays of that basin, 
little more is possible than to point out an unconformable relation of 
the drift to clays occupying this position. 

LAST GLACIAL EPOCH. 

Under this head is comprehended all those deposits of glacial origin 
which can be shown to have been laid down during the advance and 
retreat of the ice sheet which produced the outermost moraine on the 
New England Islands. The retreatal deposits of this epoch almost 
everywhere mantle the surface of New England. Only in exceptional 
localities are earlier deposits shown at the surface. 

The deposits laid down during the advance of this ice sheet within 
the area. of the mainland oiler usually no decisive criteria by which 
they may be discriminated from earlier deposits of like origin. Clay 
deposits of an earlier advance should exhibit at their base signs of 
glaciation either in striated rock surfaces or in ice-laid materials. 
Some indications of this kind have been observed in the case of the 
clays in the Boston Basin, where they thin out against the rising floor 
of the rock valleys in which they rest. The principal evidence of suc­
cession of deposits is afforded by the section already given as found on 
the island of Marthas Vineyard. In the following account of the brick 
clays, therefore, deposits are referred to the last or to the earlier Glacial 
epochs on the basis of the evidence found at the several localities. 

As this evidence is often of a debatable nature, where doubts exist 
it has been assumed that the deposits belong to the last advance, 
although further exploitation of the clays may show them to be of 
much earlier date. 

CLAYS. OF TilE THIRD OR LAS.T GLACIAL EPOCH. 

The deposits of this epoch of glaciation have the widest distribution 
in the area herB described, for the reason that 'in this advance of the 
ice and its resurgences earlier deposits either disappeared by erosion 
or were covered up when the ice sheet melted. The few exceptions to 
this statement are dwelt upon at length in other sections of this paper. 
The sand plains, eskers, and kames-in fact, all the important sources of 
finely divided rock material for masons' and builders' use in this thickly 
populated coastal region-are derived from the glacial materials laid 
on the surface in this epoch. 'l'be brick clays contemporaneous with 
these sands and gravels exist in the form of local accumulations, 
having usually very limited natural. exposures; therefore, they are 
verv seldom seen in their entirety. In most cases they lie in the low 
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ground between successiv~ lines of retreatal sand plains and morainal 
deposits, and are concealed beneath the southern borders of these 
deposits. To a much greatet; extent they are hidden by growths of 
peat and of swamp vegetation. In the cases where the sand plains 
have been built out over the clays of the bottom the sand plain is 
commonly too thick to permit of the economic working of the clays thus 
buried. In the case of the peats and swamps, however, except along 
the.coast at or near tide level, drainage will generally permit the free 
working of the underlying clays. 

PREVALENCE OF SAND IN THE DEPOSITS OF THE LAST ICE ADVANCE. 

The most striking feature of the uppermost superficial deposits of 
~lacial origin in this district is their arenaceous character. The 
deposits, including the till, are sandy rather than clayey. This is so 
strongly marked, particularly in the morainal belts, that the till is more 
properly denominated bowlder sand than bowlder clay. In large part 
this sandiness is due to the nature of the rocks from which the glacial 
deposits are derived. Granites, granitites, aud the conglomeratic sedi­
ments of the Carboniferous areas, themselves eroded from the same or 
similar acid igneous rocks and older quartzites, predetermined in a 
measure the character of the glacial drift. Their effect is particularly 
pronounced in the later drift, when the ice sheet derived its debris largely 
from ledges whose residual clayey waste had earlier disappeared. 

The prevalence of superficial sand deposits is, however, partly due 
to the concealment of the fine clayey deposits made contemporaneously 
with them by the outgrowth of the sand deltas over the clay. Not­
withstanding this burial of clay deposits, there appears to be a smaller 
amount of clay connected with the last Glacial epoch than is found in 
the deposits in the same region the stratigraphic position of wl1ich 
indicates an earlier origin. This deficiency is probably due to the fact 
that the superficial drift deposits are generally the tlebris left by the 
retreating, less actively eroding ice sheet. With slackened motion, and 
therefore decreased grinding of detritus in the ice, less rock flour for 
making clay deposits would be carried out of the ice by streams. That 
clays were not in many cases carried out of the ice by streams building 
sand plains is indicated by the fact that the deposits of sand previously 
made and lying in front of the growing deltas and beneath the saine 
water level received practically no clay upon their surfaces. 

It was rather during the advance of the ice than iu the time of its 
retreat, when it was more or less stagnant aud not forming rock flour, 
that clays were most abundantly deposited. Owing to the farther 
advance of the ice these accumulations would be subject to erosion. 
The contemporaneous sand deltas, being uppermost, would be first swept 
away. It is for this reason, and those above given, that the earlier 
drift of the area from Boston southward appears more clayey and the 
later more sandy .. 
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GEOGRAPHICAL DISTRIBUTION OF THE BRICK CLAYS. 

THE GLACIAL CLAYS OF .~'HE NEW BNGLAND ISLANDS. 

Clays of glacial origin occur iu all of the New England Islands, but 
not in that development which makes the brick clays of the mainland 
of commercial importance. On Marthas Vineyard and Long Island, at 
least, the pre-Pleistocene clays of Tertiary and more largely of Creta· 
ceous age far outweigh in importance the Glacial clays. 

NANTUCKET. 

The age of the clays which appear at the surface on thiR island has 
not been definitely determined. An exposure of bluish, rather thin­
bedded clay in the western part of the town of Nantucket· is folded 
into high angles and covered by morainal debris. It is probably to be 
regarded as a member ot' the Tertiary or Cretaceous series, better known 
on Marthas Viueyard. Similar clays appear Qn the eastern shore of 
the island in a like disturbed condition. 

Beneath the kame moraine which forms the northern belt of glacial 
hills running the length of the. island are stratified clayey beds evi­
dently of glacial origin. They have not been explored by means of 
pits, so that their extent and qualities for brickmaking are not yet 
fully known. They exhibit the features which are characteristic of the 
Tisbury beds. 

i\IARTHAS VINEYARD. 

The clays wllich are at present mined on this island for industrial 
uses are taken entirely from tlle Cretaceous strata. The glacial deposits 
of the island, both those of the till and tllose of the stratified series, 
are preeminently sandy and gra-velly, but the middle member of the 
Pleistocene series is essentially clayey, presenting several characteris­
tics in common with the older brick clays of the mainland, as, for 
instance, those of the Boston Basin. · 

The older Pleistocene, including the bowlder and gravel beds involved 
in the folds at Gay Hearl and along the Nashaquitsa Cliffs, and believed 
to be of the age of the. Sankaty fauna on Nantucket, exhibits clays 
only in the form of thin layers rPdepositecl from the Cretaceous and 
Tei·tiary beds. 

The middle Pleistocene above referred to is largely developed in 
Tisbury and Chilmark, on the uort-hern shore of the island. On por­
tions of this shore tlle formation is almost entirely of sand and.gravel. 
These beds are often ferruginous, and are fr:equently much jointed in 
the clayey phases. Valleys from 10 to 100 feet in depth were excavated 
in this sei-ies before the last glacial moraine was laid down upon the 
area, .The sections exposed in these valleys exhibit the occasional 
presence of large bowlders comparable to those found in the brick 
clays of the mainland. 
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The newer Pleistocene of the island includes the broad, stratified 
sand plain, in which clays, if they exist, are toQ deeply buried to be 
available. 

BLOCK ISLAND. 

Block Island repeats in its topography and geological structure the 
principal features exhibited in Marthas Vineyard. The area of pre­
Pleistocene deposits exposed is relatively very small. Lignites and 
})yritiferous clays, presumably of Cretaceous a.ge, appear on the east 
side of the island. At Clay Head white sandy clays are thrown into 
close folds, in the synclinal axes of which are caught, as at Gay Head, 
the earliest Pleistocene gravels, the Miocene being wanting. Dark-blue 
clays, probably members of the nonmarine lignitic Cretaceous series, 
also appear in the headland at this point. 

Subsequent to the folding and denudation referable to the Gay Head 
interval there was laid down on this area a series of clays, sands, and 
bowldery clays, best exhibited in tbe Mohegan Bluffs, on the south side 
of. the island. Portions of these clays are fit for brickmaking, but 
they are not in a proper position or in suitable beds to warrant expor­
tation. In its relations to the unconformity at Clay Head and to the 

S.E. 

FIG. 35 . ..:...0ross-section of Buzzards Bay antl Vineyard Sonnc1, showing the position of the Tisbury beds. 

overlying morainal drift the Mohegan Bluff series corresponds to the 
Tisbury beds of Marthas Vineyard. Both series are of glacial origin. 

ELIZABETH OR GOSNOLD ISLANDS. 

The morainal debris which forms the superficial drift of this group 
of islands belongs to a stage of the retreat of the ice sheet later than 
that marked by the moraines of Nantucket and Marth as Vineyard. 
Beneath the till of the Elizabeth Islands there is a Reries of stratified 
deposits agreeing in structure and in general characters with the 'ris­
bnry beds, on the south side of Vineyard Sound. Unless the beds 
on Marthas Vineyard were formed as a morainal terrace, which seems 
un1woved by any evidence now at hand, there is reason for believing 
that the sound and Buzzards Bay have been excavated in this series. 
The widespread development of the same series beneath the morainal 
and stratified drift of Ua.pe Cod confirms this view so far as it demands 
the former greater extension of the series. The accompanying cross 
section of the region between New Bedford and l\'Iarthas Vineyard sets 
forth the evidence derived from this field. 



984 BRICK CLAYS OF RHODE ISLAND AND MASSACHUSETTS. 

The deposits underlying the moraine, according to Mr. 0. W. Coman, 
lately of the U.S. Geological Survey, are well exhibited on Nashawena 
Island. They are mainly sands and sandy elays. At two localities· of 
limited exposure on the south shore of Nasliawena Mr. Coman observed 
sticky blue clay, similar to that of the ''clay pounds'' on Cape Cod. 
At one of these localities the clay contained a few small pebbles and 
cylindrical casts from one-fourth to l;J; inches in diameter. Nowhere 
else on any of these islands was a clay formation observed. 

CAPE COD AND 1'HE SHORES OF Cll.PE COD ll.A. Y •. 

The "Province lands/' at the northern extremity of Cape Cod, are 
composed entirely of drifting sand and beach gravels. The surface of 
the cape from Truro southward is covered with a coating of bowldery 
till, or with gravels and sands, the whole the product of the last glacial 
invasion. Clays are wanting in this seriPs of deposits, except for the 
rock flour which enters into the more clayey portions of the till. 

Beneath the morainal debris of Cape Cod are stratified deposits of 
sand, clayey sand, and clay. These beds are typically exposed at 
llighland Light, in 1'ruro. The upper part of the section is here com­
posed of horizontally stratified sands, forming, where steep, smooth, 
ungullied bluffs; the lower part of the cliffs is formed of clays whieh 
are gullied in the manner shown Ill Pl. LXI. 

These beds have all the characters which are necessary·to ally them 
with the sandy clays in the Elizabeth Islands and on the north shore 
of Marthas Vineyard. They are overlain by till in Truro, but the un­
conformity which is thus indicated is, as to origin, not accurately deter­
minable. The detailed study of the cape now in progress will probably 
serve to discriminate between an upper and a lower series beneath the 
moraines and overwash plains. 

Southward, in the arm of the cape, clays are met with along the north 
shore, cropping- out beneath the thinned margin of the terminal moraine. 
They are well exposed in West Barnstable, in the workings of the West 
Barnstable Brick Company. At this point the clays vary much in char­
acter. Dense blue clay, at one time locally used for making pottery, 
gives place a few yards off, on the same level, to light-colored clays, 'Yith 
bleached quartz sand admixed in a way to give the clays the·appear­
ance of having been made over in part from the Cretaceous and Ter­
tiary deposits which occur along the southern coast of Massachusetts. 
The upper smface of these clays is manifestly eroded and overlain by 
deposits of till and stratified sands of glacial origill. Differences of 
level of as much as 10 feet are to be observed in the above-named work­
ings. The depressions thus indicated are filled in with the stratified 
drift mentioned above. Bowlders of glacial origin occur in the upper 
part of the clays and are conspicuous upon the surface of the clay forma­
tion in the adjoining fields. The till of the moraine, largely sandy, con­
tains· a noticeable proportion of clay, as does also the material of the 
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SEAL CLIFFS AT HIGHLAND LIGHT, TRURO, CAPE COO. 
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overwash plain on the south side of the morainal' wall. The clay is so 
large an element in these stratified deposits adjacent to the moraine that 
the surface cracks iu dry weather in a manner unknown on the sand 
plaius westward of Cape Cod Bay .. 'l'his excess of clay in deposits 
which elsewhere are typically sandy is apparently to be explained by 
the action of the ice sheet in eroding in its last advance the clay forma­
tion in the Cape. Cod Bay area. 

'l'he so-called ''clay pounds" which are met with in the area of the 
sand plains on the south of the ·moraine are interpreted by the senior 
author as projecting or disrupted portions of the underlying clays, better 
exposed on tile northern side of the moraine at its b.ase. 

From the region near the head of Buzzards Bay and northward 
along the western shore of Cape Cod Bay, through Plymouth into Dux­
bury and Marshfield, coarse glacial detritus abounds in the form of an 
interlobate moraine, laid down in part along the margin of the Cape 
Cod Bay lobe of the glacier and. in part along the margin of the 
lobe which occupied Buzzards Bay. In this intermediate ground the 
interaction of ice and water interfered with the orderly deposition of 
clays in the manner in which they are spread out along· the front of 
the same lobes. As a consequence of this embarrassed drainage, the 
usually sandy till has a larger percentage of clay tl1au is commonly 
found in southern New England. Added to this cause is also the prob­
able increase of clay in the drift from the erosion of preexisting clays 
off the present coast line, a source of clay in the moraine which extends 
through Barnstable. · 

Brickyards have been opened in the more argillaceous sections of 
these morainal deposits near Spooners Pond, where, according to Mr. 
C. P. Sinnott, lately of the U.S. Geological Survey, the clays contain 
rounded pebbles, and where layers of sand are locally equally conspicu­
ous. On the east side of Beaver Dam Pond is an occurrence of till, 
called ''clay" by the farmers, and said to be 20 feet thick, resting on sand. 

Dark-colored, finely stratified clay crops out at Indian Hill, on the 
shore of the bay, where it is overlain· by stratified sands and gravels. 
Its age is not" definitely known. 

'J'HE MIDDLEBORO CLAYS. 

About 1~ miles northeast ft·om Middleboro, Mass., brick clays occur 
and were worked in 1895. 'l'he clays are interlarninated with sandy 
layers, the grains of which are mostly of quartz, similar in character 
and lightness of structure to the sand layer which forms the "topping" 
of the section. There is a gradual transition in the uppermost clay 
layer to this top sand. A tolerably well-defined moraine is traceable 
on the eastern side of the town. These clays are clearly the outwash 
from the ice sheet at the time this moraine was deposited. 'l'he clays 
are therefore among the newer deposits in the district. An examina­
tion of the region shows that the Middleboro moraine is nearly 
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contemporaneous, if the alignment of the deposits be assumed to 
indicate the identity, with the brick clays at Barrington, R.I., soon to 
be mentioned. The production of clay at two points in this stage sug­
gests that other deposits will. be found along the same line, extending 
from northeast to southwest through the towns of Plympton, Lakeville, 
and Freetown. · 

THE TAUNTON CLAYS. 

About 5 miles north of the morain~l line passing through Middle­
boro is a belt of frontal deposits having the same general northeast­
and-southwest extension. Along the soi1thern front of the belt clays 
occur near Taunton. Brick clays are also worked at Titicut Station, 
in the valley of the Taunton River, ncar the railroad, midway between 
Middleboro and Bridgewater. The stratigraphic relations are not 
clearly exposed. The clays contain a few striated bowlders of small 
size and are probably continuous in the valley with the deposits at 
Taunton. Clays are also worked at Elmwood, north of Bridgewater. 

· RHODE ISLAND. 

The glacial clays of this State, excluding those of Block Island, 
already referred to under the description of the New England islands, 
have a very limited exposure. Most of the lowland of the State is 
covered by widespread and deep sand plains, marking the successive 
stages in the retreat of the last glacial sheet. At a few points within 
the region skirting Narragansett Bay clays are known to occur. In 

. many of the localities not enough can be observed to determine the 
geological position and relative age of the deposits. 

Ocherous, laminated clays crop out between high and low tide on 
the bay side of Bullocks Neck, opposite Rock Island. The clays are 
overlain by sands. East of Norwood, one-half mile south of th;e 
Pawtuxet River, along the road from Auburn, laminated clays were 
exposed in April, 1890. The upper surface of the clay formation is 
eroded, and resting upon it were 10 feet of sands of the sand-plain 
series. Three feet of the clays were exposed. 

Beds of clay have been met with· in wells stink in and. about Provi­
dence, but, in this district, clay is rarely found in strata more than 
a few feet thick. The clay is usually deeply buried by sands and 
gravels, and is mainly important in its natural site as an impervious 
layer controlling the distribution of underground water. The follow-' 
ing record 1 of a well sunk near the corner of Angell and Wayland 
streets in Providence is typical for these clays: 

Record of well-boriny in. P1·ovidence, R. I. 
Feet. 

Sand, white, moderately fine................................................... 35 
Sand, very fine and white (quicksand) ........................................ - 25 
Sand, black, largely magnetic .......•........................................ ~ 2 
Clay, blue, dense and compact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Gravel, blue, very coarse .............................................. Unknown. 

'Providence J;"ranklin Society Report, 1887, p. 98. 
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THE BARRINGTON CLAYS. 

The principal occurrence of brick clays in. Rhode Island is in the 
town of Barrington, in the area indicated on the accompanying detailed 
map of the Pleistocene geology. (See Pl. LXII.) The geological rela­
tions of the clays at this locality are tolerably clear. The area in which 
the clays are found is small, being between 1 and 1~ square miles only, 
and lying but a few feet above tide level. On its western side, in fact, 
the area is open to tide water and the clay pits are accessible by a canal 
to boats, which were formerly employed for transporting the finished 
bricks to Providence. 

The clays are grayish to blue in color, and more sandy in their upper 
than in their lo.wer courses. There appears to be, as at Middleboro, a 
passage from clays to sand in the top layer, a characteristic of those 
brick clays which have not been eroded by ice or other agencies. This 
feature alone wou~d perhaps be sufficient to show that the Barrington 
clays belong to the last glacial advance. 

'' ... , 
' ' 

FIG. 36.-Section acros• Barrington, R.I., showing supposed relations of clays to glacial sand plains. 
A, Pre-Pleistocene terrane of Carboniferous age; B, place of glacial drift older than Nayatt I> oint stage 
of the retrPating glacier; C, place of clays contemporaneous with the Nayatt Point sand plain; 
E, gravel and san<ls deposited on the surface upon the melting out of the ice along· the heatl of .the 
N ayatt Point sam! plain; 1<', Barrington sand plain; G, BarringtQn clays; H, the esker; I, gravel antl 
sands laid down upon the melting out of the ice back of the Barrington plain .• 

The workable depth of the clays is small, being limited by sea level. 
The Nayatt Brick Company is said to have sunk a well 65 feet through 
the clays, reaching at 'that level white gravel, mid the clay beds at 
Barrington Station are reported to be 60 feet thick.1 

The layer of sand, fine-grained and loose-textured, which tops the 
clays thickens northward toward the Barrington glacial sand plain, 
which rises mesa-like north of the railroad. Although there are no 
sections north of the railway exposing the geological relations of the 
sand deposit to the brick clays, there can be little doubt that the two 
are contemporaneous. The fact that the clays pass beneath the south­
ern margin of the sand plain is a necessary result of the outward 
growth of the delta front of the plain upon the clays which were laid 
down at its margin when it was less extended in that direction. The 
general relations of these clays, which lie between.two stages of sand­
plain construction, are set forth diagrammatically in the accompanying 
ideal section (fig. 36). 

'Providence Franklin Society, Report on the Geology of Rhode Island, p. l 04. 
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THE nARRINGTON SPRINGS . 

.A local phenomenon of some interest as affecting the working of 
brick clays by keeping the bottoms wet is the occurrence of springs, 
or so-called "mud volcanoes," in the pits of the Barrington Brick Com­
pany. Here, on the floor of the clay pit, were to be seen, in 1894, sev­
eral active minute cones, from 1 to 3 feet in diameter. Other very 
minute, steep-sided cones were not more than half an inch in diameter 
and of the same elevation. The larger cones were as much as 6 inches 
in height. At the apex, or on one side, where a shifting of the vent 
had oceurred, was a shallow crater from 1 to 4 inches across, breached 
on one side by the excurrent stream of muddy water.. The escape of 
gas was not detected by the eye. .According to the statement of the 
foreman of the brickyards, these springs are active during the dry sea­
son of the summer, and have been known for years. Similar springs 
occur in the clay pits at Titicut, Mass. 

These springs appear to differ from ordinary springs mainly i1.1 tlw 
quality of the solid matter discharged. The clay which they bring to 
the surface accumulates about the vent instead of being carried away, 
as is the case of the sand grains, however minute, in more freely flow­
ing water. The sand plain on the north of the clay pits appears to act 
as a reservoir, the connection of which with the clay beds is formed by 
the fbrc-set beds of the delta (see Fin fig. 36), which beds run ont in 
the form of sandy layers in the clay section. In this way the rainfall 
percolating down through the sand is led into the clay strata along 
sandy partings, under conditions analogous to those which exist in 
artesian wells. Another explanation has been advanced by Shaler (see 
p. 971). 
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CHAPTER III. 

BY C. F. MARBU'l' AND J. B. WOODWORTH. 

THE CLAYS ABOUT BOSTON~ 

EXPOSURES. 

Glacial brick clays are well developed in the estuaries of the Charles, 
Mystic, and Saugus rivers, north and west of Boston, Mass. Natural 
exposures of the beds are exceedingly rare. The top of the formation 
is in most places only a few feet above high-tide level, and often is 
below it. It has not been seen at more than 100 feet above sea level. 
Where above the sea, the clay is generally covered with stratified 
sand, with till, or with swamp deposits. The uneven surface of the 
brick clays thus indicated shows them to have a greater antiquity than 
has been generally recognized, and, taken in connection with the details 
presented in the following pages, serves to demonstrate the deposition 
of these beds prior to the formation of the drumlins and sand plains of 
the Boston Basin. 

The most important ·exposures for geological purposes are those made 
by the brick manufacturers and those made in sewer . construction. 
The pits at the large brickyards afford the best exposures of the clays; 
but as these are located where there is the least amount of overlying 
material, the result is that the stratigraphic relations of the clays to 
superjacent beds are not very well shown in them. 

CHARACTER OF THE CLAYS. 

The clays are of a bluish color, plastic, and consist of extremely fine 
material, which under the microscope is seen to be composed partly of 
quartz and feldspar and partly of material that is too 'fine in texture 
to give a distinct polarization color for each individual particle. It 
is probably disintegrated material instead of powdei·ed rock. In thin, 
flocculent masses floating in water the whole has an amber-colored 

. 989 
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polarization, with the larger quartz and feldspar grains scattered 
through it, appearing as brightly polarizing spots. 

The clays are generally horizontal and finely stratified, the layers 
being, as a rule, not more than 2 inches thick, and often much less. 
The alternations in the bed8 are due to considerable variatio~1s in the 
amount of sand which they contain. 

Scattere~ through the formation are bowlders ranging in size from 
small pebbles to masses weighing several tous. The most abundant 
are about the size of a man's head. These bowlders usually display 
glacial strim and surfaces smoothed by glacial attrition. Their presence 
in the clays seems best explained by supposing them to have dropped 
from floating ice during the deposition of the beds. 

At a few points, notably in Cambridge, in sewer excavations,·where 
the underlying Cambridge slates are uear the surface, the base of the 
brick clays has been reached, or, at least, the clays have beeu observed 
to pass into a. bowlder clay, essentially till in character. 

The clay beds in North Cambridge are said by well borers to be from 
82 to 85 feet thick and to be underlain by gravel. Borings in the city 

Fw. 37.-Sketch showing fold in brick-clay beds and associated gravels on the western side of Fresh 
Pond, Cambridge, MaHs. From a sketch by J. n. Woodworth made in 1891. .A, }..,inc sands, cross­
bedded, with a few layers of clay; B, gray clay, similar to brick clays, with minute faults and joints, 
10 feet; C, waterworn pebbles in eoarse gravels. 

of Cambridge have been reported in which beds of sand were inter­
calated between members of the clay formation. 

The brick clays, though prevailingly llorizontal, exhibit local disturb­
ances on a scale relatively large as compared with the exposed thick­
ness of the beds. These deformations are either in the form of folds or 
of disrupted ~nasses and heads of clay protruding into overlying grav­
els. The section exposed iu grading a road on the west side of Fresh 
Pond, in Cambridge, has revealed numerous instances of this displace· 
ment of the clays. The overlying kame gravels are also involved in 
folds in a way to show that the disturbance is a relatively late phenome­
uon, due to the last, and probably a local, advance of the ice. The 
accompanying section (fig. 37) exhibits a portion of the above-noted 
section. 

In tht"l North Cambridge clay pits folds also occur, but there is no evi­
dence based upon the involution of overlying beds of the relative time 
of the disturbance. One such fold was visible in April, 1891, on the 
west side of Dublin street, in the form of a closed anticline forced over 
to the southward in a direction accordant with the hypothesis of glacial 
thrust acting upon the surface of these partially plastic layers (fig. 38). 
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SURFACE OF THE BRICK CLAYS. 

991 

The contour of the surface of the glacial brick clays in the region 
about Boston is still imperfectly known, but there are additional 

reasons .to those already given for inferring tltat the general form of 
this buried topography is largely determined by glacial erosion. It is 
true that in the valleys of the My1stic and Charles rivers ordinary 
river and tidal processes have effectively acted to bring the surface 
immediately adjacent to the lines of the present drainage into a con­
figuration peculiar to these agencies. The general horizontality of the 
clay beds and the mode of deposition of such fine materials make it 
necessary to suppose th~t when the deposit in this basin was in its 

· original state its surface was approximately level or had such an 
inclination toward the deeper water as was determined by the nature 
of the bottom on which deposition began. The very considerable 
local inequalities in the surface of these clays is therefore explicable 
on either of three hypotheses-excavation, elevation by dislocation, or 
the transportation and accumulation of particles, as in glacial drumlins. 

N.N.W. s.s.E. 

FIG. RS.-Overturned folds in West Cambridge brick elays. 

The existing difference of level of the surface of the clays is as great 
as 40 feet within the limits of Cambridge alone. 

Ice-worn surface of the clays.-At a number of points in Cambridge 
and Watertown where the morainal drift and the sands which cover 
the clays have been freshly stripped off the sharply defined upper sur­
face of the compact brick clays has been exposed in the form of smooth, 
roundish ridges resemlJling very flat roches moutonnees. This form of 
erosion is well shown on the rising ground along the northern slope of 
the Cambridge moraine in the vicinity of Huron avenue. The phenom­
enon is indicative of the overriding of the clays by the ice. 

CUBICAL JOINTING OF THE CLAYS. 

The clays in the Cambridge pits in the upper 5 or 6 feet of the sec­
tions exposed are much checked by a rough cubical jointing. This 
secondary structure becomes more pronounced in the dry season, and is 
possibly due to contraction upon loss of water, though it may be owing 
to the effect of pressure applied by the once overlying ice sheet. 
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FROST MARKS ON CLAY BOTTOMS. 

Wherever recently worked clay pits are exposed in the autumn in 
this latitude conditions prevail which favor the record of very transi­
tory meteorological changes on their surface. After a shower rain­
drop imprints may frequently be observed upon the soft clay of 
partially dried-up pools. Frost marks in the form of ruffled, feathery 
surfaces also occur. Typical ice-crystal marks, formed by the impinge­
ment of acicular crystals of ice on the bottom or by their growth in 
the superficial layer of clay, frequently show the 300 and 600 angles 
peculiar to ice. Subsequent drying of the clay warps the surface and 

FIG. 39.-Ice-crystal marks. Ulay pits, North Cambridge, Mass., Oct. 23, 1889. 

slightly distorts these figures. Further desiccation of the clays may 
result in sun cracks follo\dng the lines of weakness determined by the 
course of the larger ice needles. (See fig. 39 for illustration of these 
imprints.1) These indications of exposure to the atmosphere are, so 
far as observations have determined, entirely absent upon the older 
surfaces formed successively with each layer of clay. These consid­
erations therefore lead to the conclusion that the brick clays were 
uninterruptedly covered by standing water during the period of their 
deposition. 

'See Hughes, T. M., On some tracks of t errestrial and fresh-water animals: Quart .• Tour. Geol. 
Soc., London , Vol. XL, No. 157, 1884, p. 184. Describes ice-crystal plumes on mud and gives figures. 
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The opinion that the clays described in this paper under the head 
of the Tisbury are older than the lllst ice advance is expressed, perhaps 
somewhat vaguely, in the writings of Edward Hitchcock as early as 
1833, but his reasons for assigning to the deposits a Tertiary age were 
of a deductive nature rather than the result of a study of their inferior 
position in the field to the glacial drift which rests upon them. Although 
'the clays were described by him under the head of Tertiary deposits, he 
expressed doubt whether they might not belong to the "diluvium" or 
drift. In 1841 he considered the clays "diluvial," being deposited "in 
every basin where the stirring diluvial waters were kept quiet by the 
surrounding hills." This conception, evidently true as regards their , 
time relations to drift deposits now fully recognized as of glacial origin, 
bas not been questioned by local observers. 

CLAY STONES. 

The nodules and stringer-like aggregations to which the term clay 
stones is properly restricted, the "clay dogs" of the clay workers, are 
less fre<Iuently found in this district tllan In the clays of the Connec­
ticut Valley. The paucity of these consolidated portions of the clay 
beds in southeastern Massachusetts is probably due to the smaller 
amount of lime carbonate in the glacial waste of this field. 

Imperfect clay stones were reported by Edward Hitchcock from the 
brick clays in the vicinity of Boston. In all the exposures made by 
workings within recent years these nodules are rarely found. In so 
far as they are wanting the clays are freed from one of the causes 
which frequently spoil the bricks made in the Connect{cut Valley. 

' Whenever the clays contain one of these calcareous nodules, its cal­
cination results in the bulging out of the side of the brick or in the 
formation of cracks which unfit the baked piece for use. 
· Ring-shaped nodules are occasionally waslled out of the clays in the 
banks of glacialla.kelets near Boston, hut little is known of their occur­
rence in clays resorted .to for brickmaking. 

FOSSILS. 

The brick clays of the Boston Basin and the small separated deposits 
southward to the south coast have not afforded, so far as the Survey 
bas been able to ascertain, definite traces of organic remains. The 
clays in Charlestown afforded Ed ward Hitchcock cylindrical casts from 
one-fourth to 1 inch in diameter whicll were considered by him as 
orgamc. These casts, in the form of minute tubes, with hardened walls, 
l)erforating the strata perpendicularly, are common at all depths in the 
Connecticut River clays accesHible to examination. They appear to 

17 GEOL, PT I--63 
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mark the path of percolating water charged with lime and iron salts, 
with which the w;:tlls ·and the permeable sandy layers were cemented. 
These pipes are not neeesRarily due to the presenee of any organic form, 
though the formation of some of the cylindrical pipes in the upper parts 
of the clay pits may have been determined by the growth and decay of 
the roots of plants long subsequent to the deposition of the clays. 

The fossiliferous fragments found in the drumlins about Boston indi­
cate, by the nature of the matrix, that they are not portions of the 
brick clays, but their exact relations can be inferred only in the man­
ner pointed out in the attempted correlation in the earlier parts of this 
paper. 

-ESTUARINE OR MARINE ORIGIN OF THE BRICK CLAYS. 

The estuarine or marine origin of the brick clays in the Boston Basin 
has not been directly proved, but it is at least extremely probable .. No 
marine fossils have been found in them, nor have they been traced con­
tinuously to a connection with clays carrying marine fossils. Their 
constitution shows that they were deposited in quiet water. Their • 
positions show that they were laid down in estuaries which were open to 
the sea. There is no evidence that these water basins were shut out 
from the sea at the ttme of the deposition of the clays. The length of 
time required for the deposition of these slow-forming sediments is 
incompatible with the idea of ice barriers such as have been supposed 
to exist in the same region during the time of the formation of the over­
lying saud plains at a later stage in the glacial history of the region. 
Barriers of this nature are not sufficiently permanent. It is probable 
that the clays were more exposed then than now. to the sea, for the 
reason that sinee the clays were deposited a great deal of till in the 
form of drumlins has been left upon their eroded surfaces, fending them 
off from the. sea. 

Moreover, the clays are deposits made in moderately deep water. 
This would require a submergence below the present stand of the land 
for all parts of the formation lying ahove the pr~;~sent sea level, making 
the supposition of a barrier to tlie estuaries still more difficult. The 
amount of this submergence about Boston has not been determined. 
Any beaches or erodible shore-line features which may have marked 
this upper limit of the water in which the elays were deposited were 
probably effaced in the last advance of the ice. Benches cut in the 
bard rock on southward-facing cliffs may not have suffered that fate, 
but the connection of any such phenomena with the sea level of that 
time has not yet -been reeognized. The minimum amount of the sub­
mergence is indicated by the highest known occurrence of the marine 
clays. In the vicinity of Boston- that occurrence is about 100 feet 
above the present sea level, but as in all the cases where the clays are 
observed their upper limit is determined by erosion, the submergence 
mnst have exceeded this amount. 
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The clays were deposited in more or less direct connection with an ice 
sheet whiCh had retreated across the area to a positwn north of the 
formatwn, and before a readvance of the ice. That the clays were 
deposited in connection with an advance of the Ice is shown in their 
compo:-1twn. They consist quite largely of ground up rocks, and not 
of thoroughly thsmtegrated materml. They also contain glaCiated 
bowlders, some of which are too large to be carried by such ice flows 
as form at the present time on tlns coast. 

That the lmck clays are newer than at least one advance of the 1ce 
is shown by their re,;tmg on till at a few points m the VICmity of Cam­
bridge. On t!1e west RHle of Fresh Pond the clay bed in the sectwn 
shown m fig. 37, though tbumer than the beds elsewhere seen in 
the clay pits, Is considere(l to be of the ,;ame series. It dips north­
ward under overlymg gravels and sands and appears beneath the 
level of the banks of the pond in a pit about 500 feet northeast of the 
locahty shown m fig. 37. It then disappears beneath sands and gravels 
to reappear in a pit at a brickyard 400 feet northeast of the latter 
place. These three exposures are regarded as the same bed, on the 

l!'IG 40 -Sectwn at Ten Pound Hili, Somerville, Mass , showmg drumim till overlymg eroded •urfaee 
ufbnck clay' A, tlnck cobhly till, B, 1oa•l to Wellmgton, C, till With •tuated pebble• seen m 
el.•y pit at tlm pomt 

ground of similarity in character and compositwn, and of contumit.y of 
stratificatiOn. 

That the clays are older than at least one advance of the ice over 
the area IS clearly shown in many localities. The stmtigraphlC evi­
dence of this relatwn IS more abundant than, anu JUSt as conclusive as, 
that for their being younger than one ice advance. One of the facts 
pomtmg to this conclusiOn is the occurrenee of clay of the same physical 
character as the clays of the undisturbed beds in the till of the last ice 
invasiOn. Mauy of the drumlms about Boston Harbor contain a large 
amount of thi.s elay, mixed up with gravel, bowlders, and the ordmary 
yelloWJl'>h clay of the drumhns. 

Another fact well established Is that the clays under he the drumlins. 
One of the localities where this relatiOn IS shown most conclusively IS 

in the remnant of a drumlin known as Ten Pound Hill, at the southern 
end of the Wellington Bridge, m Somerville. The clays have been 
excavated beneath the salt marsh JUSt south of the drunihn. In the 
drumlin itself the clays nse about 20 feet above the top of the clay in 
the nmghbormg marsh. At the southeastern end of the drumlm the 
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plaue of demarcation between the overlying gravelly till and the brick 
clays is sharply defined. Scratched pebbles occur plentifully in the 
till. Toward the nm·t"j:tern end of the drumlin the till appears to be 
thicker and coarser and more commingled with clay. A cross section 
of the hill as it appeared in. 1894 is annexed. The evidence goes to 
show the erosion of the clay surrounding the drumlin and the accumu­
lation of till upon the same clay on the site of the drumlin. 

Another significant locality is at the foot of the northern slope of 
Convent Hill, a drumlin, now largely removed, within the limits of 
Somerville, about 300 feet east of the junction of the Wellington i·oad 

FIG. 41.-Cross-section at Ten Pound Hill, Somerville, Mass. 

with that from Charlestown to Medford. A shaft was. sunk at the 
foot of the hill in the autumn of 1894 in putting in a sewer. It was 
33 feet deep when seen by C. F. Marbut, and was still in clay at the 
bottom. The clay has the same physical characters as that from 
the brick-clay pits. The slope of Convent Hill carried downward at 
the same angle that it has above the top of the shaft would cross the 
clay bed apparently several 'teet above the bottom. The relations of 
the till awl clay, as interpreted by Marbut from the facts seen here, 
are shown in fig. 42. 

DRUMLIN 

FIG. 42. -Diagram showing relations of brick clays and till at Convent Hill, in Somerville, Mass. 

Another occurrence showing. the same relation of till and clay beds 
is in Saugus, at a bnckyard about ~,500 feet southwest of the railway 
station at East Saugus. The clay bed is now worked on the north face 
of th hill, just above the level of the salt marsh, where very little 
matm'al overlies the clay. An old pit, now filled with water, about 
200 feut southeast of the present one and farther back in the hill, was 
operated formerly. In this place about 15 feet of till overlay the clay, 
whieh was found approximately at the same level as it exists in the 
present workings. The section at this locality is shown in fig. 43. 

In tbe most of the clay pits in Revere the clays are worked up to the 
ba~Se of the drumlins and show no change in character nor diminution 
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m thwkness. The localities most frequently selected for a clay pit 
are not on the lowest pomts or nndway between two dmmlms, but 
as near to the base of a drumlm as possible without involvmg much 
stnpping. 'rhe beds ought to be thinner ]~ere 1f the clays overlie the 
till of the drumlin:;;, but m no case has a 111t been seen whiCh went to 
the bottom of the formatiOn. The locatiOn of clay pits as near the 
base of the drumlms and as high up as pos:;;Ible IS probably due to the 
better famht1es for dramage m such situatiOns. 

Till was seen overlymg stratified clays m .Medford, Mass., in 1892 by 
J. B. Woodworth, on the east side ot Winche:;;ter street, near No. 30, 
and south of Manon street, on the east side of the Boston and Lowell 
Rallroa•l, and near old clay pits, m a ditch showmg the followmg section: 

1. Rich black so1l, varvmg m depth from 12 to lH 111che~ 
2. T1ll, composetl of subangular pebbles and cobbles, occaswnally "cratchetl, w1th a 

matrtx of sand auu some cl<ty 
3 Bnck clays, With a nearly level surface, but mclmPd ol!ghtly towaru the p1ts on 

the eabt. 

'rhis till appears to be the peripheral, attenuated p<trt of the mass 
winch forms the drnmhn of <Jollege H1ll, the emmence 011 whwh stands 
Tufts College. 

FIG 43 -Se< llon showmg relatiOns of t1ll to brH,k clays m Ea't Rmgus, Ma•s 

I11 mauy places in <Jambr1dge the clays have been :,;;eel! within the 
last few years m excavatiOns for sewers. The clays are m all cases 
overlam by a bed of :,;;tratdied sand of varymg thiCknesl', They ru·e 
known to occur under the Museum of Comparative Zoology, overlain 
by about 10 feet of stratified sand. These clays on the south s1de of 
the ndge runnmg from Cambndge Station westward to the south side 
of Fresh Pond, are evidently a part of the formation whwh lies on the 
north s1de of the same ridge, a11d which, mdeed, enter into the forma­
twn of the ridge Itself. 

The same relation of the clays to overlymg stratified glacial sands is 
shown near East Everett Station, where the sa11d Is about 2 feet thwk, 
overlam in tur11 by about 1 foot of salt marsh. 

The sand flat extending over a considerable area south of Medford 
and northwest of W ellmgton Station is u11derlam apparently every­
where by the clay formation. In all the clay p1ts m th1s VIcimty the 
sand vanes from 3 to 10 feet in thickness. In the salt marsh half a 
mtle west of Wellington Station are the stumps of many cedars or 
pmes that grew m the sands overlymg the clays before the mvasion of 
the area by the marsh. 
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OLDER PLEISTOCENE DEPOSITS OF BOSTON HARBOR. 

Professor Urosby and Miss Ballard find evidence in the fossiliferous 
drift in the drumlins of Boston Harbor of a succession of ice advances. 

When the ice sheet first invaded this area the shells on the bott.om of Boston Har­
bor were reduced to fragments and became a part of the ground moraine or till. 
During the recession of the ice sheet the till was locally cemented or lithified by 
carbonate of lime derived from the shells through the solvent action of meteoric 
waters, the still undissolved shells thus becoming, in some cases, completely inclosed 
in a firm matrix. During the second adyance of the ice sheet the shells sutfered 
further comminution, and the cemented or lithified portions of the till were more or 
less broke,n up aml abraded or glaeinted.' 

The authors of the paper above referred to, however, feel constrained 
to state that they find no evidence of an interglacial period. 

The time of building these fossiliferous fragments into the drumlins 
having been obviously the last Glacial epoch, that of the formation of 
the. earlier fossiliferous till fragments succeeded the deposition of the 
shell beds, the time of which can also be approximately determined. 
A comparison of the species found fossil in these fragments with the 
Sankaty Head fauna makes it a probably correct inference that these 
shells are of the same age, there being at least 27 identified speeies in 
commou, but these are mainly living in nearby waters. The Sankaty 
beds on Marthas Vineyard and Block Island are succeeded by the Tis­
bury beds, the genesis of which seems best explained by a time of ice 
action, if not actual glaciation, and all of this long anterior to the last 
Glacial epoch, which was separated from the Tisbury epoch by the rela­
tively long Vineyard interval. The evidence as to the succession of 
events in the New England islands and in the Boston Basin is thus 
essentially parallel. 

I Distribution and probable age of the·f()ssil shell~ in the drumlins of the Boston Basin: Am. Jour. 
Sci., 3Jl series, Vol. XL VIII, 1894, pp. 494-495. 



CHAPTER IV. 

BY N. s. SHALER. 

ECONOUIC RESUT .. TS AND SUMMARY. 

Although the inquiry the results of which are set forth in the pre­
ceding pages of this memoir was not made especially with the inten­
tion of determining· the economic conditions of the clays of the region 
studied, certain information of value to those who are commercially 
interested in these deposits may be here given; ·a brief statement will 
therefore be mad~~ of facts which may be serviceable to those who are 
seeking to utilize the clays of southeastern New England. 

The observations set forth in the preceding pages show that the 
valuable clays of this district are industrially divided into three groups 
which agree tolerably well with the classes in which they are placed by 
their geological history. There are the Cretaceous and Tertiary, the 
earlier Pleistocene, and the last Glacial. 

CRETACEOUS AND TERTIARY CLAYS. 

The Cretaceous and Tertiary deposits include only the beds whwh 
are developed on Marthas Vineyard and possibly on some other of the 
New England Islands. For economic J1luposes they may be regarded 
as limited to tlle western half of Marthas Vineyard. They contain a 
considerable variety of clays, which difi'er much from one another in 
physical properties and in fitness for use in the arts. In general charac­
acter they resemble the well-known clays of New Jersey. Some of these 
clays of Marth as Vineyard are by their quality better suited for making 
the more valuable kinds of pottery than those from any other deposits 
found along the Atlantic Coast, and if they were not very ill placed 
for use they would doubtless have already been extensively exploited . 
.A.s it is, the dislocated character of the beds, which are everywhere 
steeply tilted and often much broken up, makes it difficult and costly 
to use the m.aterials from the valuable layers, which are entangled with 
those that are worthless. The only place where the beds are so exhib­
ited as to guide in exploitation is in the cliffs of Gay Head, where the· 
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deposits are weli shown, hut they are there so complicated by folds, 
faults, and shearings that it has been found impossible to follow them 
by sueh large and systematically arranged workings as are necessary 
for economieally good results. There seems little reason to believe 
that in any part of the island where these clays lie above the level of tlw 
sea-an area of about 30,000 acres in all so lying-the beds are much 
less disturbed than at Gay Head. We may therefore assume that the 
same difficulties whieh have been encountered at plaees where the beds 
are well exposed will in au even greatPr measure be met where they 
are hidden by the soil and the underlying glacial drift. Moreover, the 
part of the island where these elays are accessible is quite without har­
bors. Vessels have to take their eargoes from wharves on a coast 
which is exposed to heavy storms, and which is accessible with safety 
for only a part of the year, aud then only in quiet weather. 

The result of these conditions, which the senior author has had an 
opportunity carefully to note for the last ten years, is that, notwith· 
standing the excellence of the Marthas Vineyard clays and the long 
time that their quality bas been known, they have never come into 
general usc. Several extensive ami well-conducted experiments in 
shipping the material or in using it for various purposes on the ground 
have ended in failure. The only evident means of utilizing the deposits 
would seem to be by turning them to account in small factories produc­
ing articles of pottery which might have a peculiar value ou account of 
their decoration or finish. The conditions seem unfavorable for the 
utilization of the materials in the manufacture of brick, paints, or 
ordinary pottery, where the cost of the material is a determining factor 
in the business. A large establishment for making hriek on the north 
shore of the island came to ruin. Another on the same shore, where 
the clays were ground and lixiviated in order to prepare them for use 
in manufacturing oilcloths, luts been allowed to fall into decay. The 
surface, wlJich is underlain by the whiter clays, is dotted over with 
pits, where at various times within the last half century unsuccessful 
efforts have been made to win a profit from the deposits. 

It is possible that further search beneath the drift covering of Mar· 
thas Vineyard will reveal the existence of areas in which the clay beds 
may be in such positions that tbey can be worked under favorable con· 
ditions. In this improbable event, and with a harbor provided, as it 
could be at. a relatively small cost at Menemsba Pond by cutting a 
11assage through the sand beach, these clays might be advantageously 
marketed. 

PLEISTOCENE CLAYS. 

The Pleistocene clays, those formed after the disturbances wbich 
folded the older deposits of Marthas Vineyard had taken place, are 
extensively developed throughout the islands and the seaboard dis­
trict of southeastern Massachusetts As noted in the earlier sections 
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of this paper, these clays are widely distributed. They occur plenti­
fully on the New England Islands, on Cape Cod, and elsewhere beneath 
the deposits of the last ice epoch. In character they generally resemble 
the clays last formed in this district, being of that uniform quality 
which fits them for use solely in making brick or for the rougher kinds 
of tile and pottery work. As a whole they contain more iron than the 
newest clays of this part of the country. They Hhrink and warp more 
on burning, and are therefore less suited for the arts than the last­
narhed group. It is possible that this group of argillaceous deposits, 

· newer than the Tertiary but older than those formed during the last 
Glacial epoch, may be made fit for use if mingled with other materials, 
but in their unmixed state tlH~y must be regarded as of less promise 
than those of the other groups. So far as known, the only place where 
tllese clays are now exploited is in the town of Sandwich, on Cape Cod, 
where a brickyard has Hs pits in a deposit which probably is of this 
relatively early age. As yet the operations are not of sufficient extent 
clearly to determine the full value of the beds. 'rhe establishment for 
brickmaldng at Roaring Brook, on the north shore of Marth as Vineyard, 
which worked clays of this age, found difficulty in obtaining products 
of satisfactory quality. The trouble appears to have inhered in the 
nature of the clay. It may be observed, however, that the material 
from Cape God is much more nearly like the newer deposits, which 
are next to receive our attention. It may therefort\ be found that these 
more northern deposits will prove quite suitable for usein the arts. 

The only notable economic value of the clays of the group we are 
now considering llas been found in their application to the sand roads 
of Cape Cod. In this district, where the stratified sands of glacial 
origin and those which have been blown inland from the beaches are 
alike extensively developed, the only available resource of the road 
masters in their efforts to better the highways has been to apply a coat­
ing of this clay to tl!e surface of the road. I~aid on to the depth of 3 
to G inches, the material quickly works down into the sand and serves 
to bind it with tolerable firmness. For a year or two after the layer is 
applied the benefit continues, but gradually the adhesive matter works 
downward or is blown away, so that the effect is impermanent. In 
many cases' this process of ~epairingways is so costly that it is cheaper . 
to harden the trodden part of t.he road with broken stone brought from 
a distance than to incur the expense of repeating the application of 
clay at intervals of a few years. Still, for local ways this method of 
repairing is commendable. 

If the clay deposits which probably underlie the greater portion of 
the Cape Cod district were not in most parts of that ar.ea either below 
the sea level or so deeply covered with glacial drift as to be inaccessi­
ble, a much more extended use of the mal erial in bettering the roads 
would have been made than has been the case. In fact, however, these 
clays, with rare exceptions, are accessible only where they occur in the 
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form of masses, often of large size, which have been forced above their 
original position and mingled with the drift. In other cases the 
deposits appear to consist of sharp ridges of the clay, which were left 
projecting much above the general surface by the erosion that took 
place before the last ice epoch, and which are now mantled over by the 
drift envelope. Neither of these sources of clay affords good oppor­
tunities for obtaining a cheap supply of the material. 

The latest group of clays, those commonly used for making brick in 
New England, were formed during the retreat of the glacier during the 
last ice epoch of this part of the country. Where the ice lay beyond· 
the present line of the shore, and while the erosive work which it did 
was most iutense, the clays derived from the tine muds which escaped 
from the subglacial mass were deposited, doubtless In large quantities, 
far to the seaward of the existing coast. As the front of the ice in its 
waning period, with occasional readvauces, retreated to the northward 
the mass thinned and the wearing which it effected on the bed rocks 
diminished, a.ucl thus smaller and local deposits of clay were formed. 
These limited clay fields, as has been noted by Mr. Wood worth, appear 
to have been built near t.he mouth of each of the subglacial rivers. 
This conclusion is attested by the fact that many of these clay deposits 
lie approximately a little beyond the point where for a time one of 
these streams, escaping from beneath the ice, left marks of its aetion 
in the form of deltas, which are still traceable. We thus not ~ufre­
quently find in elougated ridges of sand and gravel the molds of the 
caverns through which were discharged the waters of tbe subglacial 
streams that carried the clays out' into the sea. Beyond the southern 
ends of these eskers there generally extends a saud plain with an 
approximately level surface. Experience shows that yet farther away 
ti·om tbe old margin of the Ice, but sometimes beneath this plain, elay 
deposits are likely to be found. It may in general be assumed that 
wherever considerable plains of sand occur in the valleys of southeastern 
New England there is a fair chance that clay beds exist beneath or near 
the covering. It must not be assumed, however, that where they exist 
they will in all cases be found at depths economical for working. Nor 
should it be supposed that the clays are altogether limited to the 
regions beneath the sand plains. The deposits formed before the last 
advance and retreat of the ice are, as noted in the early part of this 
paper, not infrequently covered by other forms of drift, but in these 
cases the nature and depth of the superincumbt>nt material are likely 
to be such as to make it too expensive to work them. 

So far as the facts have been gathered they go to show that no avail­
able deposits of clay exist in the region und~r discussion at a greater 
height than about 100 feet above the sea level. It seems tolerably safe 
to assume that south and east of a line extending from the mouth of 
the Merrimac River to Stonington, Conn., there is not mueh chance of 
finding considerable deposits of clays fit for brickmaking at higher 
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levels than have just been indicated. In this field the beds of valne 
are in the main limited to the valleys of the greater streams, probably 
for the reason that the existence of such valleys, which were formed 
before the advent of the glaciers of the last ice age, determined to a 
great extent the paths which were followed by the rivers that coursed 
beneath the ice, bearing forth the finely ground rock that went to form 
these deposits. 

It is to be noted that the clays of the southeastern section of New 
England, taken as a whole, exhibit a greater range of features, chem­
ical and physical, than those of any other portion of the eastern United 
States. As yet their properties in relation to the industries have not 
been carefully determined. It is quite likely that a well-conducted 
inquiry would show that the range of possible applications of these 
materials is much greater than bas been supposed. It is especially 
desirable that this study ~>hould include the group of clays which are 
later than the Tertiary and older than the deposits formed during the 
last Glacial epoch. It is also important that the result to be attained 
by mixing the several varieties of clay, including those which are found 
in the Cretaceous and Tertiary deposits of Marthas Vineyard, should 
be inquired into. Consideration should also be given to the use of the 
very siliceous beds of Marthas Vineyard, which may, perhaps, with or 
without preliminary treatment or admixture with other materials, prove 
to be well suited for making fire bricks. 

lu closing, it may be well to remark that the coals of the Rhode 
Island and Massachusetts basin, which maybe obtained without undue 
cost about Narragansett Bay, appear to be tolerably well fitted for use 
in burning brick in kilns. If this should prove to be the case, a fi1irly 
cheap fuel would be provided in the immediate neighborhood of the 
clay deposits which have been mentioned in this paper. 

SUMMARY AND CONCLUSION. 

From the purely scientific point of view, the most important point 
which it bas been the intention to develop in this paper concerns the 
divisions of the so-called Glacial period into three great epochs of ice 
action separated from one another by very long intervals. In the 
opinion of the senior author, the interval between the first and the 
third of these periods was many times as long as that which bas elapsed 
since the ice passed away from this district. This, as has elsewhere 
been noted, is indicated by the facts that the beds containing glacial· 
erratics underlying the island ofMarthas Vineyard were folded, and 
that the stream erosion wliich took place in that interval resulted in 
the development of a complete and extensive topography, well organ­
ized in relation to the understructure and far advanced toward base­
leveling, with reliefs of as much as 300 feet, before the last advance of 
the ice occurred. Since the departure of the ice, which in its last for­
ward movement altered in no considerable way the surface over which 
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it passed, the surface of that island, except for the encroachments of the 
sea, has undergone very little change. 

As for the division of the work of erosion done between the first and 
the third ice advance, the evidence is not so clear. It is evident, how­
ever, that the W eyqnosque series; at least that division of those beds 
which Mr. Woodworth has in this paper termed the Sankaty beds, 
was laid down before the orogenic movements which have so profoundly 
afl:'ected the district were ended, and that the Tisbury beds wPre de­
posited on tlw northern shore in some parts of the valleys of the island. 
To the senior author it seems probable that the second Glacial period 
did not result in the actual erosion of the area by the glacier to any 
considerable amount, but only in the deposition of certain beds of 
material which can not well be explained except by glacial conditions. 
In fact, the gravels, sands, and clays from the base of theW eyquosque 
to the close of the last ice epoch can be accounted for only on the 
supposition that they are due to ice work. 

On the whole, the evidence inclines one to the opinion that the greater 
erosion, and presumably the longer interval, was between the second and 
third advances of the ice, but there is as·yet n0 basis for any accurate 
determination of the length of time which ela.psed between the first 
aud second epoch. It may be noted that the evidence as to this inter­
val is almost altogether limited to the facts afforded by the island of 
Marthas Vineyard. There only do we have access to deposits which 
contain large erratics, transported from a distance of 40 miles or more, 

.lying in beds which have been disturbed and afterward eroded by the 
streams in the manuer above described. 

THE COLUMBIA FORMATION. 

It will be observed that no effort has beeu made to correlate the 
deposits which are considered in this writing with those of the Colum­
bian age as described by McGee in the more southern parts of the 
eastern United States. Although this inquiry is obviously important, 
it has been deliberately put aside for the present, for the reason that 
before results of value can be obtained it will be necessary carefully to 
study the deposits of Long Island, New York. A preliminary view of 
the problem leads to the alternative suppositions that the Oolumbia 
formation may be the southern equivalent of the Weyquosque beds or 

. that it may represent the marginal deposits formed during the time 
when the first two advances of the post-Tertiary glaciation took place. 
As may be seen from this paper, it is not ~asy, eveu in the mainland 
portion of southern Massachusetts, to discriminate in all cases between 
the beds which were formed durmg the first and those formed during 
the second ice period. 
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THE FAUNAL RELATIONS OF THE EOCENE AND.UPPER 
CRETACEOUS ON THE PACIFIC COAST. 

BY TnroTHY vV. STANToN. 

INTRODUCTION. 

In most regions each of the great geological systems is easily sepa­
rated from those that immediately precede and succeed it by notable 
changes in the life, by marked lithological differences, or by structuraL 
breaks, such as angular unconformity or otl!er evidences of a period 
of uplift and erosion. When, as is often the case, the three kinds of 
changes coincide, the structural break, attesting a long interval with 
its attendant disturbances of land aud sea during which there was no 
sedimentation in the area involved, is sufficient explanation of the 
changes shown in life and sediments when the sea again returned. In 
Europe and in many other parts of the world the line between the Cre­
taceous and the Tertiary is especially well marked. On this subject 
Professor Kayser 1 says: . 

There is scarcely any other division in the history of the earth which is s9 impor­
tant and so natural as that between the Chalk and the Tertiary. This is connected 
with the fact that at the close of the Chalk age a change took place both in the dis­
tribution of land and water and also in the development of organic life-so great 
and universal that it has scarcely been equaled at any other period of the earth's 
geological history. 

To believe that this change really was universal and contemporaneous 
over the whole earth would be inconsistent with the generally accepted 
uniformitarianism of modern geology and biology, though the possi­
bility may be admitted that such a change might involve all the present 
land areas, and thus be practically universal, so far as accessible records 
are concerned. No further argument is needed on the general question 
of continuity of sedimentation since Lyell's masterly present!ttion of it. 
On the special case now nuder consideration, he remarks: 2 

Whether we shall ever succeed in like manner in diminishing greatly the hiatus 
which still separates the Cretaceous and Eocene periods in Europe can not now be 

'Text-book of Comparative Geology, translated by Philip Lake, London, 1893, p. 326. 
•Principles of Geology, 1at American from the 6th English edition, Boston, 1842, Vol. I, p. 298. 

1011 



1012 EOCENE AND UPPER CRETACEOUS ON THF. PACIFIC COAST. 

foreseen, hut we must be prepared to expect, for reasons before stated, that some 
such chasms will forever continue to occur in some parts of our sedimentary series. 

Since Lyell's time the extension of geological investigation over 
much larger areas and the more thorough collecting and study of the 
fossil faunas and floras have more or less completely filled many of 
the gaps that were known to him. Numerous modern types oflife have 
beeu traced much farther back in geological history, and other types 
that have become extinct have been found to continue into later 
periods than those that were once supposed to be their limit. Series of 
strata have been found in which the evidences of ag·e usually relied 
upon seem to be conflicting, one line of investigation causing a refer­
ence to one period while a study from another direction seems to indi­
cate an earlier or later age. 

The principles of Lyell were soon formally accepted by almost all 
geologists, but there was an apparent reluctance in most cases to make 
a practical application of them. For example, when the great series 
of fresh and brackish water beds usually known collectively as the 
Laramie was first studied, it was assigned by dift'erent investigators as 
a whole to the Cretaceous or to the Tertiary, the assignment depend­
ing on the relative value accorded to the animals, the plants, and the 
facts of stratigraphy as then understood. It was only after several 
years that the idea gained many adherents that the Laramie might 
belong in part to both systems. Similarly, when the geologists on the 
Pacific. Coast found a series of marine beds known as the Chico and. the 
'l'ejon on the confines of the Cretaceous and Tertiary which in their 
opinion showed a continuity of deposition and of life, they assumed 
that the entire series must be either Cretaceous or Tertiary, and each 
investigator assigned it to the one or the other, according as he had 
seen more of the lower or the upper portion. In recent years, however, 
the fact that both Cretaceous and Eocene are represented in the Chico­
T(\jon series has been generally accepted, and it has been emphatically 
asserted that there is both faunal and stratigraphic proof of a gradual 
transition from one system to the other. · 

It is my purpose in the following pages to examine the evidence that 
has been offered to prove such a transition, especially tha;t furnished 
by the invertebrate faunas, and to determine, if possible, whether the 
faun~s are really so closely related as to be accepted as proof that they 
belong to an indivisible series.1 There can be no question that life was 
somewhere continuous from the Cretaceous into the Eocene, but that 
it was continuous in any particular region requires adequate proof to 
be accepted. 

'In 1888 Prof. Angelo Heilprin gave an excellent critical review of tho same general <[Uestion, which 
will bo discussed on a subse<[uent page, am! which bas been of great value in my studies. His conclu. 
sions, drawn from the examination of tho literature and a part of Gabb'H Tejon collections, are essen­
tially.conflrmed by my study of new collections from many localities and of the field relations at some 
of the more important places. 
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HISTORICAL REVIEW. 

The first determination of the age of any part of the Chico·T~jon 
series was made by Conrad 1 in 1855, when he described a few species 
of fossils from the neighborhood of Fort Tejon, in southern California, 
and referred them to the Eocene. He especially mentions the OCCUr· 
renee of Carcl·ita ( Vener·icardia) planicostct and two other species that 
he regards as identical with forms from the Claiborne beds of the 
Alabama Eocene. 

In the following year Trask 2 published a paper entitled "Description 
of a new species of Ammonite and Baculite from the Tertiary rocks of 
Chico Creek," thus attributing exceptional characters to the Tertiary 
faunas of California. The rocks were supposed to be at least as late 
as the Upper Eocene, on account of the large proportion of recent gen­
era found in them, but they are now known to be Cretaceous, and this 
must be regarded as the typical locality of the Chico group, to which 
it gave its name. The supposed Tertiary affinities of some of the 
·fossils will be discussed beyond. 

The Chico Creek occurrence was mentioned soon afterward by both 
Blake 3 and Newberry.4 The former thought that the beds were Mio­
cene, and mentioned the occurrence there of two species-N1tcula divari­
cata Conrad and Mactra albaria Conrad-that had been described as 
Miocene from Astoria. These identifications were both incorrect, 
as Newberry, who argued for the Cretaceous age of the deposits, 
supposed. 

The description of any considerable portion of the faunas was begun 
by Gabb in 1864 with the publication of Palreontology of California, 
volume 1, in which Conrad's Eocene fossils from Fort Tejon and others 
from the same horizon were referred to Division H of the Cretaceous, 
and all the beds now known as Chico, Horsetown, and Knoxville were 
grouped together as Division A ·Of the same system. The species 
that Conrad had identified witli eastern Eocene forms were considered 
distinct and were renamed. In the preface (p. xix) Whitney states, on 
the authority of Gabb, that the lower division "bas yielded 150 species 
in California out of about 260 collected in the Cretaceous, and of these 
only about half n dozen are common to this and the upper division 
(Division B)." No formal discussion of the age of the upper division, 
nor reasons for referring it to the Cretaceous, are given either in this 
report or in Whitney's 5 volume published in 1865. Conrad's criticism, 

'Pacific Railroad Reports, App. to Prelim. Geol. Rept. of W. P. make, Paleontology, pp. 5-20. 
Reprinted in l'acific Railroad Reports, Vol. V, part 2, pp. 317-329, Washington, 1857. 

Preyiously, in Dana's Geology of the Wilkes Exploring Expedition, pp. 611-678, Conra<l had 
described a collection of fossils from Astoria, Oreg., as Miocene. He afterward referred them to the 
Eocene, and Dall has since shown that both horizons are represented there. 

•Proc. CaliforniaAcad. Nat. Sci., Vol. I, pp. 8!>-86. 
•Pacific Railroad Reports, Vol. V, part 2, pp. 173, 188. 
•Idem, Vol. VI, part 2, pp. 24-25. 
•Geol. Surv. California, Geology, Vol. I. 



1014 EOCENE AND UPPER CRETACEOUS ON THE PACIFIC COAST. 

howeYer, called forth a, long discussion between him I and Gabb,2 in which 
the arguments against and for the Cretaceous age of these upper beds 
wer3 fully given. Conrad insisted on the Eocene character of the 
fauna, as shown by species identical or closely related with character­
istic forms of the Atlantic and Gulf border Eocene, and he suggested 
that the presence of a few Cretaceous species, if any such really were 
found with the Eocene fossils, was due to accidental mixing by trans­
portation and redeposition from previou:sly existing beds. 

Gabb, on the other hand, maintained that the Cretaceous age of the 
upper division was proved by the occurrence of Ammonites in its uppm: 
portion, by the presence of a number of other exclusively Cretaceous 
genera, such as Gyrodes, Margaritella, Anchura, and .Perissolax,3 by 
the possession of a considerable number of species in common with 
Division A, which is unquestionably Cretaceous, and by the discovery 
of "a locality near Clear J,ake .* * * where within a space of 2 
feet I found an admixtme of upper and lower forms, proving the exist­
ence of a transitionary bed, or perhaps group of beds." 4 His state­
ments concerning the number of common species are somewhat incon­
sistent. In one place he says: " Of .280 species of fossils recognized 
and named in the Calitornia Cretaceous rocks, 107 are found in this 
upper member. Of these, 84 are peculiar and 23 are found in common 
between undoubted members of this group and undoubted members of 
the older group." But statements elsewhere show that 7 of these 23 
species were not known from older beds than the "intermelliate beds" 
at J,ower Lake just mentioned. 

In 18ti!.l the second volume of Palmontology of California was pub­
lished, in which the number of species was augmented by the descrip­
tion of new forms, but the number of species common to the two 
divisions was not increa.sed. Whitney's preface to this volume gives a 
more refined classific.ation of the Cretaceous rocks of California, as 
follows: 

1. Division B of the earlier report was named the T~jon group. 
"This group contains a large and highly eharacteristic series of fossils, 
the larger part peculiar to itself, while a considerable percentage is 
found extending below into the next group and several species still 
farther down into the Chico group. Mr. Gabb considers it as the 
probable equivalent of the Maestricht. beds of .Europe." 

2. "The Martinez group is proposed provisionally to include a series 

•Am. Jour. Concho]., vol. 1, 1865, pp. 362-365; vol. 2, 1866, pp. 97-100. Smithsonian Misc. Coil. 
No. 200, Check List of Invertebrate Fossils of North America: Eocene and Oligocene, p. 37. Am. 
Jour. Sci., 2d series, vol. 44, 18G7, pp. 376-377. 

2Am. Jour. Concho!., vul. 2, pp. 87-92. Am. Jour. Sci., 2d series, vol. 44, 1867, pp. 226-229. Proc. 
CaliforniaAcad. Nat. Sci., Vol. III, 1867,.pp. 301-306. Geol. Surv. California, Paleontology, Vol. II, 
1869. 

3Probably noneofthesegenera, exceptinl(possibly the last, realJyoccurs in the Tejon. As Conrad 
showed, Perisaolax blakei is ulosely related to his Eocene genus, Levifusns, and Meek stated that 
Gabb's species of Margaritella belong to Solariella. In Vol. II, Pal::eontology of California, no species 
of Anchura is mentioned from the Tejon, and the only occurrence of Gyrodes above the Chico is in 
the intermediate beds near Lower Lake. 

4Proc. California Acari. Nat. Sci., Vol. III, p. 302. 
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of beds of small geographical extent, found at Martinez and on the 
northern flank of Monte Diablo. It may eventually prove to be wortlly 
of ranking only as a subdivision of tlle Chico group." 

3. The Chico gronp was made to include all the other Upper Creta­
ceous beds of tllC Paciilc Coast. 

4. The name Shasta group was proposed for all the Cretaceous beds 
beneath the Chico. "It contains fossils seemingly representing all 
ages, from the Gault to the Neocomian, inclusive, and is found princi­
pally in the mountains west and northwest of the Sacramento Valley." 

In the description of the species Gabb still speaks of the "iuter­
mediat~ beds," and refers to them fossils from localities near Lower 
Lake, Martinez, and Clayton. 

The first suggestion that the Tejon might be a transition series 
resulting from continuous sedimentation from the Cretaceous into the 
Eocene seems to have been made in 1874 by Cooper/ who published an 
article entitled" The Eocene epoch ·in Califo~nia-Are there really no 
Eocene strata¥" In the same year Dana published the second edition 
of his Manual of G-eology, in which the Tejon is referred to the Eocene. 

Marcou 2 discussed the age of these beds in 1876 and considered both 
the Chico and the Tejon to belong to the Eocene, and the same views 
were repeated in a later paper, entitled" Note sur la geologie de la Cal­
ifornie."3 He says that "Ammonites, Baculites, Belicoceras, etc., con­
tinued to live in the Tertiary seas of the Paciilc region when these 
genera no longer existed in the Atlantic hemisphere." 

In 1882 Heilpriu 4 announced that in studying a part of Gabb's 
collection of Tejon fossils be had found a fragment of an ammonite 
"embedded in a rock fragment belonging to the so-called TeJon group 
of Fort Tejon, Cal." He lleld that the ammonoid, which was not gen­
erically determined, was a real member of an Eocene fauna. In the 
same volume Newberry 5 commented briefly· on Heilprin's note, and 
protested against calling the Tejon Eocene, saying that "there are 
many species common to the Tejon and Chico groups, and where one 
goes the other must follow.'' Heilprin continued the discussion by 
publishing an important critical review 6 

" On the age of the Tejon 
rocks of California and the occurrence of ammonitic remains in Ter­
tiary deposits," in which he set forth all the evidence that had been 
offered for the Cretaceous age of the Te;jon, and decided that it was 
insufficient to offset the Eocene character of the larger part of the 
fauna. He showed that even if Gabb's statements concerning species 
common to the Tejon and underlying beds are accepted as accurate, 
the faunas can not be regarded as very closely related. 

· IProc. California Acad. Nat. Sci., Vol. V, 1874, pp. 419--421. 
•Ann. Rept. Geog. Surv. West lOOth Merid., for 1876. pp. 167-169. 
•Bull. Soc. giiol. France, 3d ser., Vol. XI, 1883, pp. 407--435. 
•Proc. Acad. Nat. Sci. Phila., vol. 34, i882, p. 94. 
•Pp. 194-195. 
• Iliid., pp.196-214. Reprinted in Contributions to Tertiary Geology and Paleontology of tbe United 

States, pp. 102-117, Philadelphia, 1884. · 
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In 1885 Whit.e 1 discussed the age and relations of the Chico-Tejon 
series, the two names being thus united for the first time to express his 
idea of the close connection of the fauna and strata. His principal 
conclusions are summarized in the following paragraph: 

Since in all other parts of the earth where Mesozoic and Cenozoic strata have been 
fully stmlie1l, the boundary, both faunal au!l stratigraphical, between the Upper 
Cretaceous and Lower Tertiary has been found to be well defined, many persons, 
apparently regarding that condition as the normal or natural one, have believed 
that the commingling of the Tertiary and Cretaceous types, which was shown by 
Gabb's publications, really did.not exist in nature, but that It was due to some acci­
dental or adventitious causes. While the commingling of Cretaceous with Tertiary 
types in the same strata probably does not exist to as extreme a degree as seems to 
be indicated in some of Mr. Gahb's earlier writings, I am satisfied that such a com­
mingling does exist to a large extent, and that an alternate commingling of 
species exists throughout the whole of the Chico-Tejon series. That the upper part 
of t.his series is almost purely of Eocene character and that the lower part is as 
distinctly Cretaceous is, I think, undeniable. Still, I am satisfied that no definite 
horizon exists in that series which will separate all the Cretaceous from the Tertiary, 
and that no lines can be drawn which will separate a median portion of the series 
in which all the commingling of types takes place. 

The region about New Idria, Cal., is cited as presenting the "most sat­
isfactory illustration of the intimate stratigraphical connection between 

· the Chico and Tejon groups," but no commingling of the faunas was 
observed there, and very few fossils were obtained from the Chico, He 
states, however, that-

The exact equivalents of this New Idria series of rocks are found in the vicinity 
of J\f artinez, in Contra Costa County, as well as m other parts of California. At 
.Martinez and other localities a commingling of Cretaceous and Tertiary types such 
as has already been referred to actually occurs, but in all cases the Tertiary types 
appear to increase toward the upper part of the series and the Cretaceous types 
toward the lower part. In other words, it appears that the base of the series has a 
preponderance of Cretaceous types an1l the upper part a preponderance of Tertiary. 

The l!Jocene age of the Tejon was again mentioned by White 2 in 
announcing the oceurrence of Ca·rdita planicosta Ijam. in Oregon, and 
the evidenee of conformability and stratigraphic continuity of the 
Chico-Tejon series was presented by Becker 3 in 1885. 

In subsequent publications White~ has repeated essentially the same 
views. In the first of these he says: 

Therp seems to he no longer any reason why one should hesitate· to accept it as a 
demo'hstrated fact that we have in California a continuously deposited series of 
strata, the lower portion of which is characteristically Cretaceous and the upper 
portion of which is no less characteristically Eocene Tertiary, and that the Cretaceous 
charact.eristics gradually disappear upward, leaving the surviving fauna with its 
later accessions without any commingling of Mesozoic types. 

Further on in the discussion of the fauna he adds: 
Besides the numerous moll us can species of Tertiary types which Mr. Gab b described 

'BuJI. U.S. Geol. Snrv~y No, 15, pp. 11-17. 
'Bull. U. S. Geol. Survey No. 18, pp. 7-9. 
•Bull. U.S. Geol. Survey No. ln. 
•Bull. U.S. Geol. Survey No. 51, 1889, pp.ll-14. Bull. U.S. Geol. Survey No. 82,1891, pp. 181-:98. 
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and figurecl from the Chico-Tejon series in the two volumes of Palmontology of Cal_.. 
ifornia, I may refer for present comparison to the following, among others, which 
are described and figured in this bulletin: Fulgur hilgm·di, Cominel/a le'contei, and 
li·oplwn condoni. An<l yet I have broken these fossils out of the _matrix in which 
they were embellded and wherein they were commingled with such Cretaceous types 
as Ammonites ohicoensiB Trask, Raculites chicoensis Trask, Cinul-ia obliqua Gabb, Tri­
gonia evansa11a Meek, anll InocemmuB 1vhitneyi Gabb. Still, in tho collections here 
particularly referred to, which come from well down in the Chico portion of the 
serics, 1 the Tertiary types are somewhat more conspicuous as to numbers than the 
Cretaceous types. 

Clark 2 has also given a careful review of the literature on the T~jon 
formation, which he regards as a representative of probably the entire 
Eocene. The continuity of life and deposition from the Cretaceous to 
the Eocene is accepted as proved. 

Harris 3 has compared the Tejon fauna as developed near Fort Tejon 
with the fauna of the Lower Claiborne of the Gulf border, Rho wing that 
a number of species are identical and others are closely similar. As 
the Olaiborne is not the oldest Eocene of the Southern States, it was 
suggested that older Eocene faunas ought to be found in California. 
It should be remembered in this connection that the fossiliferous beds 
in the neighborhood of Fort Tejon probably represent the upper part 
of the Tejon formation in the Mount Diablo region. 

Meanwhile the geologists of the United States Geological Survey, 
especially Messrs. Diller and Turner, had collected Tejon and Chico 
fossils from many localities in California, Oregon, and Washington, 
which were referred to the present writer for determination. The 
study of these collections from localities north of middle California 
showed no evidence of a. gradual transition from one fauna to the other 
in that region, and Diller 4 reported that there is a decided unconformity 
between the Cretaceous and the Tejon iu Oregon. The fauna of the 
basal beds of the Chico was shown to be closely connected with the 
older Horsetown fauna, and probably as old as the Cenomanian, and 
the suggestion was made that the latest Cretaceous is not represented 
in the Chico. In 1894 a joint paper was puhlishPd by Diller and Stan­
ton5 in which the same views, slightly modified, were expressed after 
they had visited together the more important Cretaceous localities in 
the Sacramento Valley. The following quotation will show their views 
at that time: 
· It is a significant fact that the most abundant Ammonites of the Chico belong to 
the genus Schloenbachia (in the broad sense in which the name is usetl in Europe). 
A-mmoniteB chicoensis, A. tehamaensis, and two undescribed species· belong here, and 
ihese are all found in the upper beds of the Chico. In other American Cretaceous 
areas this genus does not pass above the top of the Colorado formation and its 

•From localities on Little Cow Creek and near Pence's ranch, both on the east sit!e of Sacramento 
Valley. It may be noted in passing that none of the "Tertiary types" wentioncd have yet been found 
in the Tejon. 

•null. U.s. Geol. Survey No. 83, Correlation Essays, Eocene, pp. 95-110. 
•Science, Au_g.l8, 1892, vol. 22, p. 97. 
•See Diller in Bnll. Geol. Soc. Am., vol. 4, 1893, pp. 218-220, and Stanton, ibid., p. 255. 
• Bull. Geol. Soc. Am., vol. 5, pp. 435--464. 
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eqnivalents, 1 and in Europe it seems not to occur above the "Emscher Merge]," or 
lowest Senonian. Ammonites turneri, which was fonud near Mount Diablo associated 
with Auclium caUfornica·ancl other Lower Chico species, is an Acanthoceras closely 
related to European species that ocenr iu the Ceuomanian. The other Ammonites 
known from tlteso bed~; do not resemble tltose characteristic of the latest Cretaceous. 
The two abnntltlnt species of l'rirtonia, 1'. eransana, and 1', leantt likewise have their 
nearest relative in the lower pa.rt of the Upper Cretaeeons of Enrope. * • " 

In Oregou the Tejou appears to over he uucoufornmbly the Shasta-Chico series 
nuder snch comlitions as to suggest that a considerable period of erosion occurred 
between the upliftiug of th:tt series awl the depositiOn of the Tejon. The fauuas ot 
the Chico and the Tejon as devclope<l there arc eutirely distmct. The stratigraphic 
and faunal evidence tends to show that in the regiou in which we have studied it 
the Chico <loes not represent the very latest Cretaceous t1mc, perhaps not later than 
the close of the Colorado epoch, or the Turonian an<l earliest Senouian of Europe. 

For the present, therefore, the Shasta-Chico series may l>e regarded as represent­
ing the whole of the Lower Cretaceous and the en.rlier half of the Upper Cretaceous, 
with the proviso that there may he still later Cretaceous beds iu middle California, 
where the Chico and Tejon nre said to be conformable ami their faunas have been 
reported to contain a number of common species. 

It is seen from a study of the literature that the evidence for the 
close faunal eonnection between the Chico and the Tejon depends almost 
entirely on Gabb's observations and collections in the Mount Diablo 
region, ineludiug Martinez, Benicia, and Clayton, and near Lower Lakt>, 
in Lake County. The verification of the evidence involves the study 
of the stratigraphy and the vertical range of the species at these local­
ities and the determination of the limits of Gabh's Martine>~ group and 
"'intermediate beds." It will also be necessary to eharacterize the 
Chico fauna briefly with special reference to the Tertiary types it is 
supposed to contain, and to describe some of the more important fossils 
from the Lower Tejon. 

At the outset a serious difficulty is encountered owing to the fact 
that no stratigraphic or lithologic definitions of the vario{ts subdivisions 
were given in the publications of the California Geological Survey, nor 
were the localities at which fossils were collected usually described with 
sufficient definiteness and aceuraey to enable one to identify them in 
the field. For example, the locality "Martinez" is given for a large 
number of species assigned to the Chico, the Martinez, and the Tejon 
groups and the intermediate beds, but it is evident from the distribu­
tion of the outcrops that these fossils must have been collected at many 
localities seattered over au ania extending probably 4 or 5 miles south, 
southwest, and southeast of Martinez. The Clayton and Benicia local­
ities likewise eover considerable areas in which several horizons are 
exposed. 

The field observations embodied in the followmg notes were made· 
during the summers of 1893 and 1894, part of the time independently 
and part of the time in the field parties of Messrs. H. W. Turner and 

IA possible exception to this statement, not given in tlw paper quoted, is Am-1nonites dela1narensi.'l 
Morton, which in New Jersey and Texas occurs associated with·a fauna t.bat can hardly be referred 
to a horizon lower than the :Fort Pierre. 
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J. S. Diller, to both of whom l am greatly indebted for material col-
lected and assistance rendered. Dr. John C. Merriam, of the University 
of California, spent ·a few days with me in the vicmity of Clayton a11d 
Mount Diablo, and in subsequent correspondence he has communicated 
important facts obtained in the course of detailed field work in that 
region. 

For free access to the collections and in some cases for the loan of 
important material, I am under great obligations to the officers in 
cl.targe of the collections in the Academy of Natural Sciences, Phila­
delphia, the United States National 1\'i:useum, the University of Cali­
foruia, and especially the California State Mining Bureau. · 

LOCAL DEVELOPMENT AND STRATIGRAPHY. 

MOUNT DIABLO REGION. 

The area to be discussed under this title includes localities on Currys 
Creek, south of Mount Diablo, Clayton, and the coal mining villages a 
few miles north and northeast of the mountain, Pacheco and north­
westward to Martinez; and Benicia, on the Strait of Carqu1nez. Mount 
Diablo itself is about 27 miles north of east from San Francisco. Clay­
ton is near the north base of the mountain and 13 miles southeast of 
Martinez, with Pacheco on the road between the two places and about 
6 miles from Martinez. 

Notes on the geology of this region have been published by Blake 
and Newberry in the volumes of the Pacific Railroad Heports already 
cited. It has also been described by Whitney/ and more recently 
Turner 2 has given a more detailed description of the area immediately 
surrounding· the mountain. His notes and collections from the neigh­
borhood of .i\'Iarti11ez and Benicia have also been placed at my disposal 
all(l have been freely used. 

The unaltered sedimentary rocks, among which the Knoxville, Chico, 
Tejon, :Mioeene, and Pliocene are recognized, dip steeply away from 
J\'louut Diablo on all sides, but toward Martinez the general structure 
is that of a parallel series of anticlinal and synclinal folds with a north­
westerly strike. The harder beds form ridges, sometimes of eousld­
erable height, but they are usually rounded and soil covered, with 
comparatively small rock exposures. The intervening valleys and many 
of the ridges themselves are cultivated fields, and no single section of 
any length across the strike shows more. than a small. proportion of the 
beds. There are some exceptions to this statement near the coal mines 
east of Clayton, where there are large expmmres of Tejon sandstone, 
and in the.bluff near the arsenal at Benicia, where a large part of the 
Chico and the Lower Tejon are fairly well exposed. 

The Knoxville beds are recognized on the north side of Mount Diablo 
by the occurrence of Atteella piochii Gabb and a few other forms at . 

l Geol. Sun·. California. Geology, Vol. I, pp. 11-32, 100-102. 
'Bull. Geol. Soc. Am., vol. 2, 1891, pp. 383-414. 
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several points, but no fossils characteristic of the Upper Knoxville or 
of the Horse town beds have been found in this region. 1 These horizons 
may be represented iu the unfossiliferous beds of considerable thickness 
between the Aucella localities and the lowest known Chico fossils, 
though for our present discussion the question is not important. Fos 
siliferous strata occur in the Chico on Cnrrys Creek (or Currys Caiiada) 
south of Mount Diablo, where they have yielded-

Trigonia cvansana Meek. 
Caryatis nitida Gab b. 
Mactrn tenuissirna Gabb. 
Anchura californica Gabb. 

Scobinelb dilleri White. 
AcantlJOceras tnrneri (White). 
Baculites cLicoensis Trask. 

The Acanthoceras and the Anchura indicate a rather low horizon in 
the Chico, the former being of a type that m Europe is regarded as 
characteristic of the Cenomanian. 

On the north and east sides of the mouutain ~he Cretaceous beds 
overlying the AuceUa-bearing horizon were not found to be fossilifer· 
ous excepting near the top of the Chico exposed in the end of a hill 
one-half mile north of Clayton, where a few specimens of Baculites 
chicoensis and of undetermined species of Corbula and Nucula were col­
lected. Another locality, about a mile northeast of Clayton and a short 
distance north west of one of the abandoned coal mines (the old Peacock 
mine), yielded Baculites chicuen.~is and casts of a large species of Mactra. 
This is a somewhat higher horizon than the last-mentioned locality, and 
is the highest horizon of this neighborhood at which Chico fossils were 
found. It is not more than 400 feet beneath the Tejon coal beds, which 
have suffered some displacement, and the topography is such that at 
first sight one might think the coal beds are.Jower than the fossil hori· 
zon. This fact is suggestive when it is rememb'ered that one of Gabb's 
localities for ammonites in the Tt;jon is in this immediate neighborhood. 

The thickness of Cretaceous strata from the Aucella bed to the 
highest Chico fossils is estimated at not more than 5,000 feet in this 
section. The rocks are dark clays, interbedded with bands 9f sand­
stone that are brown on weathered surface and dark-bluish within. 
The sandstones become thicker and generally softer toward the top. 

The contact betw·een the Chico and the Tejon was not found exposed 
at· any pl;1ce near the coal mines east of Clayton, but it is evident that 
the coal beds are not far above the base of the Tejon. Gabb reports 
the occurrence of Cucullma matthewsoni and Fasciolaria lmviusc·ula in the 
"intermediate beds" beneath the coal near Clayton, thus indicating a 
horizon much better represented by fossils near Pacheco, Benicia, and 
Lower Lake. At Summersville, one of the coal-mining villages east of 
Clayton, an undescribed species of Corbicula occurs abundantly in a 
layer beneath the lower coal bed. ' 

The beds associated with and immediately overlying the coal consist 

JGabb reports Ammonities batesi Trask, a characteristic Horsetown species, from the Chico at 
Benicia. I have not been able to find this specimen in any of the collections, but it was most pro b. 
ably not correctly identified. 
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mostly of light-colored, rather coarse, friable sandstone, 400 or 500 feet 
in thickness. In most of the exposures examined they are fossiliferous 
only in the upper part, where they contain a typical Tejon faun::~, like 
that described from Fo{'t Tejon. Probably the lowest of these fossil­
iferous horizons above the coal is exposed in a low hill just west of 
Summersville and south of the cemetery, in sandstones not more than 
100 feet above the principal coal bed mined there, and perhaps 300 feet 
above the base of the sandstones. The following species have been 
identified in the collection from this place: 

Modiola ornata Gabb. 
Y enericanlia planicosta Lam. 
Lucina gyrata (Gabb). 
Corbula parilis Gab b. 
Tellina hoffmanniana Gabb. 
Tnrritella uvasana Conrad. 
Solarium cognatum (Gabb). 
Ficopsis remondi Gab b. 
Aturia matthewsoni Gabb~ 

Pcctunculus sagittatus Gabb. 
Cardium cooperi Gabb. 
Solen parallelns Gab b. 
Meretrix u vasana Conrad f 
Corbula hornii Gabb. 
Amanropsis alveata (Conrad). 
Rimella macilenta White. 
Fusus californicus Conrad. 

The Tejon strata, dipping strongly northward, may be traced almost 
continuously from Summersville west toward Clayton for 3 or 4 miles, 
and fossils evidently belonging to the same fauna with those named 
above are abundant at several places at horizons apparently all some­
what above that at Summersville and ranging through a thickness 
of several hundred feet. One of the most prolific of these localities is 
on a hill south of the Clayton-Summersville road and about 2~ miles 
N. 350 E. of Clayton, where the following species were obtained: 

Leda gabbi (Conrad). 
Nucula (Acila) truncata Gab b. 
Crassatella grandis Gahb. 
Crassatella uvasana Conrad. 
Tellina hoffmanniana Gab b. 
Meretrix nvasana Conrad. 
Lunatia riuciformis Gab b. 
Lunatia hornii Gabb. 
Galerus excentricus Gabb. 
Solarium cognatnm (Gabb). 

Fnsns diaboli Gabb. 
Perissolax blakei (Conrad). 
Plenrotoma (Drillia) raricostata Gabb. 
Bela clathrata Gab b. 
Fusus occidentalis Gabb. 
Pleurotoma sp. 
Ficopsi:s remondi Gabb. 
Conns.remolllli Gabb. 
Olivella rnatthewsoni Gab b. 
Cylichua cost.ata Gabb. 

At other localities a little farther west, where smaller collectionswere. 
made, many of the same species were obtained, together with a few 
others, such as-

Venericardia planicosta Lam. 
Mysia polita Gab b. · 
Nemra dolabr::eformis Gabh. 
Gadus pusillus Gab b. 

Dentalium straminenm Gab b. 
Tritonium hornii Gab b. 
Ficopsis hornii Gabb. 
Megistostoma striata Gab b. 

The fauna represented by these lists is clearly the original Tejon 
fauna that occurs in the neighborhood of Fort Tejon, New Idria, and 
elsewhere along the coast ranges to Washington. Its Eocene character 
has been recognized by Conrad, Marcou, Heilprin, White, and others. 
The Tejon beds above these fossiliferous zones have yielded no fossils 
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in the coal-mining district east of Clayton, but the strata assigned to 
the Tejon, consisting of massive light-colored sandstones with thinner 
beds of clay, have an apparent thickness of at least 4,000 feet. They 
arc overlain by fossiHferons Miocene beds, which seem to have the 
same dip, though the actual contact was not seen. 

In the long ridges west of the road between Pacheco and Martinez 
the upper parts of the Tejon and the Miocene are again exposed, with a 
northwest strike and a steep dip to the southwest. A fossiliferous hori­
zon in the Tejon here is apparently higher in the series than those ncar 
Clayton, as it is not more t4an 1,000 feet below the fossiliferous Miocene. 
At a point 1 mile northwest of Pacheco the following species were 
found in this upper horizon of the Tejon: 

Pectunculns sagHtatus Gabb. 
Nucnla truncata Gabb1 
Cardium cooperi Gabb. 
Meretrix: uvasana Conmd f 

Solen parallelns Gabb. 
Lucina gyrata (Gab b). 
Turritella uvasana Conrad. 

This locality is on or near the line of Gabb's diagrammatic "section 
from near Pacheco to the Canada del Hambre," 1 and is in the sand­
stones there marked b'. This section, which is 4 miles in length, bas 
Chico strata at each end, with Tejon, Miocene, and Pliocene in regular 
succession toward the middle, tlms showing synclinal structure, probably 
somewhat modified in places hy faulting. The same structure is con­
tinued all the way to Martine;r, and Benicia. It is indicated at lVIartinez 
by the occurrence of the Chico on Bulls Head Point, east of the town, 
and in the hills on the west, with exposures of the Tejon between them. 

There is another fossiliferous hori;r,on in the T~jon several hundred 
feet below the one near Pacheco just mentioned. It is exposed in the 
ridge cast of the roarl from Pacheco to Martinez, and was found to be 
most fossiliferous near the southern end of this ndge, 1 mile north of 
Pacheco, in the angle between the roads to Martinez and to the Pacheco 
warehouse. · 

The fossils from this locality were not all found in place, some of them 
being in stone heaps collected from the field; but they are evidently all 
from approximately the same horizon, since they arc found in similar 
association elsewhere. Many of them were collected by Mr. H. W. 
'.rurner. The list of identified species is as follows: 

Leda gabbi Conrad. 
Leda almformis (Gabb). 
Pectuncnlus sagittatus Gabb' 
Venericardia planicosta Lam. 
Tapes f. quadrata Gab b. 
Mactm sp. 
Corbula parilis Gab b. 
Dentalium cooperi Gabb. 
Turritella infragranulata Gab b. 
Turritella pachecoensis Stanton 

='f. Saffordi Gabb. 
Lunatia nnciformis Gab b. 

Lunatia sp. 
Brachysphiugus liratus Gab b. 
Nassa antiquata Gab b. 
Heterriterma striata Stanton. 
Urosyca caudata Gab b. 
Tritonium whitneyi Gabbf 
Mitra cretacea Gabb. 
Cancellaria turneri White. 
Strepsidnra pa.checoensis Stanton. 
Siphon alia T lineata Stanton. 
Ampullina striattL Ga.bh? 
Cylichna costata Gabb. 

1 Gool. Snrv. C~lifornia, Geology, Vol. I, p.l4. 



STANTON.] MOUNT DIABLO REGION. 1023 

These fossils represent a well-defined fannal zone, which I refer to 
the basal portion of the Tejon, It occurs a.t Benicia and near Lower 
Lake, and the fossils described from it by Gabb were assigned in part 
to the Martinez group and in part to the Tejon and the ''intermediate 
beds," which will be more fully discussed iu connection with the Lower 
Lake. localities. 

The next fossiliferous horizon exposed north of Paclleco is some 
1,200 or 1,500 feet lower, in bands of conglomerate forming low ridges 
and knolls, where the following species were obtained: 

Meekia sella Gab b. 
PhaTella alta Gab b. 
Tellina matthewsoni Gab b. 

Lutrariu, truucu,ta Gabb. 
Perissolax brevirostris Gabb, variety. 

The same horizon is exposed in the first range of hills west and 
southwest of Martinez, where it yields a greater variety of fossils, as 
follows: 

Mytilus pauperculns Gab b. 
Pectunculns veatchi (Gabb). 
Meekia sella Gab b. 
Meretrix arata Gabb. 
cb'ione varia~s Gab b. 
Tellina ooiues Gab b .. 
Corbula cultriformis Gab b. 

Solarium inornatum (Gabb). 
Gyrodcs expansa Gab b. 
Gyrodes conradiana Gabb. 
Pugncllus hamulus Gab b. 
Perissolax brevirostris Gabb, variety. 
Helicoccras ~ vermicularis Gab b. 
Pachydiscus sp. 

These fossils clearly belong to a Cretaceous fauna not distinguish­
able from the Chico, and they are all distinct from the species collected 
in the next higher fossiliferous bed, the Lower Tejon of the same region. 

The strike of these Chico and Lower Tejon beds carries them across 
the Strait of Carquinez from Martinez to the neighborhood of Benicia 
and Army Point, where they are somewhat better exposed along tlle 
shore from Army Point station for a mile or more northeastward. The 
most fossiliferous horizon in the Cretaceous of this section is a con· 
glomerate that crops out in bluffs near the shore a little over a mile 
nol"theast of the station. The fossils obtaineu were-

Cucnllrna gravida (Gabb). 
Pectuuculus veatchi Gab b. 
Trigonia leana Gab b. 
Trigonia evansana Meek. 

Turri tella sp. 
Rostellites gabbi (White). 
Ammonites jugalis Gab b. 

The overlying beds consist of brownish sandstones interbedded with 
clays, dipping steeply to the southwest, excepting at one point, where 
for a short distance the dip is reversed. They contain occasional Cre­
taceous fossils, snell as Inoceramus tvhitneyi, 111eekia sella, Pharella alta, 
and Chione varians, the last of these Cretaceous fossiliferous bands 
being ncar the principal arsenal building at Army Point. If there are 
no local folds or faults, the total thickness of beds containing Chico 
fossils in this section is not less than 3;ooo feet. 

Above the recognized Chico there are 1,200 or 1,500 feet of strata, 
consisting mainly of light-colored sandstones, in which no fossils were 
found, followed by similar fossiliferous sandstones exposed in a low 
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bluff' not more than 200 yards northwest of the railroad station at Army 
Point. Here the following species were collected: 

Flabellum relllondianum Gabb. 
Cuculhea matthewsoni Gab b. 
Nucula sp. 
Crassatella sp. 
Tapesf quadrata Gabb. 
Meretrix sp. 
'l'ellina f ~undulifera Gab b. 
Mactra sp. 

Pholadomya nasuta Gabb. 
Turritella infragrannlata Gab b. 
Lnuatia sp. 
Perissolax blakei (Conrad). 
Urosyca caudata Gabb. 
Ampullina striata Gab b. 
Actwou sp. 

Another exposure on the railroad between Army Point and Benicia, 
apparently several hundred feet higher in the section, yielded the fol­
lowing species belonging to the same fauna: 

Modiola ornata Gab b. 
Pectunculus sagittatus Ga.bb~ 
Nucula (Acila) truncata Gab b. 
Meretrix sp. 
Tellinaf undulifera Gabb. 
Tellina hoffmanniana Gab b. 

Fusus fiexuosus Gabb. 
Tm:ritella infragranulata Gab b. 
Brachysphingus liratus Gab b. 
Cylichna costata Gab b. 
Actrnon sp. 

The fossils from these two exposures are elsewhere closely associated, 
belonging to the fauna of the lower Tejon, and it is probable that there 
has been some folding or faulting that has caused a repetition of the 
same beds. It should be noted that this fauna contains no types that 
can be considered characteristically Cretaceous, while there are some, 
such as the coral Flabellum, that are not known in beds older than the 
Eocene. The species are different from those of the latest Cretaceous 
fossils of the same section, though here, as elsewhere, there is a con­
siderable thickness of barren strata between. 

LOWER LAKE AND ~'HE INTERMEDIATE BEDS. 

Another important locality is near the village of Lower Lake, in 
Lake Count.y, about 75 miles north of San Francisco, where Gabb 
reported the discovery of intermediate beds which showed a comming­
ling of the Chico and the Tejon faunas in a single thin stratum. His 
list of fossils from lmil!3 southeast of Lower Lake is a.s follows: 1 

t* Avicula pellncida Gab b. 
Lima multiradiata Gab b. 
• Axinrna veatchi Gab b. 
t"Cuculhea matthewsoni Gabb, 
t Crassatella graudis Gab b. 
tTapes conradiana Gab b. 
Corbula alwformis Gab b. 
• Turritella saffordi Gab b. 
t• Amauropsis alveata (Conrad). 

* Gyrodes expansa Gab b. 
* Lunatia shumardiana Gab b. 
tGalerus excentricus Gab b. 
t Spirocrypta pileum Gab b. 
t Brachysphingus liratus Gab b. 
*Perissolax brevirostris Gab b. 
t Fusus californicns Gab b .. 
t Fasciolaria lrevinscula Gab b. 

Considerable eollcctions were made by me from the original locality 

1The species marked thus * were reported to ocenr in the Ch,ico, and those marked tin the Tejon. 
Some of the supposed Chico species do not really occur in that formation, ancl it iH almost certain 
tlmt several of the identifications were incorrect. 



STANTON.) LOWER LAKE AND THE INTERMEDIATE BEDS. 1025 

on Herndon Creek, and also from material taken from a well at an old 
brickyard one-fourth mile nearer town, but on the same horizon. The 
following species were obtained: 

Flabclluru.remondianum Gabb f 
Fragment. 

Terebratnlina tejoneusis Stanton. 
Plicatula ostreiformis Stanton. 
Lima multiradiata Gab b. 
Perna sp. 
l\Iodiola ornata Gab b. 
Cncnlhea matthcwsoni Gab b. 
Pectnncnlns veatchi, var. major 

Stanton. 
Led a gabbi Conrad. 
Leda almformis (Gabb) 

. = Corbnla aheformis. 
Crassatella unioides Stanton. 
Venericanlia planicosta Lam. 
Lucina turneri Stanton. 
Meretrix sp. 
Tellina hornii Gabb f 
Tellina mqnalis Gabb, 
Tellimi. hoffruauniana Gab b. 

Solen parallelns Gabb. 
Dentalium coopeTi Gab b. 
Patella sp. 
Turritclla pachecoensis Stanton 

=T.saffordi Gahb. 
Turritella martinezensis Gab b. 

· Turritella infragranulatu Gab b. 
Lunatia hornii Gab b. 
Ampnllina striata Gab b. 
Galerns excentricns Gabb. 
Cerithiopsis alternata Gabb. 

· Brachysphingns liratns Gab b. 
Urosyca caudata Gab b . 
Heteroterma gabbi Stanton. 
Heteroterrua striata Stanton. 
Siphonalia f lineata Stanton. 
Cypraia hayerqnei Gabb. 
Act.mon sp. 
Cylichna costata Gabb f 

While this list contains several species that have not been found else· 
where, it also contains a large proportion of the most characteristic 
forms of the Lower Tejon at Benicia (Army Point) and near Pacheco, 
so that there can be no doubt that practically the same horizon is 
represented at all three places. Chico species, with the exception of 
forms that appear to be specifically identical with Pectuncultts veatc!ti 
and Tellina hoffmanniana, are absent. One of the forms which I have 
referred to Heteroterma was probably identified by Gabb as Perissolax 
brevirostris, and his Gyrodes. expansa was probably also an erroneous 
identification. 

The paleontological evidence, therefore, w·arrants the reference oftbe 
"intermediate beds" to the lower part of the T~jon as it is developed 
in the l\fount Diablo region, where some localities of the same zone 
must have been included in Gabb's Martinez group. 

Owing to the absence of other recognizable horizons, the stratigraphy 
of the Lower Lake region adds little to our knowledge of the position 
of the zone. The fossils enumerated above occur not more than 300 or 
400 feet north of the southern edge of a belt about 2 miles wide, con­
sisting largely of light-colored sandstones with some beds of clay and 
bands of conglomerate. The strike is nearly east and west, and the dip 
is very high, often vertical. South of this sandstone there are heavy 
beds of crumpled clay-shales with thin sandstones and oceasional cal­
careous lenses. These are doubtless of Cretaceous age, but in the 
absence of fossils their exact horizon could not be determined. Pre• 
cisely similar beds occur on the north side of the sandstone belt at a 
locality on the north side of Cache Creek about 2'k·miles northwest of 

17 GEOL, PT I--65 
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Lower Lake, and some 400 feet within the sandstone belt a number of 
the Lower Tejon species were found, including-

Ostrea ·appressa Gab b. 
Perna sp. 
Leda alrnformis (Gabb). 
Meretrix sp. 
Tellina sp. 

Dentalium cooperi Gab b. 
Turritella pachocoensis Stanton. 
Natica sp. 
Ancillaria sp. 

This locality is about 2 miles across the strike from the localities 
that yielded the larger collection from the same horizon. It is evident 
that we have here a closely folded syncline, the rocks between the two 
localities of Lower Tejon probably having a thickness of 3,000 or 4,000 
feet. The few fossils that have been found in the intervening beds 
include an Ostrea, a Natica, and Crassntella uvasnnn Conrad, the latter 
being an Upper Tejon species. Possibly there are later beds in the 
middle of the fold, but it is more probaple that the entire thickness 
belongs to the Tejon. 

.NEW IDRIA. 

This locality, 150 miles southeast of Sa!l :H'rancisco, has been men­
tioned by White 1 as affording the most satisfactory evidence of the close 
stratigraphic connection between the Chico and the Tejon, and the gen­
eral geology of the region has been fully described in Becker's Geology 
of the Quicksilver Deposits of the Pacific Coast.2 The Chico and Tejon 
beds have been described more in detail by Turner, 3 with lists of fossils 
.from the T~jon determined by Stanton. Collections were also made 
here by the State Geological Survey, and several Tejon species from New 
Idria are mentioned by Gabb in the Palreontology of California. The 
Chico and Tejon are described as consisting almost entirely of sand­
st.ones in an apparently conformable series not less than 10,000 feet 
thick. The upper portion, which is referred to the Tejon, is lighter 
colored than the lower or Chico portion. The latter is generally unfos­
siliferous, having yielded only a few fragmentary specimens of Ammon­
ites, Baculites, Trigonia, etc., sufficient, however, to prove its Cretaceous 
age, though there is a long interval between the last of these fossils and 
the lowest.Eocene species, which occur near the base of the beds mapped 
as Tejon. This lowest fossiliferous zone in th~ Tejon of New Idria is 
well developed in De Los R.eyes Canyon, occurring a few feet below the 
base of the lowest horizon of white sandstone cliff's in the section. The 
collections made there and at other localities on the same horizon in 
the neighborhood by Mr. Turner, and subsequently by myself, contain 
~he following species: 

Cristellaria sp. 
Modiola ornata Gab b. 
Cardium cooperi Gabb. 

Ostrca i<lriaensis Gab b. 
Pectunculus sagittatus Gab b. 
Cardium breweri Gab b. 

'Bull. U. S. Goo!. Survey No. 15, p.l3. 
•1\:[on. U.S. Geol. Survey, Vol. XIII, pp. 294-300. 
3 .Am. Geologist, Vol. XIV, pp. 92-96. 



STANTON. j NEW IDRIA AND lWRT TEJON. 

Meretrix uvasana Conrad. 
Tellina rci\).ondi Gab b. 
Mactra sp. 
Amauropsis alveata (Conrad). 
Turritella uvasana Conrad. 
Ficopsis remondi Gab b. 
Morio (Sconsia) tuberculatus Gabb. 
Cylichna costata Gab b. 

Tapes couradiana Gabb. 
Tellina hornii Gabbf 
Dentalinm cooperi Gabb. 
Neverita globosa Gabb. 
Rimella macilenta White.' 
ConuS remondi Gab b. 
Fasciolariaf io Gabb. 

Another horizon, some 500 feet higher, yielded: 

Ostrea idriaensis Gab b. 
Area sp. 
Tapes conradiana Gabb. 
Corbula hornii Gab b. 
Nerita (Theliostyla) triangulata Gabb. 

Modiola ornata Gab b. 
Venericardia planicosta.Lam. 
Solen parallelus Gab b. 
Galerus excentricns Gabb. 
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Between these two horizons some shaly beds, associated with lignitic 
bands and apparently of brackish-water origin, contain great numbers 
of Potamides carbonicola Cooper and Corbicula sp. Near the top of the 

. Tejon of this region, and probably included in it, are shales with Mysia? 
polita Gabb and Pecten i·nterra{liatus Gabb. 

The Tejon fauna of this region contains no Mesozoic elements, and it 
seems to belong entirely to the Upper Tejon of the Mount Diablo region, 
though it is very probable that the basal Tejon beds are represented in 

. the nnfossiliferous strata of New Idria. 

FORT TEJON. 

The fossils from the country about Tejon described by Conrad and 
Gabb and those collected by Turner and Becker also indicate the same 
Upper Tejon horizons as at New Idria. Gabb lists more than 80 species 
from Fort Tejon, but nearly all of the characteristic species found in 
the Lower Tejon at Lower Lake, Benicia, and near Pacheco are absent. 
According to the descriptions of the region given by Blake 2 and Whit­
ney,J there seem to be no Chico or older Cretaceous beds in the section, 
the Tejon resting directly on metamorphic and crystalline rocks. 

SAN DIEGO AND OTHER LOCALITIES IN SO_IJTHERN CALIFORNIA. 

Both Chico and Tejon rocks are exposed on the coast near San Diego, 
and species characteristic of both formations were described from there 
by Gabb. Fairbanks 4 has described the field relations of the beds, 
and has given partial lists of the fossils identified by Cooper, who has 
since published 5 fuller lists and described some new species. Valuable 
collections of fossils and notes illustrated by maps have also been sent 
to Dr. W. H. Dall by Mr. Homer Hamline, of San Diego, and these 

1 The tn>ea of thia apecies which were collected here were inadvertently referred to the Chico. 
(Bull. U. S. Geol. Survey No. 51, p. 20.) It may be identical with R. canalifera Gahh. 

•Pacific Railroad Reports, Vol. V, Part II;pp. 46-50, 163, 197-211. 
'Geol. Surv. California, Geology, Vol. I, pp. 186-197. 
•Am. J"our. Sci., ad series, Vol. XLV, J"une, 1893, pp. 473-478, and Eleventh Rept. California State 

Mineralogist, 1893, pp. 94-98. 
•Bull. California State Mining Bureau No.4, pp. 37-51, 60-63. 
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have been studied by me. Through the courtesy of the State min­
eralogist, Mr. J. J. Crawford, and other officials of the California 
Mining Bureau, I have been permitted to study Fairbanks's San Diego 
collections, and also the fossils listed by Watts 1 from Coalinga, the Cali­
fornia and San J oaquiu coal mines. The· published lists from all these 
localities indicate some mixing of Chico and Tejon species, but on care­
ful examination of th~ fossils it is found that all the Cretaceous species 
cited from 'fejon localities, such as the coal mines mentioned, were 
wrongly identified. 

The locality at the west base of Point Lorna, near San. Diego, yielded a 
·characteristic Chico fauna, but, omitting erroneous identifications; there 
are with it a few forms, such as Cylichna costata, Solen diegoensis ( ¥), 
and Tapes qttadrata ( ¥), that seem to belong to the Tejon. Besides 
these there are Pectunculus t•eatchi var. major and Crassatella lomana, 
closely related to C. unioirles, both of which suggest the basal Tejon 
beds of Lower Lake. It should be noted, however, that part of Fair­
banks's collection was obtained from bowlders, and although he· was 
confident that the bowlders were derived from the beds that he found 
in place, it is possible that one or more of them may have been more 
recent. Hamline's collections do not show any blending of Chico and 
Tejon faunas. It is believed, therefore, that the collections from south­
ern California can not be accepted as evidence of intimate faunal con-

. nection between the Tejon and the Chico. 

OTHER TEJON AREAS. 

The most southerly point on the Pacific Coast at which Tejon and Chico 
strata are known to occur is in Lower California (about latitude 29° 
30'), where Emmons 2 obtained a few fossils belonging to each formation. 

The Tejon is known to occur at many localities in western Oregon 
and as far north as the vicinity of Seattle, Wash. Diller's collections 
from these regions show a considerable fauna apparently belonging to 
the Upper Tejon. It contains no Cretaceous elements, and from the 
absence of most of the Lower 'fejon characteristic forms it is inferred 
that the earliest Tejon is not represented there. The unconformability 
·of the Tejon with the Cretaceous in Oregon, as described by Diller, 
has already been mentioned. 

THE MARTINEZ GROUP AND ITS FAUNA. 

As the Martinez group was not described nor definitely located in 
any section, it can be identified only by means of the fosstls that were 
assigned to it. In Gabb's Synopsis of the Cretaceous Invertebrate 
Fossils of California 3 four localities are mentioned as yielding species 
belonging to the Martinez group, viz: Benicia; Curry's, south of Mount 

. Diablo; Martinez; and near Suisun. 

lln Bull. California St11te Mining Bureau No.3. 
•Bull. Geol. Soc. Am., Vol. V, pp. 501-502. 
• Palreontology of California, Vol. II, pp. 209-254. 
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From Benicia only four species are reported-
Ammonites jugalis Gab b. 
Ammonites fraternus Gabb. 

all of which are Cretaceous 
that I refer to the Uhico. 

Cymbophora ashburneri Gabb. 
Chione varians Gab b. 

species and doubtless came from strata 

The following species from Curry's are referred to the Martinez: 
Ammonitesjugalis Gabb. 
Pusus matthewsoni Gab b. 

Helicaulax costata Gab b. 

The Fusus is a Tejon species which l collected on Curry's Creek from 
bowlders containing other Bocene fossils, and Gabb's specimens may 
have been found in a similar situation. The two other species prob­
ably. came from the Chico beds of that neighborhood. 

From the Suisun locality only two species are reported, one of which, 
-Turritella sa:ff'ordi Gabb ( = 1'. pachecoensis), is a Lower Tejon species, 
while the type of the other, .Meretrix jragilis, is from Martinez, where 
it is said to be associated with Pugnellus hamttlus and JJieckia sella, 
both of which are Oreta~eous forms. · 
· About fifty species assigned to this group are enumerated from the 
locality of Martinez, whieh includes a comddera.ble area south, south­
east, and southwest of the town, as has ·already been mentioned. In 
the following list, compiled from Gabb's Synopsis, the species that are 
JlOW known to be Uretaceous are marked *, those that are known to be 
Tejon are marked t. and others are left unmarked or their probable 
horizon is illdieated by a query following the asterisk or dagger: 

Astrocoenia petrosaGabb. 
Pecten martinezensis Gab b. 
t * Avicula pcllucida Gab b. 
*My til us paupercnlus Gab b. 
t Cucnllrea matthewsoni Gab b. 
t • Pectuncnlus veatchi (Gab b). 
• t (f) Nucula (Acila1 truncata. 

Gab b. 
t Lcda gabbi (Conrad). 
t ( ~) Crassatella compacta Gab b. 
t (f) Cardita veneriformis Gab b. 
• ( '> Lucina nasuta Gab b. 
*Chione varians Gab b. 
Chione ,. angulata Gab b. 
t Tellina 'undulifera Gab b. 
t Tellina requalis Gab b. · 
* t Tellina hoffmanuiana Gab b. 
Solen (Hypogclla) cuueatns Gabb. 
* Pharella alta Gab b. 
t Pholadomya nasnta Gab b. 
• t C')Martesia clausa Gabb. 
Mactraf teuuissima Gab b . 
.• Mactra (Cymbophora) ashburneri 

Gab b. 
Corbula cultriformis Gabb. 
t ~ Dentalium cooperi Gab b. 
Helcio;n f circularis Gab b. 
t 'l'urritella infragranulata Gab b. 

t 'furritella saffordi Gabb ( =T. 
pachecoensis). 

t • (f) Luuatia shnmardiana Ga.bb, 
* Gyrodes expansa Gab b. 
t • ( ~) Amanropsis alveata Gab b. 
t Ampnlliua striata Gab b. 
* Solai-iurn inoruatum (Gabb ). 
"Anchura •'xilis Gab b. 
"Anchnra transversa Gabb. 
• (f) Auchnra f cariuifera Gab b. 
"Pngnellus hamulus Gab b. 
f Fnsns matthewsoni Gab b. 
t Fnsns ftexuosus Gab b. 
t (f) Fusus tumidns Gab b. 
t (f) Fnsns occidentalis Gab b. 
Neptnuea mucrouata Gab b. 
"Perissolax brevirostris Gab b. 
t Urosyca candata Gab b. 
Ataphrns crassus Gab b. 
Tnrbinella crassitesta Gabb. 
t (') Surcula incouspicua Gab b. 
t (f) Heteroterma trochoidea Gab b. 
* (f) Ringinella pingnis Gab b. 
t (f) Cyliudrites brevis Gab b. 
t • (H) Cylichna costata Gab b. 
t Attiria matthewsoni Gab b. 
"t (f) Ammonites jugaiis Gab b. 
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If this list is analyzed in the light of the knowledge derived from 
later collections and stratigraphic observations, it becomes evident that 
it consists of about equal numbers of species from two distinct hori-

1 zons. One of these is the Upper Chico, as developed near Benicia, 1 
mile north of Pacheco, and in the hills west of Martinez. The other is 
the Lower Tejon horizon, which Gabb sometimes called "intermediate 
beds," and which has yielded many fossils at the localities near Lower 
Lake, Benicia, and Pacheco. Still further confusion was caused by the 
fact that .in some cases species that really occur together were described 
as coming from different horizons; that is, some of the Lower Tejori 
species were described as Chico, others from the same horizon as 
Tejon, while the most of them were referred to the Martinez. 

When the line between the Chico and Tejon is drawn where I have 
placed it, within the Martinez group of Gabb1 the commingling of Cre­
taceous and Tertiary types almost entirely disappears. 

The l\fartinez group as characterized by the fossils assigned to it by 
Gabb can not be treated as a single formation nor as a mere sub­
division of the Chico. If more detailed field work makes it desirable 
to retain the name at all, it should be restricted to the Eocene portion, 
which is called Lower Tejon in this paper. 

NOTES ON SPECIES REPORTED FROM BOTH CHICO AND TEJON. 

Gabb could list but 16 species that passed from t,he Chico to the 
T({jon, and a critical examination of the list will show that certainly 
not more that 6 of these cross the line as now drawn between the two 
formations. 

The statements concerning localities in the following list, unless 
otherwise noted, are from Palreontology of California, V ols. I and II: 

1. CALLIANASSA Sl.'IMPSONI Gabb. 

Represented by three fragmentary specimens from Chico Creek, 
Clayton, and Canada de las Uvas, so imperfect that it is impossible to 
determine whetl:.er they all belong to one species or not. 

2. NAUTILUS TEXANUS Shumard 1 

Heilprin has called attention to the confusion of a specimen "col­
lected by Mr. Clayton" with the locality Clayton, which caused Gabb 
to cite this species from the Tejon. The specimens are from Cottonwood 
Creek, Alderson Gulch (both Lower Cretaceous), and near Mount Diablo. 

3. ATURI.A. MAT1'HEWSONI Gabb. 

Vol. I, p. 59, "Martinez and Clayton (Division A) and Canada de las 
Uvas (Division B)." · · · 

Vol. II, p. 210, "Martinez Group, Mart.inez; Tejon Group, Clayton 
and Tejon." These probably all came from. the Tejon. 
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4. AMl\iONI'I'ES JUGALIS Gabb.-

The localities and horizons given for this species (Vol. II, p. 212) are: 
"Martinez group, Martinez; Benicia, Curry's, south of Mount Diablo; 
Tejon woup, Martinez; and Clayton." Speeimens afterward referred 
to it were described and figured as the young of Ammonites newberry­
amts. Concerning its occurrence, Gabb says (Vol. II, p. 134): "I have 
collected it in the latter jTejon group] in place at the very top of the 
series at the coal mines near Clayton. Pl. 10, figs. 5 and 67J, Cal. Report 
Pal., Vol. I, are from a specimen from above the coal peds on Coal Mine 
Hill, near Mount Diablo." In another place (Am. Jour. Conelwl., Vol. 
II, p. 80) he says: ."Several specimens were collected by myself asso­
Ciated in the same rock and within a few feet of a specinien of Ccwdita 
hornii" [ = Venericardia planicosta ]. These statements would indicate 
that all the specimens of Ammonites found in the Tejon probably came 
from the upper part of that formation, though it has already been sug­
gested on a previous page that there may possibly have been a.n error 
in determining the horizon of the Clayton specimen. The fragment of 
an undetermined ammonoid found by Heilprin in the collections from 
Fort Tejon at the Academy of Natural Sciences, Philadelphia, also 
seems to have come from an Upper Tejon horizon. Unfortunately, this 
specimen has been lost or mislaid, and can not now be found in the 
Academy's collections. 

The specime11s referred by Gabb to Ammonites jugalis apparently 
include 2 species, differing especially in the convexity of the w}:wrls 
and in the details of the septa. At the University of California, Berke­
ley, there are 8 small specimens of the flat variety, including the one 
''.from Coal Mine Hill, near Mount Diablo," figured in Palmontology of 
California, Vol. I, pl. 10, fig. 5. The others are labeled "Martinez" and 
"Mount Diablo." In the Philadelphia Academy collections there are 16 
specimens, all in' one tray with two labels.:_" Ammonites jugalis Gabb, 
type, Chico Gr., W. M. G., Benicia, Martinez, Cal.," and "Ammonites 
jugalis Gabb, W. M.G., Martinez Gr., Martinez Cal." This lot includes 
the specimens figured in Palmontology of Calitornia, Vol. II, pl. 22, figs. 
13, 13a. The other figured specimen, which appears to me to belong 
to a distinct species, has not beeu seen by me in either of these 
collections. 

Ammonites jugalis is apparently congeneric with Desmoceras la.rteti 
Seunes, from the uppermost Cretaceous of France, which de Grossouvre 
refers to his recently described genus Schliiteria. Ammonites that 
appear to be identical with Gabb's species occur in the lower part of 
the Chico, on Elder Creek, Tehama County, and on the north fork of 
Cottonwood Creek, Shasta County, Cal. It was also found in the low­
est fossiliferous horizon of the Chico near Benicia. 

No ammonoids have been found in any collections from the Tejon 
made since Gabb's time. 
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5. Fusus MATTHEWSON! Gabb. 

Reported from Martinez group at Martinez and Curry's; Tejon group 
~t Martinez, Clayton, and Cochrane's. 

It has been collected from Tejon bowlders near Curry's by Dr. J. C. 
Merriam and myself, and I suspect that it does not occur in place 
below the Tejon. 

6. AlUAUROPSIS ALVEA~rA (Conrad), 

The only Chico locality mentioned is Curry's, where, like Fus1ts mat­
thewson·i, it may have been collected from Tejon bowlders. 

7 and 8. DEN'l'ALIU~I STRA~HNEUM Gabb. DEN'l'ALIUM COOPER! 
Gab b. 

All that can be said of these two species is that striated and smooth 
~pecies of Dentalium occur in both the Chico :wd the TQ_jon, and that 
there is no essential difference between Cretaceous and Tertiary forms 
{!f' this genus. · 

D. CYLICIINA COSTAT.A. Gabb. 

Reported from tbe Chico group at Texas Flat, Pence's, and Martinez; 
Martinez group at Martinez; Tejon group at Martinez, Clayton, Coch­
rane's, TQ_jon, and San Diego. 

In the original co}lection the specimens from different localities were 
not kept separate. All typical examples of the species obtained in 
recent years are from tbe Tejon, unless those in the Fairbanks collec­
tion from Point Lorna, near San Diego, really came from the Chico. It 
belongs to a persistent type, however, that bas showed little differentia. 
tiou since its introduction in the Trias, and it would not be surprising 
to find identical species in the Upper Cretaceous and tbe Eocene. 

10. MAC'J'RA (CYMBOPHORA) ASHBURNERI ,Gaub. 

Apparently two species were deseribed under this name, both of 
which occur in the Chico. I have not seen a specimen that certainly 
l)elonged to either of them from any Tejon locality, though it is well 
known that Upper Cretaceous Mactras are of a modern type. 
' . 

11. A VICULA PELLUCIDA Gab b. 

· Tbe species, which was described from imperfect specimens, was 
reported from a number of localities in the Chico, lVIartinez, and Tejon 
groups. It belongs to a simple type of A vicula that is well represented 
in the Cretaceous and on to the present day. 

12. CUCULLJE.A. MATTHEWSON! Gabb. 

Credited to the intermediate beds at Lower Lake and Clayton and 
the Marti.nez group at Martinez. 

The species seems to be confined to the Low~r Tejon. 
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13. NUCULA (ACILA) TRUNCATA Gabb. 

The types are from the Chico, where the species is abundant, b~t· 
~losely similar and probably identical forms are common throughout 
the Tejon. The subgenus Acila is a remarkably persistent type, repre­
sented by similar species from the Gault (Ntwulc~ ornatissima d'Orb. 
and N. biv·irgata Fitton) to the present day (N. castrensis Hinds). Fair­
banks 1 reports an Acila from beds at Slates Springs, CaL, said to be 
older than the Knoxville beds, and consequently as early as the Juras­
sic or lowest Cretaceous. 

14. LEDA GABEl (Conrad)=L:ffiDA PROTEXTA ~ Gab b. 

As the only lower horizon mentioned is the Martinez group at Mar­
tinez, it is probable that all of Gabb's California specimens came from. 
the Tejon, though similar species are known from the Upper Cretaceous· 
elsewhere, and some living species are closely related. 

15. MARTESIA CLAUSA Gabb. 

Reported from several Chico and Tejon localities. This genus is· 
another persistent type that has varied but little from its first intro­
duction to the present day. 

16. TELLINA HOFFMANNIANA Gabb. 

This is described as a variable species and reported from many local­
ities in both Chico and Tejon. The specimens I have seen are mere 
intemal casts with about the :;:arne outline. Many of the Upper Creta­
ceous species of Tellina are of modern type, scarcely distinguishable' 
from recent forms. 
· From the intermediate beds at Lower I .. ake, which have been shown· 
to be Tejon, Gabb reported 3 other Chico species-Perissolax breviros­
tris Gabb, Gyrodes expansa Gabb; and Pectunculus veatchi (Gabb). The 
first of these was very probably a young specimen of Heteroterma gabbi, 
which, if not well preserved, might easily 1m mistaken for Perissolax 
brevirostris. The Gyrodes expansa was also probably an erroneous identi­
fication of some otller naticoid form. The Pectnnmtlus is not.more than 
a fa.irlywell marked variety of P. veatehi, which is another modern type 
represented by similar forms from the Cretaceous to the present day. 

These notes are sufficient to show that, excepting the meager evi­
dence of the occurrence of Ammonites in the Tejon, it can not be 
claimed that the fauna of any part of the Tejon contains important 
¥esozoic elements. 

THE CHICO FAUNA. 

':l;he statcmAnts of several writers already referred to concerning tlie 
occurrence of Tertiary types in the Chico fauna make it necessary to 

, 'In ·an unpublished paper read before the Geological Society of Washington. It was determined 
'Qy D~ .. ,Toh!J. C . .MerriaiJ!.. 
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examine that fauna briefly. An indication of the nature of the fauna 
may be found in the notes on tlJe Mount Diablo region given on a pre­
vious page, but it is best developed at a number of localities on the 
east side of Sacramento Valley, where the Chico beds were first· dis­
covered and named and where the supposed Tertiary elements of the 
fauna were observed. The most of the species now known have been 
described by Gabb, 1 White,Z and Whiteaves.3 The lowest beds of the 
Chico occur with abundant fossils on the west side of Sacramento 
Valley in Shasta and Tehama counties, Cal., where they have been 
described with faunal lists by Diller and Stanton,4 and in Rogue River 
Valley, Oregon, where they have yielded the interesting fauna listed 
and discussed by Anderson.5 The beds at the last-mentioned locality 
may include the uppermost strata of the Horsetown beds, which in 
California are immediately succeeded by the Chico.without faunal or 
stratigraphic break. 

That the Chico fauna as a whole is Upper Cretaceous will not be 
questioned by anyone who has studied it in its entirety or who has 
even examined a representative collection from a single locality. 
Although some species do not range throughout the entire formation, 
no definite faunal zones can be established with our present knowl­
edge, and it is doubtful whether it will ever be found necessary or 
practicable from paleontological evidence to subdivide the 4,000 feet or 
more of Chico beds. The close relationship of the lowest Chico with 
the Horsetown and the occurrence in it of such types as Acanthoceras 
turneri White and of an Inoceramus that seems to be identical with I. 
labiatus 6 Schlotheim indicate that the Chico includes beds almost as 
old as the earliest Upper Cretaceous of Europe. 

On account of the occurrence throughout the Chico of Schloenbachia 
and of some other forms which are not found in the uppermost Creta­
ceous elsewhere in the United States, it was suggested in a previous 
paper 7 that the Chico may not include beds representing the latest 
Cretaceous of other parts of the world. It is not certain that that sug­
gestion was incorrect, but the affinities of our west coast Cretaceous 
faunas are much closer with those found on the opposite side of the 
Pacific, in southern India, Japan, and Saghalien, than with other Cre­
taceous faunas in the United· States, and the ammonitic types above 
mentioned range up into beds in India that are regarded as very late 
Cretaceous by European paleontologists.8 Among other characteristic 

IPalreontology of California, Vols. I and II. The •ynopsis in Vol. II designates the Chico species. 
•Bull. U. S. Geol. Survey Nos. 22 and 51. The species in Bulletin 22 are from the Waliala beds, 

now known to he Lower Chico. 
•Geol. Snrv. Canada, Mesozoic Fossils, Part II. These are from the Nanaimo formation of Van· 

couver Island, which is correlated with the Chico. 
•null. Geol. Soe . .Am., Vol. V, l'P· 438-445. 
'Jour. ofGeology, Vol. III, pp. 455-468. 
• Reported by .Anderson from the Oregon locality above mentioned and collected by "\Vard and 

Storrs in 1895 on Elder Creek, California. 
'Bull. Geol. Soc. Am., Vol. V. pp. 460-461. 
•The intimate relations of all tbe Cretaceous faunas around the borders of the Imlo·Pacific basin are 

discussed, with full referenco to the literature, by ·Dr. Franz Kossmat in Jahrbuch .IL-k. geol. 
Reichsanstalt, Wicn, vol. 44, 1894, pp. 459-478. 
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Cretaceoi1s types that range through· the Chico, may. be mentioned 
ammonoids, such as 2 or 3 species of Lytoceras belonging to the group 
for which de Grossouvre has proposed the name Gaudryceras; several 
species of Pachydiscus, and 1 each of Scaphites, Baculites, and Hete­
roceras; 2 or 3 species of Inoceramus, Trigonia, and Meekia; several 
species of Anchnra, Aporrhais, Pug'nellus, Gyrodes, Rostellites, etc. 

With these distinctively Mesozoic types in the littoral beds of the 
Chico, there are associated many other species belonging or closely 
related to genera now living. These are the species that have been 
spoken of as Tertiary types in the Chico, but the proportion of such 
forms is certainly not greater in the Chico than in the Ripley fauna of 
Alabama and Mississippi or in the Upper Cretaceous of Aachen, 
described by Holzapfel.' It would be m.ore accurate to speak of such 
species as modern types or persistent types, for many of the living mol­
luscan genera date back to the Cretaceous. Some of them, of course, 
began much earlier, but it is not until the Upper Cretaceous, and espe~ 
cially in the shallow-water facies of the Upper Cretaceous, such as the 
Chico usually is, that a considerable proportion of the invertebrate fossils 
can be referred to living genera. To mention only a few examples, in 
the Cretaceous there are species of Ostrea, Avicula, Mytilus, Modiola, 
Pectunculus, Lucina, Tellina, Mactra, Turritella, Lunatia, N eritina, 
Actreon, Cylichna, Dentalium, etc., which, if taken alone, without 
knowledge of the specific forms or of the localities from which they 
came, would not furnish the basis for determining whether they are 
Cretaceous or later. In deciding a question of that kin9, a species 
belonging to a long-established modern type should have very little 
weight. 

RESUME OF CONCLUSIONS. 

1. In all known sections that contain both Chico and Tejon the strata 
are apparently conformable. So far as it goes, this is an indication of 
continuous sedimentation, but without further evidence it can not be 
accepted as proof that there is no break, uor should it be given greater 
weight than the clear uuconformability between Tejon and older Cre­
taceous beds in Oregon. 

2. The Martinez group of the California Survey is not a simple forma­
tion that can be considered a mere subdivision of the Chico, but consists 
of two distinct portions, one of which is Cretaceous and inseparable 
from the Chico, while the other is Eocene, and is here classed as Lower 
Tejon. 

4. The "intermediate beds" supposed by Gabb to form a transition 
from the Chico to the Tejon are the same as the upper part of the Mar­
tinez group and the ':bower Tejon. Their fauna, so far as known, includes 
no distinctively Mesozoic elements. 

5. The Chico fauna is characteristically Cretaceous, its so-called 
"Tertiary types" being persistent or modern types that have changed 
but little from the Cretaceous to the present day. 

~-------------------------
1 Palreontographica, Vols. XXXIV and XXXV. 
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6. An examination of the species supposed to occur in both the Chico 
and the Tejon reduces their number to not more than 6, and with one 
exception those are all persistent types that can not be classed as 
Mesozojc. The exception is Ammonites jugalis, which Gabb collected 

-from two localities supposed to be Tejon in the Mount Diablo region, but 
it has not been rediscovered iu any ·subset)_ uent T~jon collections. The 
ammonoid seen by Heilpriu in the Gabb collection from Fort Tejon may 
or may not be this species. It is held that the Tejon 'fauna is essentially 
Eocene and very distinct from the Chico, even though this ammonite 
should prove to belong to it. 
· 7. The time interval indicated by the decided change in faunas from 
the Chico to the Tejon can not now be estimated. In fact, there is little 
evidence that the later fauna is directly derived from the earlier exeept­
ing in a few speeics, and it is possible that all the changes took place 
by extinction and migration of species during the period in which the 
barren beds between the latest Chi eo and the earliest Tejon fossiliferous 
horizons were laid down. It will not be surprising, however, if evi­
dence is some time found of a period of erosion at the close of the 
Cretaeeous on the Pacific Coast. 

DESCRIPTIONS OF SOME LOWER TEJON SPECIES. 

As the fauna of the Upper Tejon is comparatively well known and 
its Eocene character generally recognized, it is not considered neces­
sary to redescribe and illustrate it. In the Lower Tejon, how.ever, there 
~re some forms that have been confused with Chico species, some that 
are distinctly Eocene types, such as the coral Flabellum remondianttm, 
others that have been imp~rfectly described, and a considerable number 
that seem to be new. · Some of these important forms are now described 
and illustrated for the' purpose of givin'g a more definite idea of the 
'character of the Lower Tejon fauna. 
' ' 

Genus FI~ABELLUM Lesson. 

FLABELLUM REMONDI.ANUM Gabb. 

Pl. LXIII, figs.l and 2. 

Flabellumremondianum Gabb, 1864, Geol. Surv. California, Paleontology, vol.l, p. 207, 
. pl. 26, fig. 199. . 

The following description of this species is by Mr. T. Wayland 
. Vaughan, who has kindly allowed me to extract it from his manuscript 

i:nonograph of the Eocene corals of the U nitecl States: 
' "The following is Gabb's description: 
" "' Polypidorn triangular, convex on the sides, acute and straight on 
th~ lateral margins; sides marked by eight or nine prominent radiating 
ribs1 with regularly concave interspaces; upper surface unknown. 

'' 'Locality.-Between Mount Diablo and the Coal Mine.' 
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"Mr. T. W. Stanton collected near Benicia, Cal., many casts and . 
specimens of this species embedded in sandstone. From. the study of 
this material the following description has been made: 

"Form cuneate, triangular, and compressed; the cross section show·s 
acute, aliform projections at the ends of the longer transverse axis. 
On the sides iu the.upper portion of the corallum there are nine subacute 
prominent cost::e, along· the crests of which there are usually minute 
tubercles; in tlw lower. portion of the comllum the cost::e are very 
indistinct.· Occasionally between the prominent costm are fainter ones. 
The septa, in a section of a corallum that was studied, are thin, 78 (or 81) 
in number. There are only 22 of the fourth cycle, it being incomplete 
between one septum of the first cycle and the septum of the second 
cycle which corresponds to the middle of one lateral face. There are 
32 septa of, the fifth cycle, intercalated in the systems between the 
primary septa at the ends of the longer transverse and the primaries 
standing nearest the middle of the lateral faces. Apparently there 
are a few members of the sixth cycle in two of the systems next the ter­
mini of the longer transverse axis. ',['he sides of the septa are granulate. 
Lower portion of corallum entirel:y filled by stereoplasm. Columella 
parietal. 

"Dimensions: Longer transverse axis of a11 average specimen, 22 
mm. ; shorter transverse axis, 8 mm. 

"Height of a smaller specimen: 11 mm. 
"Locality: Army Pomt, near Benicia, Cal. 1 

"Horizon: Lower Tejon ·beds. 
"Specimens in the United States National Museum. 
''The character of the costm and the aliform projections are the best 

criteria by which to separate this species from the triangul~u varieties 
of F. cuneiformc, to which it is. closely related." 

Genus TEREBH.ATULINA d'Orbigny. 

TEREBRATULINA. TEJONENSIS ll. sp . 

. Pl. LXIII, figs. 3 and 4. 

Shell of medium size, elongate ovate in outline, moderately convex, 
witll an obscure median depression in the ventral valve, which is rather 
.narrow in the nmbonal region and regularly rounded in front; dorsal 
valve relatively broader and more oval in outline; surface marked by 
small but rather prominent radiating stri::e, most of which bra~ch 
dichotomously twice in passing from the beak to the front. Most 
specimens also show several distinct lines of growth between the 
middle and the front of the valve. 

The species is represented by ~ number of more ·or less distorted 
single valves, the largest of which, a dorsal (~)valve, measures 20 mm. 
in length and J6 mm. in greatest breadth. 'rhe other figured speci­
men is a more slender ventral valve, slightly distorted by pressure, 
measuring 18 mm. in length and 12 mm. in breadth. 
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Locality and position.-From the Lower Tejon beds 1 mile southeast 
of Lower Lake, Lake County, Cal., where it is associated with Brachy­
sphingus liratus, Urosyca ca~tdata, Oucullrea matthewsoni, etc. 

Genus PLICATULA Lamarck. 

PLICA.'I'ULA OSTREIFORMIS n. Sp, 

Pl. r~xni, figs. 5 and 6. 

Shell large, irregularly ovate in outline, but varying considerably in 
this respect; valves subequal, the right one being usually slightly con­
vex and the left flattened or a little concave in the middle; test 
unusually thick; surface with obscure radiating plications and irregu­
lar pits. 

An average specimen measures 52 mm. in length, 39 mm. in breadth, 
and 19 mm. in greatest convexity of the two valves united. 

Internal casts show impressions of the characteristic hinge of Plica­
tula. 

Locality and position.-In the same bed with the preceding species, 
1 mile southeast of Lower Lake, where it is abundant, but usually not 
well preserved. 

Genus LIMA Bruguiere. 

LIMA MULTIRADIATA Gabb, 

Pl. LXIII, figs. 7 and 8. 

Lima multiradiata Gabb, 1869, Paleontology of California, Vol. II, p. 201, pl. 33, fig.101. 

Shell large, less oblique than is usual in the genus, subovate in out­
line, moderately convex; ears, triangular, relatively small, but distinct 
from the body of the valve, posterior side forming an irregular curve 
from the ear to the base, most convex below the middle; anterior mar­
gin nearly straight or very slightly concave above the ear and forming 
a regular curve with the base below; surface covered with numerous, 
slightly sinuous, irregular radiating ribs, which are broader than the 
very narrow interspaces on the umbonal region, but become relatively 
more narrow toward the base. The ribs are crossed by rather promi­
nent subsquamose lines of' growth, giving parts of the surface a reticu­
lated appearance. 

An average specimen measures 61 mm. in greatest length from beak 
to base and 49 mm. in greatest transverse diameter below the middle 
of the shell. 

The species was originally described from a single fragmentary speci­
men found in the ''intermediate beds" 1 mile southeast of Lower Lake, 
Cal. The specimens now figured were obtained at the same, place, 
where the species is common, but not very well preserved, associated 
~ith Brachysphingus liratus, Leda alcejormis, and other characteristic 
Lower Tejon fossil::>. 
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Genus CUCUI1L1EA J1amarck.· 

CUCULLJEA MATTHEWSON! Gabb. 

Pl. LXIV., figs. 4 and 5. 

·cncullrea matthewsoni Gabb, 1869, Paleontology of California, Vol. I, p. 195, pl. 31, 
fig. 266. 

Shell large, gibbons, subquadrate, with prominent beaks and a broad 
cardinal area bearing three or four angular impressed lines; front 
broadly rounded; posterior end obliquely truncate above, narrowly 
rounded below; ventral margin in the adult usually slightly sinuous 
behind the middle; surface in the young shell marked by numerous 
subequal rather prominent radiating ribs with narrow interspaces. 
In the adult the ribs are not so regular and they are most conspicuous 
on the middle region of the shell, becoming obsolete on the posterior 
end. The surface is also marked by fine lines of growth. Free margins 
of the valve crenulate within. 

The dimensions of a large specimen are as follows: Length, '(0 mm.; 
height, 62 mm.; convexity of valve, 25 mm. 

The species varies considerably in outline, the type of the species as 
figured by Gabb being au unusually short specimen, while the larger 
'one here figured shows the other extreme of variation in length, thus 
approaching 0. truncnta Gabb in form, though easily distinguished from 
it in sculpture and other features. 

Locality and position.-The figured specimens are from the Lower 
Tejon beds, 1 mile southeast of Lower Lake. It occurs at Army Point, 
near Benicia, in the same horizon. Gabb's types were from Martinez 
and below the coal near Clayton, referred in the one case to tl1e Mar­
tinez group .and in the other to the intermediate beds, but doubtless 
both belonging to the same Lower Tejon horizon; 

Genus PEOTUNCULUS Lamarck. 

PECTUNCULUS VEATCH! (Gabb.) 

Pl. LXIV, fig. 1. 

.Axinroa veatchi Gabb, 1864, Paheontology of California, Vol. I, p. 197, pl. 25, figs. 
183-183a. 

The original description of this Chico species is as follows: 
"Shell thick, subglobose, equivalve and nearly equilateral; beaks 

large, incurved, central, approximate, with the sides sloping downward, 
~nterior and basaJ margins regularly rounded; posterior end rounded 
or subtruncate, surface marked by 36 to 40 radiating ribs, very regular 
in size, a little the smallest anteriorly and obsolete behind; a faint 
depression usually exists on the posterior side of the umbones, which 
passes down and strikes the middle of the posterior margin. Internal 



1040 EOCENE AND UPPER CRETACEOUS ON 'l'HE PACIFIC ·COAST. 

margin coarsely creuulated. Hinge robust; teeth arranged radiately, 
the lateral teeth largest and most widely separated. Area very short 
and narrow." 

The radiating ribs are sometimes narrower than the intcrspaces and 
sometimes broader. The 1ength of the shell is a little less than the 
height. The large specimen figured measures 49 mm. in length, 51 mm. 
in height, and the convexity of the single valve is about 21 mm. 

The species is introduced here for comparison with the large variety 
in the Lower Tejon. 

Locality and positi01i.-Abundant at numerous localities in the Chico 
of the Sacramento Valley. The figured specimen is from :Pentz (for­
merly called Pence's Hauch). Some of the small imperfectly preserved 
specimens from the 'l'ejon usually referred to P. sagittatus may belong 
to this species. ' 

PECTUNCULUS VEATCH! var. MAJOR n. var. 

PI. LXIV, figs. 2 and 3. 

Compared with'the typical form of the species, this variety is larger, 
less convex, and proportionally longer; the ribs are broader than the 
interspaces and the posterior end is more sinuous. 

Length of a large specimen, 65 mm.; height, 64 mm.; convexity of 
one valve, about 22 mm . 
. Locality and position.-Comnion in the Lower Tejon 1 mile southeast 

of Lower Lake. There is one specimen in the California State Mining 
Bureau collection, obtained by Fairbanks on Point Lorna, near San 
Diego, which is supposed to have come from the Chico. 

Genus LEDA Schumacher. 

LEDA ALJEFORMIS (Gabb). 

Pl. LXIV, figs. 6 and 7. 

Corbula alwformie Gabb, 1869, Palooontology of Califorriia, Vol. II, p.177, pl. 29, fig. 63. 

The original description of this species is as follows: 
"Shell large, broadly rounded in ad vance, narrow, produced, and 

truncated behind; beaks about a third of the length from the anterior 
end, high; poster.ior carflinal margin nearly !"traight, bordered by a 
broad, deep groove extending from the beaks to the posterior end; 
base prominently and broadly rounded in the middle, sinuous behind; 
surface marked by small, regular· ribs." 

It is necessary to add to this description only that internal casts 
show the characteristic nuculoid hinge, and that the species is unusu­
ally convex for a Leda. The abundant o·ccurrence of this Leda at the 
type locality of Gabb's Corbula alccformis and its exact agreement in 
form and surface sculpture leave no doubt as to its identity. 
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A large specimen measures 52 mm. in length, 24 mm. in height, and 
about 8 mm. in convexity of the single valve. 

Loca-lity (tntl position.-The figured specimens are from the Lower 
Tejon 1 mile southeast of Lower Lake, Cal. It has also lJeen collected 
from the same horizon near Benicia and Pacheco. 

J.~EDA GABBI (Conrad). 

Pl. LXIV, fig. 8. 

Ledaprotexta' Gabb, 1864, Palmontology of California, Vol. I, p. 199, pl. 26, fig. 185. 
Not Leda protexta Gabb, 1860, Jour. Acad. Nat. ScL Phila., 2d series, Vol. IV, p. 
397, pl. 68, fig. 35. 

Nnculana Gabbi Conr:'td, 1866, Smithsonian Check List Invert. Foss. of North America, 
Eocene and Oligocene, p. 3. . . · 

Leda Gabbi (Conra<l) Gahb, 1869, J'almontology of California, Vol. II, p. 197. 

This is another large species of Leda, originally supposed to be iden­
tical with Lerlr~, protexta, an Upper Cretaceous species of the Atlantic 
and Gulf bonier region. Compared with L. alccjorrnis, it is much more 
slender, less convex, and has finer sculpture. · The posterior end is 
proportionally less narrowed. 

A medium-sized specimen measures 24 mm. in length and 10 mm in 
height, and the convexity of a single valve is about 2 mm. 

Locality nnd posii'ion.-The specimen figured is from the Lower Tejon 
at the brickyard three-fourths of a mile east of Lower Lake, Cal. It is 
reported from many other Tejon localities. 

Genus CRASSATELLA Lamarck. 

CRASSA1'ELLA UNIOIDES n. sp. 

Pl. LXV, figs. 1 and 2. 

Shell large, thick, very much elongatetl, with prominent, almost ter­
minal, beaks; anterior end broadly rounded; posterior end also rounded, 
bt1t much narrower; dorsal margin slop-ing regularly from the 1Jeaks 
to the posterior end; ventral margin almost straight; surface showing 
only lines of growth, bnt revealing radiating lines toward the front 
when slightly exfoliated; lunule cordate, rather deep; free margins 
denticulate within. 

Length, 82 mm.; height near anterior end, 49 mm.; convexity of one 
valve, 20 mm. 

The nearest relative of this species is Orassatella lornnna Cooper, 1 

from supposed Chico beds on Point Lorna, near San Diego. 0. unioides 
is a more slender form, with more prominent beaks, straighter dorsal 
margin, and narrower posterior end. 

Locality and position.-From the I.~ower Tejon 1 mile southeast of 
Lower Lake, Cal. Represented by two valves. 

1 Bull. California State Mining Bureau No. 4, 1894, p. 48; pl. 3, fig. 47. 

17 GEOL, P'l' I--66 
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Genus LUOINA Bruguiere. 

LuomA 'l'URNERI 11. sp. 

Pl. LXV, figs. G and 7. 

Shell large, thick, moderately convex, subcircular in outline; beaks 
rather prominent; lunule small; surface nearly smooth, marked only 
by lines of growth, except in the posterior dorsal region, where there 
is a narrow but distinct furrow, bordered above by a somewhat broader 
rounded ridge extending from near the beak to the posterior end; dorsal 
margin slightly excavated in front of the beaks. 

The left valve has two well-developed cardinal teeth and obsolescent 
anterior and posterior laterals. ' 

Length, 52 mm. ~ height, 49 mm.; convexity of single valve, about 
12 mrn. 

In external aspect this species has some resemblance to Dosinia ele­
vata Gabb, 1 but it is not probable that they are congeneric, though I 
have not been able to study specimens of Vabb's species. None of the 
fossil species of Lucina deseribed from the Pacific Coast are closely 
related to this one. 

The name is given in honor of Mr. H. W. Turner, of the United States 
Geological Survey. 

Locality and position.-Lower Tejon 1 mile southeast of Lower 
Lake, Cal. 

Genus MERETRIX Lamarck. 

MErtETlUX sp. 

PI. IjXV, figs. 3 and 4. 

One. of the most abundant species at the locality 1 mile southeast of 
Lower Lake is a venerid apparently belonging to the genus Meretrix 
and closely resembling the original figure of M. hornii Gabb, 2 but as 
Gabb discredited that figure when it was published·, and his later figure 
and the specimens preserved in the Academy of Nat ural Sciences, Phila­
delphia, are not at all like it, our fossils can not be identified with his 
species. Possibly this will prove to be a new species, but I shall not 
venture to name it until several of Gabb's venerid species represented 
by conventionalized figures are better known. It may be described as 
follows: 

Shell subtriangular, moderately convex, with thin test; beaks promi­
nent, considerably in advance of the middlt~; lunule small, deeply 
impressed; dorsal margin slightly con vex behind the beak, sloping 
rapidly to the narrowly rounded posterior end; anterior end broadly 
rounded; ventral margin forming a regular curve; surface marked by 

'Palmontology of California, Vol. I, pl. 30, fig. 252. 
'Ibi<l., pl. 23, fig. 144. 
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closely arranged, rather prominent concentric ridges and furrows, which 
vary considerably in size. 

The numerous specimens· collected show considerable variation in 
relative length of the shells, but this feature does not seem sufficiently 
constant for specific separation. 

The dimensions of the largest specimen are: Length, 43 mm.; height, 
31 mm.; convexity of single valve, about 8 mm. The corresponding 
measurements of a smaller specimen of the short variety are 27, 23, and 
6 mm., respectively. 

Genus TELLINA Linmeus. 

TELLINA HORNII Gabb~ 

Pl. LXV, fig. 5. 

1'ellina hornii Gabb, 1864, Palrnontology of California, Vol. 1, p. 160, pl. 30, fig. 244. 

A slender, compressed, thin-shelled form agreeing fairly well with 
Gabb's figure of this species. The beaks arc small, median in position; 
anterior end regularly rounded; posterior end obliquely subtruncate 
above, narrowly rounded below; ventral margin almost straight; sur­
face marked only by irregular lines of growth. 

Length, 40 mm.; height, 20 mm.; convexity of single valve, about 
2mm. 

It is by no means certain that this species is a Tellina. It has been 
referred to Psammobia by Heilprin, and may belong there, but in the 
absence of knowledge of the l1inge and other internal features, it is 
thought better to leave it under the original name. 

Locality and posit-ion.~ The type is from T~jon strata near Fort Tejon. 
The specimen now figured was obtained in the Lower Tejon 1 mile 
southeast of Lower Lake, Cal. 

Genus TUBBI'.rELLA Lamarck. 

TURRI'I'ELLA P ACHECOENSIS n. sp. 

Pl. J.,XVI, figs. 1 and 2. 

Turritella saffordii Gabb, 1864, Palrnontology of California, Vol. I, p. 135, pl. 2, fig. 
93. Not Tn1'1'itella saffm·di Gabb, 1860, Jour. Acad. Nat. Sci. Phila., 2d series, 
Vol. IV, p. 392, pl. 68, fig. 12. . . . 

Adult specimens with 18 or 20 whorls that are flattened on the sides· 
and more or less angulated above and below near the channeled suture; 
surface of the earlier whorls marked by about 12 fine spiral lines, of 
which tho!3e on the angles near the sutures are most prominent; on 
later whorls the spiral lines become obsolete and the sinuous lines of 
growth become much more prominent, forming rows of obscure tuber­
cles on the angles; aperture subquadrate. 

A large specimen consisting of 10 whorls, but lacking the apical 
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portion, measures 122 mm. in length and 33 rum. in greatest breadtb. 
Another specimen, consisting of the upper 11 whorls, is 31 mm. in length 
and 9 mm. in greatest breadth. 

The earlier whorls of this species have considerable resemblance 
to the Termesspe Cretaceous forms to which the name T. snffo·rdi 
was originally applied, but when adult specimens are compared they 
are seen to have very little in common. There is considerable varia­
tion in the extent to which the tubercles are developed on the later 
wlwrls, but indications of these are always found . 
. Locnlity ttn(Z position.-Al.mndant in the Lower Tejon 2~ miles north­

east of Lower Lake and rare 1 mile southeast of that village. The 
specimens figured n.re from the same horizon 1 mile north of Pacheco, 
Cal. Gabb reports it from near Martinez and Lower Lake and 6 miles 
northeast of Suisun, Cal. Douptless all of these localities are on 
the same horizon, though two of them were referred to the Martinez 
group. 

TURRITELLA INFRAGRANULA'l'A Gabb. 

Pl. LXVI, fig. 3. 

Turritella infragranulata Gabb, 1864, Paheontology of California, Vol. I, p. 212, pl. 
32, fig. 279. 

Shell rather large; composed of 12 or 15 whorls, which are strongly 
angulated below, broadly excavated above, and again prominent near 
the linear suture; surface marked by 9 or 10 fine spiral lines and by 
numerous granulations or small tubercles on the lower angle of the 
whorl. 

The figured specimen, which lacks several whorls at the avex, meas­
ures 63 rum. in length alid 21 mm. in greatest breadth .. Other imper­
fect specimens indicate that the species attained dimensions almost 
twice as great. 

The apical angle of this species is considerably greater than that of 
T. pnchecoensis. Another, perhaps more closely related, species in the 
same beds is 1'. 11w.rtinezensis Gabb, which bas about the same propor· 
tions, but differs in form of whorl and surface scnlptnre. 

Locnlity nnrZ powition.--The type of the species was obtained near 
Martinez and doubtfully referred to the Martinez group. The speci­
men now figured was obtained in the I;owcr Tejon 1 mile north of 
Pacheco, Cal., and others were collected at. Army Point, near Benicia, 
and 1 mile southeast of Lower Lake, all from the same horizon. 

Genu~ LUNATIA Gray. 

LUNA'l'IA HORNII Gabb. 

Pl. LXVI, fig. 4. 

Lunatia ho1'nii Gabb, 1864, Palmontology of California., Vol. I, p. 106, pl. 29, fig. 217. 

Original descr·iption. --."Shell subglobose; spire small, acute, not 
prominent; whorls five, almost entirely em'elopcd, except the newer 
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pottions of the peuultin:iate volution. Aperture semilunar, rounded 
below; outer lip acute, nearly straight; columellar lip with a moder­
ately large callus, thickened above, smaller and flat below, continuing 
as a thickened lip almost to the anterior end of the mouth. Umbilicus 
small, partially covered. Surface marked by irregular lines of growth." 

Locality and position.-The types are from Alizos Creek, near Fort 
Tejon, in beds probably belonging to the Upper Tejon. The specimen 
figured is one of a number obtained from the Lower Tejon 1 mile south­
east of Lower Lake. They l1ave been compared with examples from the 
original locality and seem to be identical. 

Genus PERISSOLAX Gabb. 

PERISSOLAX BLAKE! (Conrad). 

Pl. LXVII, fig. 1. 

Busycon?'blakei Conrad, 1855, Pacific Railroad Reports, Prelim. Geol. Rept. of IV. P . 
. Blake, p.n; 1856, idem, Vol. V, p. 322, pl. 2, fig. 3. ' 

Levifusus blalcei Conrad, 18B6, Smithsonian Check List Inv.ert. Foss. of N. A., Eocene 
and Oligocene, p. l!J. 

Perissolax blakei (Conrall) Gabb, 1864, Palmontology of California, Vol. I, p. 92, pl. 21, 
fig.llO; 1869, idem, Vol. II, p.149. 

Shell consisting of about 6 rapidly increasing shouldered whorls, 
with a single slightly tuberculated carina visible on the spire and three 
on the body whorl; suture linear; spire covered with minute spiral 
lines; canal long and nearly straight with coarser spiral lines; upper 
whorls more or less caucellate. 

The specimen figured, which has a low.er spire and shorter canal than 
the average, measures 40 mm. in length and 25 mm. in breadth. 

The type of the species came from the neighborhood of Fort Tejon, 
and the slender form figured by Gabb is abundant ~n the Tejon beds 
above the coal east of Clayton. These show only two carinre on the 
body whorl inst~ad of three, but Gabb mentions a specimen from Mar­
tine/\ t.hat had three angles like the present one; which is from the Lower 
Tejon at Army Point, nea•· Benicia. 

Genus STREPSIDURA Swainson. 

STREPSIDURA PACHECOENSIS n. sp. 

Pl. LXVII, fig. 2. 

Shell of medium size, broadly fusiform; spire rather low, sloping 
regularly from the angle, which is above the middle of the body whorl; 
suture linear, appressed; canal about as long as the spire and abruptly 
bent near the end; surface marked by numerous closely arranged 
thread·like lines, mostly alternating iu size, and by broad, rather 
obscure plications on the angle of the body whorl. 

Length, 45 mm.; greatest breadth, 35 mm. The single type specimen 
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is somewhat exfoliated, so that the surface sculpture is not very well 
preserved. 

Locality and position.-Lower Tejon 1 mile north of Pacheco, Cal., 
where it is associated _in the same layer with Turritella pachecoensis. 

Genus HETEROTERMA Gabb. 

HE1'EROTER1\1A STltiATA n. sp. 

Pl. LXVII, fig. 5. 

Shell broadly fusiform, consisting of about 5 whorls, that are some­
what concave above; sutures linear, undulated; spire about one-third 
the length of the shell, with an apical angle of nearly 90°; canal about 
the length of the spire, straight and relatively narrow, sharply distinct 
from the rest of the body whorl, which bears on its middle portion very 
prominent short costm or elongated tubercles that in the later stages 
of growth sometimes show a tendency to divide into two rows of nodes; 
surface of entire shell also t'narked by rather coarse linear strim, sepa­
rated by broader interspaces. 

Length, 27 mm.; greatest breadth, 22 mm. 
In general form this species is very much like the type of the genus, 

Heteroterma trocltoidea, which came from Martinez and was credited to 
the :Martinez group, so that it probably also belongs to the Lower Tejon 
fauna. H. trochoidea difi'ers from H stria.ta in having its body whorl 
distinctly bicarinate; with a row of tubercles on each carina, and in 
having much more immerous and finer spiral lines. These distinctions 
are well shown in the figures and are confirmed by direct comparison 
of the types. 

Locality and position.-Lower Tejon 1 mile north of Pacheco, and 
small specimens probably of same species 1 mile southeast of Lower 
Lake. 

RETEROTERMA GABBI n. sp. 

Pl. LXVII, fig. 3. 

Shell large, short fusiform; spire low, with the smooth upper portion 
of the whorls concave between the undulating sutures; body whorl 
large, angulated a little above the middle, abruptly contracted into the 
short beak below; slope above the angle slightly concave and marked 
only by fine lines of growth and minute revolving lines; middle of 
body whorl with about 12 or 13 short, prominent, longitudinal plications 
crossed by 8 or 9 strong revolving lines, beneath which the surface is 
again almost smooth, with a few inconspicuous revolving lines. 

Length, 44 mm.; greatest breadth, 35 mm. 
The lines of growth indicate that there was a posterior sinus of the 

aperture, as in H. trochoidea. 
In Gabb's collections from the "intermediate beds" near Lower I~ake, 
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the young of this or the preceding species was probably identified as 
Perissolax brevirostris, to which it has a slight superficial resemblance. 
A specimen of tlie latter species from the Chico, near Pentz, Cal., is 
figured for comparison (Pl. LXVII, fig. 4). 

Genus SIPHONALIA A. Adams. 

SIPHON ALIA~ LINEATA n. sp. 

Pl. LXVII, fig. 7. 

Shell small, short fusiform, with a strongly twisted canal; spire short, 
consisting of 4 or 5 wliorls; body whorl large, rounded; canal a little 
longer than tlie spire; surface covered with thread-like spiral lines 
crossed by rather prominent lines of growth; on .the spire and the upper 
part of the last whorl2 or 3 of the Rpirallines are considerably larger 
than the others that alternate with them. 

Length of an average specimen, 17 mm.; greatest breadth, 11 mm. 
Locality and position.-In the Lower Tejon 1 mile north of Pacheco 

(the figured specimen) and 1 mile southeast of Lower Ijake, Cal. 

Genus UROSYOA Gabb. 

UROSYCA CAUDA'L'A Gabb. 

Pl. LXVII, fig. 6. 

Urosyca caudata Gabb, Ul69, Palmontology of California, Vol. II, p. 159, pl. 27, 
fig. 38. 

Original description.-" Shell moderately large, pyriform; spire low; 
whorls 5, the upper rounded, the body whorl subangulated by three 
nearly equidistant, nodose, revolving carinro; top of whorl slightly 
sloping, interspaces between the ribs slightly concave, anterior portion 
deeply excavated. Surface crossed by numerous small revolving strire . 
.Aperture broad; outer lip simple, inner lip slightly incrusted; canal 
long, slender, slightly twisted. 

"Length, 2.35 inches; length of aperture, 2.15 inches; width of body 
whorl, 1.3 inches. 

"Rare in the Martinez 'group, Martinez." 
The :figure of the type is considerably restored and represents an 

unusually large specimen. The example figured in this paper is 
smaller and has suffered some distortion by pressure, especially in 
reducing the height of the spire, but it has been compared and fully 
identified with the types of the species in the Philadelphia Academy. 

Locality and position.-'rhe :figured specimen is from the Lower 
Tejon at Army Point, near Benicia, where the species is abundant. 
It is also common in beds of the same age near Lower Lake, and one 
specimen was collected 1 mile north of Pacheco. 
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Genus BRACHYSPHINGUS Gabb. 

BRACHYSPHINGUS LIRA.'l'US Gabb. 

Pl. LXVI, figs. 5 and G. 

Buccinurn liratum GabiJ, 1864, Palrnontology of California, Vol. I, p. fiG, pl. 28, fig. 211. 

B1~achysphinguB liratus Gabb, l86fl, idem, Vol. II, p. 156. 

Original (.lescription.-" Shell ovoid, robust, test thick; spire low; 
whorls 4~ to 5, convex; aperture elongate, deeply notched in advance; 
outer lip simple; inner lip slightly incrusted, more heavily below than 
above; umbilicus distinct, but imperforate; surface marked by numer· 
ous rounded, longitudinal ribs, with intermediate spaces somewhat 
smaller than the ribs themselves; these run somewhat obliquely, espe· 
Cially·at the top, where they eurve slightly from behind forward. The 
lower third to half of the shell is marked by numerous small revolving 
impressed lines." 

Some specimens, especially of young shells, show revolving lines 
over the whole surface. There is a well·marked siphonal fasciole, bor­
dered by a sharp ridge. 

A medium-sized specimen measures 31 mm. in length and 23 min. in 
greatest width. 

Locality and position.-The figured specimens are from the Lower 
Tejon 1 mile southeast of Lower Lake, Cal., where the species is abun· 
dant. It occurs more sparingly in the same horizon near Benicia and 1 
mile north of Pacheco. The localities given in Gabb's original descrip­
tion are Martinez, Clayton, and Marsh's Ranch, all in the Mount Diablo 
region. 
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PLATE LXIII. 

FLABELLUM REMONIHANUM Gabb .. -'·- ..................................... . 
Fig. 1. Side view enlarged. 
Fig. 2. Enlarged cross section of another specimen, showing arrangement 

of septa. (The three septa of the sixth cycle in the half systems adjoin­
ing the termini of the longer transverse axis may not be present.) 

TEREBRATVLINA TEJONENSIS ll. sp .......................................... . 
Fig. 3. Slender ventral valve, slightly distorted. 
Fig. 4. A large dorsal valve. 

PLICATULA OSTUEIFOR;\HS ll. Bp ............ -- .............. -- -- ............ .. 
Fig. 5. A medium-sized right valve. 
J<'ig. 6. More slender right valve, with the lower margin broken. 

LIMA MULTIRADIATA Gab b ........................ --- ..................... .. 
Fig. 7. Slender left valve, showing surface sculpture from gutta-percha 

ca't of a natural mold. 
Fig. 8. Cast of a broader right valve retaining shell on the beak and ears. 
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PLATE LXIV. 

PlWTUNCTJLUS VEATCIII (Gab b) ...•••..........................•.......•.•.. 
Fig. 1. A larg-e left valve from the Chico introduced for comparison. 

PECTUNCULUS VEATCH! var. MAJOR n. var ................................... . 
"Fig. 2. A large left valve. 
Fig. 3. A large right valve .. Both of those are somewhat distorted by 

preRsure. 
Cucur,L1EA MATTHEWSONI Gab b ............................................ . 

Fig. 4. A large left valve, somewhat more elongate than the average. 
Fig. 5. Right valve of a young specimen. · 

LEDA ALiEFOR~11S (Gabb) ............................................... _ ... . 
Fig. 6. A large right valve. 
l<'ig. 7. Internal ca~t of a smaller left valve. 

L~~DA GABBI (Conrad) ...................................................... . 
Fig. 8. A large left valve enlarged two diameters. 
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PLA.TE LXV. 

CRASSATELLA UNIOIDES n sp ..... ------------ ·----- ------------------ -----· 
Ftg 1 Stde VH'W of large left valve 
Ftg 2 An tenor vtew of same 

MEJU~TRIX sp _ _ _ _ _ ________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Ftg :{ A brge elongate nght valve. 
F1g 4 A smaller right valve of the short vanety, perhaps a little diRtorted 

by pressure 
TJ<;LLINA HOHNII Gabb9 _____________________ ----- ___________ _ 

Pig 5 Intetnal cast of nght valve, ret.tmmg a little of the shell 
LUCINA TUHNEHI n bjl ... ----- ____ ----- ____ ----- __ _ 

Ftg 6 Inten01 of small nght valve from gutta-perch a 1mpres~IOn ot na,tural 
cast 

l<'Ig. 7 A large left valve. 
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PLATE LXVI. 

TURRITELLA PACHECOENSIS n sp ------------------------------------------­
Fig L A young Rpecmwn 
Fig 3 A lar~e adnlt mdividnal. 

TURRITFLLA INFHAGRANULATA Gabb ___ -- __ -- --- ------ -- _ ---- ___ ---- ___ -- _- _ 
Fig. 3 A medmm-otzed Rpectmen. 

LUNAIIA HORNII Gabb ________ --- _ ----- --·-·· ------------ ·----- ______ --- __ _ 
Ftg 4 Dors.tl vww ot an average speCimen 

BRACHYSPHINGU<; J.lHAfUS Gahb ----- ----------- -------------------------­
Fig. 5 Aperture vtew ot a shghtly distorted speCimen ot average size. 
Fig 6 Opposite VIew of another spccnnen. 
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PERISSOLAX BLAKE! (Conrad)................................................ 1045 
Fig. 1. Dorsal view of rather stout tricarinate variety. 

8TR~JPSIDUHA PACHECOENSIS n. sp . . . . . . . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . . . . . • 1045 
Fig. 2. Dorsal view of the type. The surface is somewhat exfoliated. 

H~>TEROTERMA GABBI n. sp. .. . ... ... ... ...••. .... ..•••.... .. . . . . ... . .. . . ..•• 1046 
Fig. 3. Dorsal view of the type. The spire is slightly restored. 

PERISSOLAX BREVIROSTIUS Gab b............................................. 1047 
Fig. 4. Rather slender specimen from the Chico. Introduced for compar-

ison with IIetm·oterma gabbi. 
HETEROTERMA STWATA ll. sp ............................................•. ·.... 1046 

Fig. 5. Aperture view of the type. 
UROSYCA CAUDATA Gabb ..•...........................•................•.... 1047 

Fig. 6. Dorsal view of a small, slightly distorted specimen. 
8IPHONALIA ~LINEA TAn. sp.. ...... .... .. . ..... ..... .. .... ........ .. . ... .. . .•. 1047 

Fig. 7. Aperture view of an average-sized specimen enlarged two diam-
eters. 
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ADVERTISEMENT. 

[Seventeenth Annual Report.] 

The statute apprond March 3, 1879, establishing the United States Geological Survey, contains the 
following provisionR: 

''The publications of tho Geological Survey shall consist of th6 annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of tho Geological Survey 
shall accompany the annual report of the Secretary of the Interior. All special memoirs an<l reports 
of said Survey shall bo issued in uniform quarto series if deemed necessary by the Direetor, but other . 

. wise in ordinary oetavos. Three thousand copies of each shall bo published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of tho library of tho organization; and the 
money resulting from tho sale of such publications shall be covered into tho Treasury of tho United 

. States." 
Except in those cases in which an extra number of any special n1cmoir or report has been supplied 

to the Survey by resolution of Congress or has been ordered Ly the Secretary of the Interior, this 
office has no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the Unitod States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map.-.A. preliminary report describing plan of organization and publications. 
II. Secoml Annna\ Report of the Uniterl States Geological Survey, 1880-'81, b)' .T. \V. I'owell. 1882. 

go, h, 588 pp. 62 pl. 1 map. 
III. Thir<l Annual Report of tbe United States Geological Surv.ey, 1881-'82, by .J. W. :Powell. 1883. 

go. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of tho United States Geological Survey, 1882-'83, by J·. W. Powell. 1884. 

so. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual Report of·the Unite<l States Geological Survey, 1883-'84, by .T. W. Powell. 1885. 

go, xxxvi, 469 pp. 58 pl. amlmaps. 
VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, hy.T. W. Powell. 1885. 

so .. xxix, 570 pp, 65 pl. an<l maps. 
VII. Seventh Annual Report of the United States Geological Survey, 1885-'86, by J. \V. Powell. 1888. 

so. xx, 656 pp. 71 pl. and maps. 
Vlll. Eighth Annual Report of the United States Geological Survey, 1886-'87, by.T. W. Powell. 1889, 

so. 2 pt. xix, 474, xii pp. 53 pl. an<l maps; 1 p.l .. 475-1063 pp. 54-76 pl. and maps. 
IX. N:nth Annual Report of Lhe United States Geological Survey, 1887-'88, by .T. W. Powell. 1889. 

so. xiii, 717 pp. 88 pl. and maps. 
X. Tenth Annual Report of the United States Geological Survey, 188R-'89, by ,f. W. Powell. 1890. 

so. 2 pt. xv, 774pp. 98pl. and maps; viii, 123pp. 
XI. Eleventh Annual Report of the lJnitedStatesGeologicalSurvey, 1889-'90, by.T. \V. Powell. 1891. 

so, 2pt. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. 
XII. Twelfth Annual Report of the Unite<! States Geological Survey, 1890-'91, by J. W. Powell. 1891. 

8° 0 2 pt: xiii, 675 pp. 53 pl. and maps; xviii, 576 pp.· 146 pl. and maps. 
XIII. Thirteenth Annual Report of the Unite<! States Geological Survey, 1891-'92, by .T. W. Powell. 

1893. 8°. a pt. vii, 2-10 pp. 2maps; x, ~72 pp. 105 pl. ami maps; xi, 486pp. 77 pl. and maps, 
XIV. Fourteenth Annual Report of the United States Geological Survey, 1892-'93, by.T. W.Powell. 

1893. 8°. 2 pt. :vi, 321 pp. 1 pl.; xx, 597 pp. 74 pl. 
XV. Fifteenth Annual Report of the United States Geological Survey, 1893-'94, by .T. W. Powell. 

1895. S0 • xiv, 755 pp. 481>1. 
XVI. Sixteenth Annual Report of the United States Geological Survey, 1894-'95, by Charles D. 

Walcott. 1895. (Parti, 1896.) 8°. 4pt. xxii,910pp. 117pl.an<lmaps; xix,598pp. 15pl.amlmaps; 
xv, 646 pp. 23 pl.; xix, 735 l'P· 6 pl. 

XVII. Seventeenth Annual Report of tho United States Geological Surver, 1895-'96, hy Charles D. 
Walcott. 1896. 8°. 3 pt. in 4 vol. xxii,1076 pp. 67 pl. an<l maps; xxv, 864 pp. 113 pl. and maps; 
xxii, 542 pp. 8 pl. and maps; iii, 543-105S pp. 5 pl. 

I 



II ADVER'l'ISEMENT. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 43S pp. 51 pl. 1 map. Price $1.50. 
II. Tertiary History of the Grand Canon District, with atlas, hy Clarence E. Dutton, Capt. U. S. A. 

1882. 40, xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 
Ill. Geology of the Comstock Lode and the Washoe District, with atlas, by Georg" F. Becker. 1882. 

4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00. 
IV. Comstock Mining awl Miners, by Eliot Lord. 1S83. 40, xh·, 451 pp. 3 pl. Price $1.50. 
V. The Copper-Bearing Rocks of Lake Superior:, by Rola.nd Ducr Irving. 1883. 4°. xvi, 464 pp. 

151. 29 J>l. and maps. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, hy \Villiam l\lorris 

Fontaine. 1883. 40, xi, 144 pp. 54 l. 54 pl. Price $1.05. 
VII. Silver. Lead Deposits of Eureka, Nem<la, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16 

pl. Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles Doolittle ~Walcott. 1884. 4°. xiii, 298 pp. 

24 l. 24 pl. Price $1.10. 
IX. BraclllupoUa aml TJamcllibranchiata of the Raritan Clays .and Greensand Marls of New Jersey, 

by Robert I'. Whitfield. 1885. 40, xx, 338 pp. 35 J>l. 1 map~ Price $1.15. 
X. Dinoccrata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 40. xYiii, 243 pp. 56 l. 56 pl. Price $2.70. 
XI. Geological History of Lake J,ahontan, a Quaternary Lake of Northwestern Nevada, hy Israel 

Cook Russell. 1885. 4°. xiv, 288pJ>. 46 pl. and maps. Price $1.75. 
Xll. Geology and Mining Imlm~try of LeaUYille, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 40. xxix, 770 pp. 45 pl. ami atlns of 35 sheets folio. Price $8.40. 
XIII. Geology of the Qnicksilver Deposits of tile J>acific Slope, with atlas, by George F. Becker. 

1888. 40 xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossill'lants of the Triassic Rocks of New Jersey and the Connecticut Val· 

ley, by Jolm S. Newberry. 1888. 4o. xiv, 152 pp. 26 pl. Price $1.00. 
XV. The Potomac or Younger Mesozoic :Flora, hy \.Villiam Morris Fontaine. 1889. 4°. xiv, 377 

pp. 180 pl. Text amlplatcs bound separately. Price $2.50. 
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl. 

Price $1.00. 
XVII. The Flora of the Dakota Group, a Posthumous Work, by Leo Les<1uereux. Edited hy F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
XVlli. Gasteropoda and Cephalopoda of the Raritan Clays aml Greensand Marls of New Jersey, 

by Robert I'. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. -
XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Holaml n. Irving 

aml c. R. Van Rise. '!892. 4°. xix, 534pp. 37 pl. Price $1. 70. 
XX. GeologyoftheEnrekaDistrict, Nevada, with atlas, by Arnold TTague. 1892. 4°. xvii, 419 pp·. 

Fpl. Price $5.25. 
XXI. The Tertiary Rhyncliophorous Coleoptera of North America, hy Samuel Hubbard Scudder. 

1893- {O. xi, 206 pp. 18 pl. Price 90 cents. 
XXII. A Manual of Topographic Methods, by Henry Gannett, Chief Topographer. 1893. 4o. xiv, 

300 pp. 1H pl. Price $LOO. 
XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff, 

and T. Nelson Dale. 1894. 4°. xiv, 206 pp. 23 pl. Price $1.30. 
XXIV. Mollusca and Crustacea of the Miocene Formations of NewJ ersey, by Robert Parr Whitfield. 

1894. 40, 195 pp. 24 pl. Price 90 cents. 
XXV. TheGlacialLakeAgassiz, by'WarrenUpham. 1895. 4o. xxiv,658pp. 38pl. Price$1.70. 

In press: 
XXVI. Flora of the Amboy Clays, b,y .1 obn Strong Newberry; a Posthumous Work, edite<l by 

.Arthur Hollick. 1895. 4°. 260 pp. 58 pl. · 
XXVII. Geology of tlJe Denver Basin, Colorado, by S. F. Emmons, Whitman Cross, and George H. 

El<lridge. 1896. 4°. 556 pp. 31 pl. 
XXVIII. The l\farquetto Iron·Bearing District of Michigan, by C. R. Van Rise and W. S. Bayley, 

with a Chapter on the Republic Trough, hy H. L. Smyth. 
In preparation: 

:X XIX. Tho Geology of Old Bnmpsbiro County, hfassachusetts, comprising Franklin, Ham}lsbire, 
and Hampden Counties, by Benjamin Kendall Emerson. 

XXX. Fossil Medusa), by Charles D. \\'alcott. 
XXXI. Geology of the Aspen Mining District, Colorado, by Josiah Edward Spurr. 
XXXII. Geology of the Yellowstone National Park, by Arnol<l llague and others. 
XXXTTT. Geolegy of the Narragansett Basin, by N. S. Shaler, J. B. Woodworth, and August F. 

Foerste. 
XXXIV. Tho Glacial GmYels of Maine and their Associated Deposits, by George H. Stone. 
-Sauropoda, by 0. C. Marsh. 
- Stegosauria, by 0. C. Marsh. 
- Brontotheridm, l>y O. C. Marsh. 
-Report on Silver Cliff and Ten·Milo Mining Districts, Colorado, by S. F. Emmons. 
-Flora of the Laramie and Allieu .I<'ormations, by Frank Hall Knowlton. 
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BULLETINS. 

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Angitic Rocks, by Whitman Cross, with a 
Geological Sketch of Hnffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pl. Price 10 cents. 

2. Gold and SHYer ConYersiou Tables, giving tho Coining Value of Troy Ounces of Fine Metal, etc., 
computed by Albert Williams, .jr. 1883. 8°. S pp. Price 5 cents. 

B. On the Fossil Faunas of the Upper Devonian, along the Meridian of 76° 30', from TomJ>kins County, 
New York, to Bradford County, Pennsylvania, by HenryS. Williams. 1884. 8°. 36 pp. Price 5 cents. 

4. On Mesozoic Fossils, by Charles A. \\Thlte. 1884. 8°. 36 pp. 9 pl. Price 5 cents. 
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. so. 325 pp. 

Price 20 cents. · 
~.Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents. 
7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North aml South) 

1752-1881, in Geobrraphic and Chronologie Order, by Jules Marcou and John Belknap Marcou. 1884. 
so. 184pp. Price 10 cents. 

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. 
VanHise. 1884. 8°. 56 pp. 6 pl. Price 10 cents. 

9. A Report of Work done in tho ~Washington Laboratory during the Fiscal Year 1883-'84. F. W. 
Clarke, Chief Chemist. T. :ll. Chatard, Assistant Chemist. 1884. 8°. 40 pp. Price 5 cents. 

10. On tho Cambrian ]'amtas of North America. l'reliminary Studies, by Charles Doolittle Walcott. 
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11. On the Quaternary anrl Recent Mollusca of the Great Basin; with Descriptions of New Forms, 
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Price 5 cents. 
23. Observations on the Junction between the Easten1 Sandstone and the Keweenaw Series on 

Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 18S5. 8°. 124 pp. 17 pl. 
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67. The Relations of the Traps of the Newark System in the New Jersey Region, by Nelsonlloratio 
Darton. 1890. 8°. 82 pp. Price 10 cents. 

6S. Earthquakes in Califor!lia in 1SS9, by James Edward Keeler. '1S90. S0 • 25 pp. Price 5 cents. 
69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1S90. 

go_ 101 pp. Price 15 cents. 
70. Heport on Astronomical Work of 1SS9 and 1890, by Robert Simpson Woo<lward. 1S90. so. 79pp. 

Price 10 cents. -
·71. Index to the Known Fossil Insects of the 'Vorld, including Myriapods and ArachnidS, by Samuel 

Hubbanl Scudder. 1891. S0 • 744 pp. Price 50 cents. 
72 . .Altitncles between Lake Superior ancl the Rocky Mountains, by Warren- Upham. 1S91. so. 

229 pp. l'rice 20 cents. 
73. The Viscosity of Solids, by Carl Barns. 1891. 8°. xii, 139 pp. G pl. Price 15 cents. 
74. The Minerals of North Carolina, by Frederick Augmtus Genth. 1891. S0 • 119 pp. Price 15 

cent:.;. 
75. Record of North American Geology fur 1SS7 to 1889, inclusive, by Nelson Horatio Darton. 1891. 

go. 173 pp. Price 15 cents. 
76. A Dictionary of Altitudes in the United States (Seconcl Edition), compiled by Henry Gannett, 

Chief Topographer. 1S91. so. 393 pp. Price 25 cents. 
·77. The Texan Permian aml its Mesozoic Types of Fossils, by Charles A. White. 1S91. so. 51 pp. 

4 pl. Price 10 cents. 
'78. A llep~rt of Work done in the Division of Chemistry and Physics, mainly during the Fiscal 

Year 1889-'90. 1<'. \V. Clarke, Chief Chemist. 1891. S0 • 131 pp. Price 15 cents. 
79. A Late Volcanic Eruption inN orthern California and its l'eculiar Lava, by J. S. Diller. 1S91. so. 

53 pp. 17 pl. Price 10 cents. 
80. Correlation Papers-Devonian ancl Carboniferous, by Henry Shaler Williams. 1S91. 8°. 279 pp. 

Price 20 cents. 
81. Correlation l'apers-Cambrian, by Charles Doolittle \Valcott. 1891. S0 • 447 pp. 3 pl. ·Price 

25 cents. 
82. Correlation Papers-Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3 pl. Price 20 cents. 
83. Correlation Papers-Eocene, by William Bullock Clark .. 1891. 8°. 173 pp. 2 pl. Price 15 cents. 
84. Correlation Papers-Neocene, by W. II. Dall aml G. D. Harris. 1892. S0 • 349 pp. 3 pl. Price 

25cents. 
85. Correlation Papers-The Newark System, by Israel Cook Russell. IS92. so. 344 pp. 13 Ill. 

Price 25 cents. 
S6. Correlation Papers-Archean and Algonkian, by C. R. Van Hise. 1S92. S0 • 549 pp. 12 pl. 

Price 25 cents. 
90. A Report of Work dono in the Division of Chemistry an<l Physics, mainly during the Fiscal 

Year 1890-'91. F. W. Clarke, Chief Chemist. 1892. S0 • 77 pp. Price 10 cents. 
91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. SS pp.' Price 

lOcents. 
92. The Compressibility of Liquids, by Carl Barns .. 1892. S0 • 96 pp. 29 pl. Price 10 cents. 
93. Some Insects of Special Interest from Florissant, Colorado, aml Other Points in the Tertiaries 

of Colorado aml Utah, by Samuel IInbbard Scudder. 1892. 8°. 35 pp. 3 pl. l'rice 5 cents. 
94. The Mechanism of Solicl Viscosity, b.v Carl Barns. 1892. so. 138 pp. Price 15 cents. 
95. Earthquakes in California m 1S90 aml 1891, by Eel ward Singleton Holden. 1892. ·so. 31 pp. 

Priee 5 cent~. 
96. The Volume Thermodynamics of Liquids, by Carl Barns. 1S92. so. 100 pp. l'rice 10 cents. 
97. The Mesozoic Echinodermata of the Unitecl States, by William Bullock Clark. 1893. S0 • 207 

pp. 50 pl. Price 20 cents. 
98. J<'lora of the Outlying Carboniferous Basins of Southwestern Missouri, by Davicl White. 1S93, 

so. 139 pp. 5 pl. Price 15 cents. 
99. Record of North American Geology for 1S91, by Nelson Horatio Darton. 1892. so. 73 pp. 

Price 10 cents. 
100. Bibli .grapby and Index of the Pubiications of the U.S. Geological Survey, 1S79-1892, by Philip 

Creveling Warman. 1893. so. 495 pp. Price 25 cents. 
101. lnsect Fauna of the lthocle Island Coal Field, by Samuel Hubbard Scudder. 1893. so. 27 pp. 

~ pl. Price 5 cents. - . 
102. A Catalogue ancl Bibliography of North .American Mesozoic Invertebrata, by Cornelius Breck­

inridge Boyle. 1893. so. 315 pp. Price 25 cents. 
103. lligh Temperature \Vork in Igneous Fusion and Ebullition, chiefly in Relation to Pressure, by 

Carl Barns. 1893. 8°. 57 pp. 9 pl. Price 10 cents. 
104. Glaciation of the Yellowstone Valley north of the Park, by \YalterHarvey\Yeed. 1893. 8°. 

411 pp. 4 pl. Price 5 cents. -
~05. The Laramie and tho OvPrlying Livingston Formation in Montana, by Walter Harvey Weed, 

witlt Report on Flora, by Frank llall Knowlton. 1S93. 8°. 68 pp. 6 pl. Price 10 cents. 



VI ADVERTISEMENT. 

106. The Colorado Formation and ita Invertebrate Fauna, by T. W. Stanton. 1893. so. 28S pp. 
45 pl. Price 20 cents. 

107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp anu Vernon Free. 
man Marsters. 1893. 8°. 62 pp. 4 pl. Price 10 cents. 

10S. A-Geological Reconnoissancc in Central -washington, by Israel Cook Russell. 1893. 8°. 10S pp. 
12 pl. Price 15 cents. 

109. The Eruptive autl Sedimentary Rooks on Pigeon l)oint, Minnesota, and their Contact Pllenom­
ena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents. 

110. The Paleozoic Section in the Vicinity of T4ree Forks, Montana, hy Albert Charles Peale. 1S93. 
go. 56 pp. 6 pl. Price 10 cents. 

111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Marius R. Campbell, 
1S93. 8°. 106 pp. 6r>l. Price 15 cents. 

112. Earthquakes in California in 1892, by Charles D. Perrine. 1S93. S0 • 57 pp. Price 10 cents. 
113. A R.eport of Work done in the· Division of Chemistry during the Fiscal Years 1891-'92 and 

1S92-'93. F. W. Clarke, Chief Cbcmist. 1893. 8°. 115 pp. Price 15 cents. 
114. Earthquakes in California in 1S93, hy Charles D. l'errine. 1894. S0 • 23 pp.- Priee 5 cents. 
115. A Geographic Dictionary of l{ho<ie Island, by Henry Gannett. 1S9J. S0 • 31 pp. Price 5 cents. 
116. A Geographic Dictionary of Massachusetts, by Henry Gannett. 1S94. so. 126 'pp. Price 15 

cents. 
117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1S94. S0 • 67 pp. Price 10 cents. 
1JS. A Geographic Dictionary of New Jersey, by Henry Gannett. IS94. S0 • 131 pp. Price 15 cents. 
119. A Geological Heconnoissance in Northwest Wyoming, by George Humans Eldridge. 1S94. so. 

72 pp. 4 pl. I' rice 10 cents. 
120. The Devonian System of Eastern Pennsylvania an<l New York, by Charles S. Prosser. 1S94. 

so. 81pp. 2 pl. Price 10 cents. 
1~1. A Bibliography uf North American Paleontology, by Charles Rollin Keyes. 1894. so. 251 pp. 

Price 20 cents. 
122. Hesult.s of Primary Triangulation, by Henry Gannett. 1S94. 8°. 412 pp. 17 pl. Price 25 cents. 
123. A Dictionary of Geographic Positions, l>y Henry Gannett. 1S95. 8°. 1S:J pp. 1 pl. Price 15 

cents. 
124. Revision of North American Fossil Cockroaches, by Samuel Hubbard Scudder. 1S95. so. 176 

pp. 12 pl. Price 15 cents. 
125. The Constitution of the Silit,ates, by Frank 1Vigglcsworth Clarke. 1S95: 8°. 109 pp. Price 15 

cents. 
126. A Mineralogical Lexicon of Franklin, Ilampshire, ami Ilampden Counties, Ma8sachusetts, by 

Benjamin Kendall Emerson. 1895. S0 • 180 pp. 1 pl. Price 15 cents. · 
127. Catalogue an<l Index of Contributions to North American Geology, 1732-1801, by Nelson 

Horatio Darton. 1S96. go. 1045 pp. Price 60 cents. 
12S. 'l'he Bear River Formation and ita Characteristic Fauna, hy Charles A. IV bite. 1895. S0 • 108 

pp. 11 pl. Price 15 cents. 
129. Earthquakes in California in1S94, by Charles D. Perrine. 1S95. S0 • 25 pp. Price 5 cents. 
130. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 

for 1892 and 1S93, by Fre<l Boughton Weeks. 1S96. 8°. 210 pp. · l'ricc 20 cents. 
131. Heport of Progress of the Division of Hydrography for the Calendar Years 1893 and 1894, by 

Frederick Haynes Newell, Topographer in Charge. 1895. S0 • 126 pp. Price 15 cents. 
132. The Disseminated Lead Ores of Southeastern Missouri, by Arthur Winslow. JS96. S0 • 31 pp. 

Price 5 (1ents. 

133. Contributions to the Cretaceous Paleontology of the Pacific Coast: The Fauna of the Knoxville 
Beds, by T. \V. Stanton. 1S95. 8°. 132 pp. 20 pl. Price 15 cents. 

134. The Cambrian Hocks of Pennsylvania, by Charles Doolittle Walcott. 1S96. S0 • 43pp. 15 pl. 
Price 5 cents. 

135. Bibliography and Index of Nortb American Geology, Paleontology, Petrology, aml Mineralogy 
for the Year 1S94, by F. B. \Ve~ks. 1S96. 8°. 141 pp. Price 15 cents. 

136. Volcanic Rocks of Soutb Mountain, Pennsylvania, by Florence Bascom. 1S06. 8°. 124 pp. 2S 
pl. Price 15 cents. 

137. The- Geology of the Fort Riley Military Reservation and Vicinity, Kansas, by Robert Hay. 
1896. so. 35 pp. S pl. l'rice 5 cents. 

138. Artesian-well l'rospects in the Atlantic Coastal Plain Uegion, by N.H. Darton. 1S96. S0 • 22S 
pp. 19pl. l'rice 20 cents. ' 

D9. Geology of tbe Castle llfount.ain Mining District, Montana, by W. H. Weed and L. V. Pirsson. 
1S96. S0 • 16! pp. 17pl. Price 15 cents. 

140. Report of Progress of the Division of Hydrography for the Calendar Year 1S95, by Frederick 
Haynes Newell, Hydrographer in Charge. 1S96. S0 • 356 pp. Price 25 cents. 

141. 'l'he Eocene Deposits of the Middle Atlantic Slope in Delaware, Maryland, and Virginia, by Will· 
iam Bullock Clark. 1896. so. 167 pp. 40 pl. Price 15 cents. 

142. A Brief Contribution to the Geology and Paleontology of Northwestern Louisiana, by T. Way. 
land Vaughan. 1S96. so. 65 pp. 4 pl. Price 10 cents. 
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143 • .A Bibliography of Clays and the Ceramic .Arts, by John C. Branner. 1S96. S0. 114 pp. Price 
15 cents. 

144. The Moraines of tho Missouri Coteau and their Attendant Deposits, by James Edward Todd. 
1896. so. 71 pp. 21 pl. Price 10 cents. 

145. Tbe Potomac Formation in Virginia, by W. M. Fontaine. 1896. S0 • 149 pp. 2 pl. Price 15 cents. 
146. Bibliography all!! Judex: of North .American Geology, Paleontology, Petrology, an<! Miner· 

alogy for the Y car 1S35, by F. B. \Vet!ks. 1896. 8°. 130 I'l'· Price 15 cents. 
147. Earthquakes in California in 1895, by Charles D. Perrine, Assistant Astronomer in Charge of 

Earthquake Observations at the Lick Observatory. 1S96. S0. 23 pp. Price 5 cents. 

W .ATER-SUPPLY .AND IRRIGATION P .APERS. 

By act of Congress app~oved J unt 11, 1896, the following pro,~i~ion was made; 
"Provid<'d, That hereafter the reports of the Geological Survey in relation to the gauging of 

streams anc.1 to tho mcthmlH of utilizing the water rcs01u'ces may be printed in octavo form, not to 
exceed one hundred pages in length and five thousand copies in number; One thousand copies of 
which shall he for the official usc of the Geological Survey, one thousand five hnndrcd copies shall be 
<lelivere<l to the Senate, and two thousan<l five hnn<lre<l copies shall be deliverc<l to the IIonse of Rep· 
resentatiYcs, for distrilmtion. 

Under this law the following paper is in press, and a number of others are in pre1laration: 
1. Pumping Water for Irrigation, by Herbert M. 'Vilson. 

TOPOGRAPHIC MAP OF THE UNITED STATES, 

When, in 1SS2, the Geological Survey was directed by law to make a geologic map of the United 
States, there was in existence no suitable topographic map to serve as a base for the geologic map. 
The preparation of such a topograpl>ic map was ther·efore imme<liately begun. .About one-fifth of the 
area of the country, excluding Alaska, has now Leen thus mapped. '.rhe map is published in atlas sheets, 
each sheet representing a small rectangular rli!:~trict, as explained under the following heading. The 
sep!trate sheets are sold at 5 cents each, this price being a slight advance over tho cost of paper and 
printing. The mapped areas are widely ~cattere<l, nearly every State being represented. l\lore than 
SUO sheets have been engraved an<l printed; they are tabulated by States in the Survey's "List of 
Publications," a pamphlet which may be ba<l on application. 

GEOLOGIC .ATLAS 01!' THE UNITED STATES. 

The Geologic Atlas of the United States is the final form of publication of the topographic and 
geologic maps. 'I'he atlas is i~Hmed in parts, progressively as the surveys are exteniled, and is 
designed ultimately to cover the entire country. 

Under the plan a<lopte<l the entire area of the country is <livide<l into small rectangular districts, 
bounded by certain meridians and parallels. The unit of survey is also the unit of }lublication, and 
the maps and descriptions of each rectangular district 'are >ssue<l as a folio of the Geologic .Atlas. 

Each folio contains topographic, geologic, €conomic, aDd structural maps, together with textual 
descriptions anc1 explnnation:i, anti is designated by the name of a principal town or of a prominent 
natural feature within tho district. 

Two forms of issue have been adopted: .A library edition, bound between heavy paper covers and· 
stitcDed; and ajidd edition, similarly bound, but unstitche<l. 

Under the law a copy of each folio is sent to certain public libraries and educational institutions . 
.A limited number of copies are reserve<! for distribution to persons specially intereste<l in the region 
represented. This distribution is at first gratuitouA, but when the n~maining number of copies of 
any folio reacbt~s a certain minimum a charge equivalent to cost of publication will be macte. In such 
cases prepayment is obligatory. The folios reatly for tliHtribution are listed below .. 

Name of sheet. 
Area, in Prieo, 

No, State. Limiting meridians. Limiting parallels. square in 
miles. cents. 
-----

1 Livingston* aa•~-- Montana._ 1100-1110 45°-46° 3, 354 25 
2 Ringgold* •••.. '-{ Georgia ... } S5°-S5° 30' 34° 30'-35° 9SO 25 

r~cnnessee 
3 Placerville* .... _. California_ 1?00 30'-121C 380 30'-390 932 25 
4 Kingston* .......... Tennessee S40 30'-S50 35° 30'-360 969 25 
5 Sacramento* ....... California_ 12J0-1210 30' 3SO 30'-390 9:l2 25 
6 Uhattanooga * .... Tennessee 850-850 30' 350-350 30' 975 25 
7 Pikes Peak • .. _ ... Colorado __ 1050-1Q50 30' 38° 30'-39° 932 25 
s ~ewanee * _ ........ 'l'f-',nnessee 85° 30'-86° 35°-:!5° .30' 975 25 
9 .Anthracite-Crest- Colorado __ 1060 45'-1 070 15' asc 45'-390 465 50 

etl Bntte.* { Virginia _. } 
9251 10 Harpers Ferry* - "TeSt Va-- 770 30'-78° 39°-39o 30' 25 

Maryland-

··These folios can now be sent only on prepayment of price stated in the last column. 
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GEOLOGIC ATLAS OF TITE UNITED STATES-FOLIOS READY FOR DISTRIBUTION­
Continued. 

No. Name of sheet. State. IAmiting meridians. 

11 Jackson* ......... 1 California. 1200 30'-1210 

12 Estill ville* ...•. ·{ 
Virginia .. 

1
} 

f.~~~~~;:,; I 820 30'--830 

13 Fredericksburg*-{ Marylancl. } 770-77° 30' Virginia .. 

14 Staunton* ...... -{ Virginia .. } 790-790 30' 'Vest Va .. 
15 Lassen Peak* ..•.. · California. 1210-1220 

16 Knoxvillek ...... { Tennessee 
1

} 830 30'-840 N.Carolina 
17 .Marys ville • ...... California. 1210 30'-1220 
18 Smarts ville* ...... California. 121"-1210 30' 

19 Stevenson • ...... { 
~laba~na .. } 

850 30'-860 heorg1a ... 
Tenne~see 

20 Cleveland* ..•.... Tennessee 840 30'-850 
21 PikevHle* ........ Tennessee 85°-85° 30' 
22 McMinnville.,... . .... TenneHsee 850 30'-860 

23 'N . . { Maryland.} 760 30'-770 OllilDl .......... . Viriinia .. 
24 Three Forks ...... Montana .. 11J0-1120 
25 Loudon ........... Tennessee 84°-84° 30' 

26 Jlocahontas ...... { Virg1nia .. } 
West. Va .. 8J0-81° 30' 

27 Morristown ....... Tennessee 830-83° 30' 

Piedmont ........ { 
Virginia .. } 

28 Maryland. 790-790 30' 
West Va .. 

29 Nevada City: 
Nevada City.} { 1210 00' 25"-1210 031 45" 
Grass Valley. 

1 

California. 1210 01' 35"-121D 05' 04" 
Banner Hill. 1200 57' 05"-1210 00' 25" 

Limiting parallels. 

38°-38° 30' 

360 30'-370 

38°-38° 30' 

38D-38D 30' 
400-4]0 

35° 30'-360 

390-39° 30' 
390-39° 30' 

34° 30'-350 

350-35° 30' 
35° 30'-360 
35° 30'-86° 

38°-38° 30' 
45°-460 

350 30'-360 

370-37° 30' 
360-360 30' 

390-390 30' 

390 131 50"-390 17' 16" 
39° 101 22 11-390 13' 50 11 

39° 13' 50' 1-39° 17' 1611 

Area, in Price, 
square in 
miles. cents. 

938 25 

957 25 

938 25 

938 25 
a, 634 25 

925 25 
925 25 
925 25 

980 25 

975 25 
969 25 
969 25 
938 25 

3,354 50 
969 25 
951 25 
963 25 

925 25 

11.65 
12.09 50 
11.65 

--------
*These folios can now be sent only on prepayment of price stated in the last colnmn. 

STATrSTICAL l'APERS. 

Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883. 8°.· xvii, 813 pp. Price 
50 cents. 

Mineral Resources ofihe Unite<! States, 1883 and 1884, by Albert Williams, jr. 1885. so. xiv, 1016 
pp. Price 60 cents. . 

Mineral Resources of the United States, 1885. Division of Mining Statistics ancl Technology. ·1886. 
go. vii, 576 pp. rrice 40 cents. 

Mineral Resources of the United States, 1886, by David T. Day. 1887. so. viii, 813 pp. Price 50 cents. 
Minera!Hesources oftbe United States, 1887, by David T. Day. 1888. 8°. vii, 832pp. Price 50 cents. 
Mineralllcsourccs of the United States, 1888, by Davie! T. Day. 1890. 8°. vii, 652 pp. Price 50 cents. 
Mineral Resources of the Unitecl States, 1889 and 1890, hy David T. Day. 1892. so. viii, 671 pp. 

Price 50 cents. 
Mineral Resources of the United States, 1891, by David T. Day. 1893. · 8°. vii. 630 pp. Price 50 cents. 
Minera!Itesources of tho United States, 1892, by David T. Day. 1893. 8°. vii, 850 pp. Price 50 cents. 
Minera!Hesources of the United States, 1893, by Davitl T. Day. 1894. 8°. viii, 810 pp. Price 50 cents. 

On March 2, 1895, the following provision was included in an act of Congress: 
"Provided, That hereafter the report of the mineral resources of the United StateM shall be issued 

as a part of the report of the Director of the Geological Survey." . 
In compliance with this legislation, the report Mineral Resources of the United. States for the 

Calendar Year 189~ forms Parts Ill and IV of the Sixteenth Annual Report of the Survey, ancl Min­
eral Hesourced of the United States for the Calendar Year 1895 forms Part III of the Seventeenth 
Annual Report of tbe Survey. 

The money receivetl from the sale of these publications is deposited in the Treasury, and the Secre· 
tary of the Treasury declines to receive bank checks, drafts, or postage Rtamps; all remittances, there­
fore, must be by l\IONEY OH.DER, made payable to the Director of the IT. S. Geological Survey, or in 
cuRRENCY, for the exact amount. Correspondence relating to the publications of the Survey should 
be adc!ressecl 

To 'fHE DumcTOR OF THE 

UNITED STATES GEOLOGICAL SURVEY, 

W ASHINOTON, D. C. 
W ABHINGTON', ]). C., December, 1896. 
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[Take this leaf out and paste the separated titles uprm three of your catalo!!ue 
car<ls. The first. and second titles need no adtl.it.ion; over the third write that 
subject under which you would place the book in your library.] 

LIBRARY CATALOGUE SLIPS. 

United States. Department of the interior. (U.S. geological survey.) 
Seventeenth annual report I of the I United States geological 

survey I to the I secretary of the interior I 1895-96 I - 1 Charles 
D. Walcott I director I - I In three parts I - I Part I.-Director's 
report and other papers; [-III ( contiuued).-Miueral resources of 
the Unitell States, 1895 I nonmetallic prollucts, except coal I David 
T. Day, chief of division] I [Vignette] I 

'Washington I government printing office 11896 
so. 3 vols in 4. 

CONTENTS: 

Part I. Directors report and other papers. 1076 pp. 67 pl. 
Part II. Economic geology aucl hydrography. 8U4 pp. 113 pl. 
Part III. Mineral resources of the U nitetl States, 1895. Metallic products and 

coal. 542 pp. 8 pl. 
Part. HI (continued). Mineral resources of the Unitecl States, 1895. Nonmetal· 

lie products, except coal. 5!3-1058 pp. 5 pl. 

Walcott (Charles Doolittle). 
Seventeenth annual report I of the I Unitecl States geological 

survey I to the I secretary of the interior I1895-H6 1 -I Charles 
D. \Valcott I director I - I In three parts I- I Part I.-Director's 
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Seventeenth annual report I of the I Unite•l States geological 
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·washington 1 government printing office 11896 
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