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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES (FEOLOGICAL SURVEY,
Washington, D. C., July 22, 1896.

S1r: 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 yoﬁ have manifested in the work of the
Survey. |

I am, with respect, your obedient servant,

Divector.
Hon. Hore SwmiTH,

Secretary of the Interior.
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SEVENTEENTH ANNUAL REPORT OF THE UNITED
STATES GEOLOGICAL SURVEY.

CrHARLES D Warcorr, DIRECTOR.

INTRODUCTION.

During the fiscal year 1895-96 the organization of the Greo-
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 in such surveys west of the mnety-fifth meridian eleva-
tions above a base level located in cach area under survey shall be dctermined und
marked on the ground Ly 1ron or stone posts or permanent bench marks, at least two
such posts or bench marks to be established 1n each township or equivalent area,
except 1n the forest-clad and mountain aieas, where at least one shall be established,
and these shall be placed, whenever practicable, near the township corners of the
public-land surveys; aund m the areas east of the ninety-fifth meridian at least one
such post or bench mark shall be simularly established 1n each area equivalent to
the area of a township of the public-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:

Provided further, That hereafter 1t shall be unlawful for any person to destroy,
deface, change, or remove to another place any section corner, quarter-section corner,
or meander post, on any Government line of survey, or to cut down any witness tree

7
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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 person,
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 dollars, or be imprisoned not more than one
hundred days. * * *

Under the provision for establishing the monuments and
bench marks, 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 aréa 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 fully
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 establishing such monuments. If the amendment proposed is
substituted for the clause in the estimates, the Survey will be in position to cstab-
lish the monuments as proposed, and thus connect the topographic surveys with the
land surveys and with the surface of the country. This 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 idenfification 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 mining, irrigation, water supply, and to a certain
extent in the matter of railroad location, depends 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.

1t should be remembered that all industrial 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 shounld also be borne in mind that the addition of permanent monuments con-
nected with the public-land surveys will aid in preserving and identi{ying 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 disappeared. 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 their relation to
the latter. It is not the intention to provide for the reestablishment of land office
lines or corners, but to mark such lines or corners whenever it is practicable to do
80, as 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 benefits
that will accrue therefrom.

The original object of the topographic map was to serve as a basis for the geologic
map of the United States, but with the 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 the land 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 econstruct 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.

Topoamphlc maps, even when the result of the most improved methods and great-
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. Inthe mountain regions the sharp summits
of hills or mountains have been used by the topographers 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 heen built. l.ess 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 loose 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 thusbecomes 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 arca such monuments are even of greater
importance. Elevated points that would serve as triangulation points are generally
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
measurcment.
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In the rolling and hilly areas west of the Mississipp1, and the mountain areas of
the Appalachian region and New England, the need of exact datum points 18 fully
as great as 11 the West, This 1s particularly true in the survey of the great mining
ateas of the Lake Superior region, and the great coal fields of the Mississippi
Rasin and the Appalachian system This will be spoken of more especially under

the following heading.
MINING GEOLOGY

In mining geology, the same advantages wil accrue as 1n areal geology, but to a
greater degree. A laige part ot tho observations of the mining geologist are made
under ground, and their location 1s refeired to a single point on the surface This
necessitates a still higher degree of accuracy foi the loeation of such points as
mouths of shafts o1 tunnels, hecause any considerable error may cntirely vitiate the
deductions drawn as to the probable location under ground of oie bodies. Such
points are located by mining surveyors with reference to corners of claims, and
these m their tutn with reterence to some township corner If the township corners
ale accurately indicated on the ground and on the map with reterence to other topo-
graphical features, the other locations can be made in the office from the given
starting pommts In present practice, nasmuch as 1t is known that township corners
may have a cousiderable though unknown error (in somo cases of scveral hundied
feet, and 1n one known case of nearly a quarter of a male), 1t 15 found to be neces-
sary to make a new survey to determine the location of such mine openings as serve
to connect undcrground woirkings with the surfuce Owing to this, 16 18 often the
practice at present among local mining surveyors to connect their surveys with the
triangulation points of the Government geological surveys, because they are moie
aceurately and permanently located than land-survey marks At the present time,
howeyer, these monuments are built ot piles of stone, and often, when stones are
scarce, of a single stone with u bottle buried beneath 1t, containing a record of the
position of the monument, and again, the points are more or less widely separated,
ag they are made with reference only to the triangulation

The vertical element, or the exact level, 1s of the greatest importance 1n coal fields
where the rocks are approximately horizontal, for upon a correct determination of
the vertical element depend all of the geologist’s stratigrapbical and structural
results Within most of the Appalachian coal field the dip 1s less than 2 degrees, or
200 feet to the mile Now, the geologist must build up his stratigraphical columns
and his structure of the region upon the topographic map which he uses It 1s a deh-
cate operation, and it 18 evident that a shight variation 1n the elevation used as a
Dbase will result 1n a very great change of structure It 1s found in practice that
while the coal beds appear to slope regularly from the margin of the basin toward
the center, this apparently sunple structure 1s complicated to a remarkable extent
by shight but very irregular undulations, which traverse the field 1n every direction
If the errors of structure attected only the value of the scientific results they would
be serious enough, but when, sooner or later, the miming engineer endeavors to make
use of the maps, he 18 liable to be misled by them It has been the practice of the
geologist to rnn levels and check errors 1n every possitble way, but 1f he had monu-
ments to refer to, the elevations of which were already determined, he wonld have
a constant check upon his work,

In the Lake Superior region the monuments and bench marks will give a basis for
accurate maps which 18 necessary m connection with the development ot the great
mining operations there, both the exploitation of the mines and the extension of
railioads and the bmlding of graded roads, These would also be of great service
to the tunber interests, 1n the establishment of winter roads, and of special narrow-
gange 1ailroads, which are so necessary to carry the tunber to the main railioad
lines, I think that a standard upon which surveys shall be based will be of 1nesti-
mable value to all mining regions.
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The Division of Hydrography of this Survey 1s conducting 1ts operations under the
appropiiation ‘“for gauging the streams and determining the water supply of the
United States, 1ncluding the investigation of underground currents and artesian wells
1 arid and semiaiid sections 7 Tts work 18 widely distributed Streams in various
parts of the United States are measured, and the underground conditions affecting
water supply aro studied 1n portions of the Great P’lains region from the Dakotas to
Texus The 1esults of this work have application 1n questions of water supply for
wrigation and for power, and although the investigations relate primarily to quanti-
ties of water, yet there are constantly arising questions of the ntilization of this
water, such questions being dependent for their solution upon facts of relative ele-
vation That 1s to say, 1n any consideration of water resources the cngineer hus to
ascertain first the quantities available and next the relative elevation of these quan-
tities with respect to the point where the water 1s to be used. either for i1rrigation
or for power The one fact 18 as necessary as the other, for without ‘““head,” or
difference of elevation, water 18 to a large extent useless

The profitable employment of the water resources, whethe1 from streams or wells,
18 determined often by very small differences 1n elevation A few inches per mile of
rise or fall may make or mar a project involving the rcclamation of large areas, or
may be the determining point in the location of a power plant Tbus 1t 1esults that
no sooner 18 the public informed as to matters of water quantity than an urgent
appeal 18 made for exact information concerning slopes and elevations

The relative elevations of land and water, and of different bodies or streams of
water, are shown 1n a broad way on the present topographic maps, but the infor-
mation is not sufhclently aceurate or detailed, especially where matters of practical
application depend upon differences 1n elevation of a few feet, or even inches. The
value of the topographic maps, as far as the utilization of the water resources 18
concerned, would be increased many-fold 1f, along the principal streams and the
broad, nearly level valleys, accurate level lines were run and occasional monuments
or bench marks were located at distances of 5 or 6 miles, these being shown upon
the map Then when a question as to diverting water from u stream or from wells
on the low land 18 brought up, 1t will be possible for any person of fair intelligence
to tale these maps and determine 1n a general way, from inspection, 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 difterence of elevation

In this way many projects which are impossible would at the outset be condemned,
and on the other hand attention would be drawn to feasible schemes for the develop-
ment of the natural resources of the countiry Asthe matter now stands, an engineer,
having determined upon the water supply and noted the general location upon the
present topographic maps, must rerun many of the lines 1f he would know the exact
elevation of any poimmt. Many thonsands of dollars expended 1n such work could
be saved by the sumple provision of placing a few permanent marks at the tume the
topographic surveys and the precise level lines are bemng run.

In addition 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 distribution 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 be Senators
and Representatives direct, as public documents are usunally
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 aci€on.

The operation of thie 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 extensien of the rules made and promulgated
by the President Masy 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, 8. F. Emmons,
C. R. Van Hise, Arnold Hague, G. K. Gilbert, Henry Gannett, .
and Bailey Willis. The changes 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. &. K. Gilbert and Bailey Willis in the
development of the scheme of colors and conventional signs
used in the folios, and by Mr. 8. J. Kiibel, chief engraver, in
carrying 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 TIIE 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, 1895, and was approved by
him on June 8, 1895.

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. A 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 division accomplished will be found 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:

For pay of skilled laborers, etc.. ... . . . ...... $13, 000
For topographicsurveys .. ... ... . . ... . ..aoiiiiooo......$150,000
For pay of two geographers and two topographers. ................ 9,200
B0 7 159, 200
For geologic surveys ... ... . ...l 100, 000
For investigationsin Alaskn. ... ... .. . . Lili...o.. 5, 000
For pay of four geologists. ...... ... .. . iiiiiiiiiaiia... e--- 13,700
Total . il 118,700
For paleontologic researches ... ..........c..cccoeiaeeen ... . 10,000
For pay of two paleontologists.........................ool. 4, 000
Total...ou e B e e 14, 000
For chemical and physical researches.... ... . ... .. ...__....... 8, 500
For pay ofone chemist._ .. ... ... ... ... L.l 3, 000
B 7 11, 500
FOr ganging SETOAMS, €40 . ... «eua darn onee et e et caean aeaae e mnas 24, 500
For preparation of illustrations ... ... . .. ... .. ...l 13, 000
For preparation of report on mineral resources. ........... ..ol - 18,000
For purchase of books and distribution of documents...... ............ .. 2, 000
For engraving and printingmaps ... ... ... ... 65, 000
Forrent ... . e i iiiacieccceiaaa 4,600
Total . .ooee e e 443, 500

Furthermore, there was appropriated in the same act for
engraving, 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: '

¥or engraving illustrations for repert of the Director ...... ............... $7, 000
For engraving illustrations for monographs and bulletins. ..__.............. 10,000
For printing and binding monographs and bulletins.. ... ........ ... 20, 000
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Lastly, the legislative, executive, 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 clerks, messengers, et al., to the number of

twenty-nine personsin all _ . . . . _ .. ... ...l ...l $31, 390
Forrent. ...l e 10, 000
Total ...... S 41,390

Thus 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 geologic work
for 1895-96, including the special appropriation for work in
Alaska, was $118,700.
~ The following table exhibits the allotments that were made
to the heads of the several geologic parties :

Party. : Allotment.
Executive office. .. ... . ... ... $9, 000
Shaler, N. 8. it 3, 500
Emerson, B. K. .. .. iiiiiiaii.lie 750
Dale, T. Nelson ... . o, 2, 800
Hobbs, W. H . ... i 500
WOUE, J. Boe oo e e e e 750
White, C.David.. ... ..o i 2, 200
Taff, A ..o s SO 3, 600
Campbell, M. R..... e e 4, 000
Hayes, C. W __ . ... ... oot 4,500
Keith, Aot i e i e e e 3, 000
Darton, N. H. . .l 3, 000
Clark, W. B 600
Eldridge, G.H ...... e e e e 3,700 -
Van Hise, C. R......__.... e 8, 000
Chamberlin, T. C...... .. .. ... .. ... ... ..., 3,000
Gilbert, G K. o oe e e e © 6,500
Hill, R. T e 6, 000
Weed, W. H. ... .. ... i 2, 500
Emmons, 8. F ... .. ... 7, 000
Hills, R.C ... .. .................. e 1, 000
Cross, C. W ... ... ... e 6, 000
Hague, A ... i 4,500
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Party. Allotment.

Diller, J.8 ..o e s $5, 800
Turner, H. W .. ... 4, 000
Lindgren, W .. .. e 3, 500
Lawson, A. C ... ... el 500
Willis, Bailey. ... ooooon oo e 8, 000

C Becker, G.F ool 9, 000
Contingent fund .. __....... .. ... L.l 1, 500
Total. .o el 118, 700

ALLOTMENTS TO PALEONTOLOGIC WORK.

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

Section. Allotwent.

Paleozoic work. ... ... ... oLl ... $1, 500
Mesozoic work . ... ... .. ... .. 2,000
Cenozoic work . ... ... ... ... ...l 2, 300
Paleobotanic work ... ... ... ... ... . Ll 4,600
Vertebrate paleontologic work._ . ... ... ..._.._.._.. 2, 000
General assistant’s salary. ... ... .. ... .. . ... 1, 200
Contingent fund.. ... ... ... ... e 400
T U 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, Ncbraska, 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. Allotment.

Administration. ... ... ... ... ... $6, 200
Atlantic seetion... ... ... ... Lol 45, 000
Central section.... ... ... ... ...l 30, 000
Rocky Mountain section. .. ... ... o .. 30, 000
Pacifie seetion ... .. ..o ool 30, 000
Contingent fund ... ... ... ... ... ... ... 18, 000
~Total, including stuted sularies. .............. . 159, 200

ORGANIZATION AND WORK OF THE YEAR.

The general organization of the Survey, by branches and
divisions, remained the same as during the prevmus year.

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

GEOLOGIC BRANCH.,
DIVISION OF GEOLOGY.

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
MlSSlSSlppl region, the Rocky Mountain region, and the Pacific
region.

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 GeoOL., PT I—2
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NEW ENGLAND 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, ete.

In the office, Professor Shaler’s time was given chiefly to
the completion of the memoir on the geology of the Narragan-
~ sett coal basin. In this work he was assisted by Mr. J. B.
Woodworth 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. It is based largely upon observations made by Mr.
‘Woodworth and Mr. C. F. 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. .

TImerson party—In continuation of the mapping of the
areal geology of central Massachusetts, Prof. B. K. Emerson
mapped 95 square miles of the northern half of the Barre
sheet and 25 square miles of the southern half of the Bear
Mountain region, on the Pittsfield and Sheffield shects. A
resurvey was made of the Becket sheet, the northern half of
the Sandisfield sheet, the southern half of the Barre sheet, the
northern part of the Marlboro sheet, and a region lying south
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of the Marlboro sheet; in all, 505 square miles of 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
previously 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 Kmerson’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 slate.
The areal work included the mapping of 21 square miles, of
which 4 square miles were 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 on 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 Vermont. 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. W. H. Hobbs was engaged in the com-
pletion of the survey of the areal geology of the Cornwall
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 Iobbs was employed during the brief
period that he gave to the work of the Survey in the prepa-
ration of a preliminary report on the Sheffield sheet of the
Geologic 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 the areal mapping of the Paleozoic and
pre-Paleozoic formations of the areas lying between meridians
73° 45" and 74° 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:

Wolff 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 Wolft 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 Juratriassic 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 ecrystalline 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 and base-level periods were recognlzed and
traced 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 tale
deposits of Maryland 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 larger 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.

Taff 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 1,895 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 upoen 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 stratigrapbic
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 Kditorial Division. also assisted in the
field work for short periods., :

In the office Mr. Taff 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—T he 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. The 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 work 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 White’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 the 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



24 REPORT OF THE DIRECTOR.

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 considerable light on the
question of the productive and nonproductive coal areas. In
addition to the well-known fields along the New and Kanawha
rivers, several 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 the New 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 White
was instructed at the beginning of the season of 1895 to coop-
érate 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 the 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
new sections. This work resulted in showing a new base in
the Tennessee coal fields and the disappearance of the lower
Pottsville beds on the west side. The probable synchrony of
the Sewanee coal bed in Tennessee and the Sewell coal bed in
West Virginia was reduced almost to certainty.

It is anticipated that the 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 the coals of that distriet. 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 River 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 correlations with the coal beds of
western Maryland and southern Tennessee.

In the office Mr. White was engaged in the 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 monograph, 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 coal field and directly north of the Staunton
sheet, which has been' completed and published as a geologic
folio. It also adjoins the Piedmont sheét, which was surveyed
by Mr. Darton, cenjointly 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 Appalachian
Virginia. The work also resulted in defining the distribution
of the Rockwood iron ores and associated limestones in Pen-
dleton and Grant counties, W. Va., and the discovery of manga-
nese near Franklin, which may be of economic importance in
the future. The arca of the Monterey sheet is situated directly.
west of that of the Staunton sheet, and reaches, 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-
wveying 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 Greorgia, and 200 square iiles were resurveyed on
the Gadsden sheet, of Alabama. About 250 square miles of
reconnaissance survey were executed on the Marietta sheet, of
Georgia, and 660 square miles on the Columbia, Linden, 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 sheets, 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 Tallapoosa sheets, which
adjoin it on the north and west, respectively.

The work in the phospate region of central Tennessee was
done 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 an 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-
tion during the weathering of adjacent rocks; and (3) deposits
occurring along fault lines, oftenest 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 represent 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 Weisner, Beaver,and Rome,
are believed to be satisfactorily worked out. From the study of
the 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 the phosphate beds is shown by a graphic method. A large
map was also prepared for the Cotton States and International
Exposition at Atlanta, which exhibited the work done by the
Geological Survey in Alabama and Georgia.-

ATLANTIC COASTAL PLAIN REGION.

This area embraces the Coastal Plain region extending from
the mouth of the Hudson on the north to the Glf 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 square 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 engaged in laboratory
work upon several topics connected with the geology and
paleontology of the northern and middle 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 New York and vicinity, Mr. N. H. Darton, in
addition to the work mentioned on a previous page, resurveyed
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the Juratrias area of the Paterson, Staten Island, and Harlem
sheets, comprising 337 square miles. He also made a recon-
naissance of the Rommey (W. Va.-Va.-Md.), the Woodstock
(Va-W. Va.), and the Trenton (N. J.-Pa.) sheets.

- In the office Mr. Darton gave considerable time to the 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 party—Late in the season Prof. N. 8. Shaler, assisted
by Mr. J. B. Woodworth, began the survey of the Richmond
(Va.) coal field. This work was interrupted during the winter
and was taken up again in June, 1896.

Lildridge party—Early in April work was resumed by Mr. *
George . 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.

INTERIOR OR MISSISSIPPI REGION.

This region embraces 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—The areal work of the Lake Superior
region, under the charge of Prof. C. R. Van Iise, was mainly
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 distriets was also completed. The principal eco-
nomic results were of a negative character. It was unknown
whether east of the main area of Archean, between meridians
88° and 89° 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 yxeld workable
deposits of iron ore.

Protfessor Van Hise was ass1sted 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
Van Hise also gave part of his time to the final 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
Minnesota, 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 anticipated that the joint report of Messrs. Clements and
Smyth with an introductory chapter by Professor Van Hise,
will be made ready for publication dunng 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 Colorado. In
southeastern Colorado a reconnaissance was carried across the
Catlin, Timpas, Las Animas, Higby, Lamar, Two DButte,
Granada, and Albany sheets, and into parts of western Kansas
immediately 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 thé Arkansas Valley in
Colorado. Tt was also found that there are in that district
many local flexures, and that these disturbances characterize
the beds quite to the Kansas boundary. In the broadest val-
leys of the district the Cretaceous 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 Nepesta
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 Juratrias beds are thereby
arched upward in a dome 3 or 4 miles broad and a thousand
feet high. These laccolites are exceptional in the character
of their lava, which is more basic than any previously reporied.
The associated sedimentaries 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 sedimentaries 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 reconnaissance. It will therefore be
possible, when the geology of the district has been mapped
in detail, to indicate with considerable 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 extensive 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 and
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 source in the
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Rocky Mountains. It will be of advantage to the community
to have the conditions and limitations of this water supply set
forth.

In the office the field notes of the previous season were
written out, collections were numbered, arranged, 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 reconmaissance
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 information 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 Dakota
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 be 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
examined 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. II. O. Hofman, of the Massa-
chusetts Institute of Technology. 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 region.

In addition to the work above described, Mr. Gilbert spent

17 GEOL., PT 1—3
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considerable time toward the close of the field season, and
again in May and June, in the study of the Pleistocene his-

tory of the district about Niagara Ifalls, the northeastern
part of New York State from Bangor to Lake Champlain,
and a district in southeastern Michigan extending from Port
Austin at the north to Wyandotte at the south. This work
pertained almost wholly to features directly connected with
the history of Niagara Falls, a report upon which will be pre-
pared for incorporation in the Eighteenth Annual Report of
the Survey.  One of the phases of the subject to which especial
attention has been given within the past year is the history of
the changes in the drainage systems of Lakes Michigan, Huron,
and Superior. Mr. Gilbert considers that he has unquestionable
evidence 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 channel, ceased 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, such 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 in 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-
logic bibliographies, in course of preparation.

Hill party—The party in charge of Mr. R. T. Hlll was
occupied in work in Texas, though Mr. Hill extended his field
of observations into Indian Territory 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. The same formations were also
studied in northern Texas, points being visited in the vicinity
of Fort Worth, 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 Peak, Marble Falls, Round Mountain,
Fredericksburg, 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 Kdwards plateau were
studied, and also the region of the head-water drainage of the
streams which rise in its southern margins. Important infor-
mation was secured upon the conditions of occwrrence 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 Iecos 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 square miles of the Nueces 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 W01k are: The determi-
nation of the character and geologic occurrence of the commer-
cially important asphaltum beds of southwestern Texas; the
securing of full data touching the occurrence of underground
waters in the great thickness of Cretaceous rocks of Texas;
the determination of the age and position of the new and com-
mercially valuable coal fields of San Carlos, in Trans-Pecos
Texas, which, according 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 and 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 therc are now in the office of the
Survey data for the preparation of accurate geologic maps of
the region. The material collected 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, Brackettville, and Nueces sheets. He also gave
considerable time to the collection of data for and the super-
intendence of the preparation of a base map of the Texas
region. This involved the complete revision of the astronomic
location of various points, the political boundaries, and the
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dramage and physmal 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 gryphee-
ate oysters of the Comanche 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. M.

Vaughan, in addition to his work on the atlas shects, 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 feafures 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 Dakotas, which appears in
Part Il of this Annual Report. It includes all the available
data relating to the wells of South Dakota, and also of the-
southern half of North Dakota, except the Red River Valley.
The area in which artesian 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 is a
chapter on well construction and management.

ROCKY MOUNTAIN REGION.

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. 1In it five ficld parties werc at work, as follows:

Weed party—Mr. Walter H. Weed was engaged mainly 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. While 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 Palcozoic strata are
upturned, the Mesozoic strata resting upon the flanks of the
uplift.

The second region of which a reconnaissance was made 1s
the isolated mountain group known as the Bear Paw Moun-
tains. These consist of slightly disturbed Cretaceous beds,
making a platform through which voleanic material has been
forced to form a group of volcanics. The region is of great
interest because it shows an exccllent example of dissected
volcanoes and because the rocks are of rare type and unusual
association. :

The economic work of the season consisted in the examina-
tion of the mineral resources of the region of the Little Rocky
Mountains, where gold deposits as telluride ores are intimately
associated with voleanic rocks; of the mines of the Bear Paw
Mountains; of the geologic occurrence of the orc hodies of
the Coeur 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 cxami-
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 topographie
base 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.

LEldridge party—Mr. George II. Eldridge was detailed to
make an examination of the mineral resources of the Uncom-
pabgre 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 covered 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 depositsy of Utah, which
he completed. It will be found in Part I of this Annual Report..

Emmons party—The principal field work of Mr. 8. F. Km-
mons and assistants, Messrs. J. E. Spurr and G. W. 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 weeks to
underground exploration. In the course of the season Mr. K-
mons also visited the Silver Cliff and Breckenridge districts of
Colorado, the Butte district of Montana, and the Coeur d’Alene
and Idaho 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 th