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LETTER OF TRANSMITTAL. 

DEPARTMENT OF THE INTERIOR, 

UNITED S·rATES GEoLOGICAL SuRVEY, 

Washington, D. C., July 31, 1885. 
Sm: I have the honor to transmit herewith my report of the 

operations of the Geological Survey for the fiscal year ending 
June 30, 1885. 

Please accept my thanks for the earnest support you have 
given to the work under my charge. 

I am, with great respect, your obedient servant, 

Ron. L. Q. C. LAMAR, 

Secretary of the Interior. 

Director. 
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SIXTH ANNUAL REPORT 

OF THE 

UNITED STATES GEOLOGICAL SURVEY. 

By J. W. PoWELL, Director. 

TOPOGRAPHY. 

During the fiscal year just closed fai~· progress has been 
made in the topographic survey of the United States. An area 
of 57,508 square miles has been surveyed and the' maps thereof­
-made ready for the engraver~ The average cost of the work 
has been about three dollars per square mile. The following 
table shows the distribution of this work and the several scales 
upon which it has been executed: 

Table of areas sw·veyed by the United States Gcolooical Surt•ey.t 

Area. 

Massachusetts _...... .. .. .. .. .. .. .. . _ ..... _ ..... __ ~. 

New Jersey··--·- ...................... ··- ......... .. 
Appalachian region .... _ ........ _ .................. .. 

Missouri-Kansas ...... _ ....... _ ............ _ ....... .. 

Texas ................................... : ......... .. 
Plateau region .......... __ .................. _ ....... . 

Yellowstone Park ................................... . 
Northern California .............. _ .......... __ ..... .. 

Scale of pub- Area (square 
lication. miles). 

1: 62500 

1: 62500 

1: 125000 

1: 125000 

1: 125000 

1: 250000 

1: 125000 

1: 250000 

1,250 

1,268 

17,640 

13,600 

4,000 

15,000 

1,000 

3,750 

Total ... --.·- ........ __ ., .................................. .. 57,508 

1 A map, Plate I, exhibiting the areas surveyed, as tabulated above, in their relation 
to previous surveys, will be found in the pocket at the end of this volume. 
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XVI REPORT OF THE DIRECTOR. 

During the past four years the Director has given special 
attention to methods of topographic surveying and cartographic 
systems, and a plan has at last been developed which seems to 
meet all requirements and to be reasonably econo~ic. In the 
establishment of this plan the following considerations have 
had chief control: · 

1. The area of the United States is very great, being about 
three million square miles, exclusive of Alaska, and no nation 
has yet undertaken to execute a work of this character over a 
.region of such magnitude. It has therefore been deemed o( 
prime importance· that the survey should be conducted with 
the utmost regard to economy. 

:!. The present purpose for which the map is constructed is 
the representation of the areal geology of the country, and 
the map should be constructed on such scales and represent 

~/such topographic features as are of prime importance in geo-
. logic representation; but while the immediate purpose of the 

map must be thus considered, it should be .remembered that 
it may be made useful for many other important purposes in 
showing the geographic distribution of phenomena. Once con­
structed and engraved, the plates may serve for new editions 
from time to time, to be used for a great variety of purposes: 
in the study of drainage systems ;jn the study of the regimen 
of rivers; in the study of the great subject of irrigation; in th!=l 
study of the distribution of forests; in the study of the dis­
tribution of artesian waters; in the study of catchment areas 
for the supply of water to cities; in the study of the drainage 
of swamps and overflowed lands; in the study of soils and the 
classification oflands for agricultural purposes.; and in the lay­
ing out of highways, railroads, and canals. The maps will also 
be of prime importance for st~·ategic and administrative pur-~ 
poses in the event of war. The uses for topographic maps . 
when once constructed are very many, but there is no demand i. / 

, more exacting than that made by the geologist, and if properly:. 
made to meet his wants they will subserve all the purposes ofV 

. . I 

the civil engineer, the agriculturist, the military engineer, and/' 
the naturalist; and it is believed that a topographic survey has ~ 

been inaugurated which will meet all practical wants. ' 
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3. The need for a topographic map is perennial, and the 
map once constructed should be enduring, that the expense of 
frequent resurveys may be avoided; and this important con­
dition has been carefully weighed. 

4. The cost of the survey is paid from the National Treas­
ury ; it is therefore made at the expense of the people of the 
United States, and should nieet the wants of the greatest num­
ber of persons; and the map should be so simple that it can 
be used by all people of intelligence. 

The organization executing this work, as at present estab­
lished, is as follows : First, an astronomic and computing 
division,· the officers of which are engaged in determining the 
geographic coordinates of certain primary points. Second, a 
triangulation corps, engaged in extending a system of trian­
gulation over various portions of the country from measured 
base lines. Third, a topographic corps, organized into twenty-

. seven parties, scattered over various portions of the United 
States.· 

The geographic basis of this map is a trigonometric survey, 
by which datum points are established throughout the country: 
that is, base lines are measured and a triangulation is extended 
therefrom. This trigonometric work is executed on a scale 
only sufficiently refined for map making purposes and will 
not be directly useful for geodetic purposes in determining the 
figure of the earth. The hypsometric work is based upon the 
railroad levels of the country. Throughout the greater part 
of the country there is a system of railroad lines, constituting 
a network. The levels or profiles of these roads have been 
established with .reasonable accuracy, and as they cross one 
another at a multiplicity of points, a system of checks is afforded, 
so that the railroad surface of the country can be determined 
therefrom with all the accuracy necessary for the most refin~d 
·and elaborate topographic maps. From such a hypsometric 
basis, the reliefs for the whole country are determined, by run-
ning lines of levels, by trigonometric construction, and ·in 
mountainous regions by barometric observation. 

The primary triangulation having been made, the topogra­
phy is executed by a variety of methods, adapted to the pecu~ 

6 GEOL--II 
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liar conditions found in various portions of the country. To 
a large extent the plane table is used. In the hands. of the 
topographers of the Geological Survey the plane table is not 
simply a portable drafting table for the field: it is practically 
an instrument of triangulation, and all minor positions of the 
details of topography are determined through its use by trigo­
nometric construction. 

The plan for the map contemplates map sheets of three d!ffer­
ent scales, suited to the requirements of _the various sections 
of the country, namely, 1:62500, 1:125000, and 1:250000. The 
first is approximately one mile. to the inch, the second two 
miles to the inch, and the third four miles to the inch. rrhe 
considerations governing the scale are, first, present or pro­
spective density of settlement; second, economic importance; 
third, complexity of geologic phenC?mena; fourth, degree of 
detail in topographic features. 

The map is constructed in contours, with vertical intervals of 
10, 20, 50, 100, and 200 feet, varying with the scale of the 
map and the magnitude of relief features. The scale ~est 
adapted to each . portion of the country has not yet been de­
cided for the entire area of the United States; such decision 
can be reached only as the work progresses from region to 
region. 

The map is to be engraved in sheets, of which the unit is 
to be the square degree, i. e., one degree of latitude and one 
of longitude. . On the four-mile scale each square degree forms 
one sheet; on the two-mile scale each square degree forms four 
sheets; while on the one-mile scale each sqnaredegree forms six­
teen sheets. Four-mile sheets are designated by the numbers 
indicating the latitude and longitude of the southeast corner 
of the area represented. Thus, "40-100" designates the sheet 
which covers the degree immediately north of lati.tude 4 0 and 
~est oflong·itude 100. The two-mile sheets are designated in 
the same way, with the addition of the further description 
"SE. !,'' "NE. !," "SW. !/' "NW. !,"as the case may be. 
In like manner the one-mile sheets are designated by the 
numbers representing the latitude and longitude of the degree, 
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with ~he addition of the proper fractional designations, such as 
"SE. l of the SE. 1;," etc. 

The sheets are to be engraved on copper, three plates being 
required for each. On one is to be engraved the hydrography; 
on the second, the hypsography, represented by grade curves; 
and on the third, the projection lines, lettering, and public 
culture. Private culture is not represented on the map. The 
hydrography will be printed in blue, the hypsography in brown, 
and the lettering and culture in black. Plates II and III 
exhibit the system of lettering and conventional signs adopted 
by the Survey. 

PALEONTOLOGY. 

·Before giving the outline of the plan for the general geo­
logic survey, it will be better to explain the accessory plans. 
and organizations. There are in the Survey, as at present 
organized, th~ following paleontologic laboratories: 

1. A laboratory of vertebrate paleontology for formations 
other than the Quaternary. In connection with this laboratory 
there is a corps of paleontologists. Professor 0. C. Marsh is 
in charge. 

2. There is a laboratory of invertebrate paleontology of 
Quaternary age, with a corps of paleontol9gists; Mr. Wm. H. 
Dall being in charge. 

3. _There is a laboratory of invertebrate paleontology of 
Cenozoic and· Mesozoic age, with a corps of paleontologists. 
Dr. C. A. White is in charge. 

4. There is a laboratory of invertebrate paleontology of 
Paleozoic age, with a corps of paleontologists. Mr. C. D. 
Walcott is in charge. 

5. There is a laboratory of fossil botany, with a corps of 
paleobotanists; Mr. Lester F. Ward being in charge. 

The paleontologists and paleobotanists connected with the 
laboratories above described study and discuss in reports the 
fossils collected by the general geologists in the fielq. They · 
also supplement the work of the fie_ld geologists by making: 
special collections in important districts and at. critical hori­
zons, but the paleontologists are not held resp\)nsible for areat 
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and structural geology on the one hand and the geologists are 
not held responsible for paleontology on the other hand. In 
addition to the large number of paleontologists on the regular 
work of the Geological Survey, as above described, several 
paleontologists are engaged from time to time to make special 
studies. 

CHEMISTRY. 

There is a chemic laboratory attached to the Survey, with 
a large corps of chemists engaged in a great variety of re­
searches relating to the constitution of waters, minerals, ores, 
and rocks. A part of the work of this corps is to study the 
methods of metamorphism and the paragenesis of minerals, 
and in this connection the chemists do work in the field ; but 
to a large extent they are occupied with the study of the mate­
rials collected by the field geologists. Professor F. W. Clarke 
is in charge of this department. 

PHYSICAL RESEARCHES. 

There is a physical laboratory in the Survey, with a small 
COl'ps of men engaged in certain physical researches of prime 
importance to geologic philosophy. 'rhese researches are ex­
perimental, and relate to -the effect of temperatures, pressures, 
etc., on rocks. This laboratory is under the charge of the 
Chief Chemist. 

LITHOLOGY. 

There is a lithologic laboratory in the Survey, with a large 
corps of lithologists engaged in the microscopic study of rocks. · 
These lithologists arE1 field geologists, who examine the collec­
tions made by themselves. 

STATISTICS. 

There is in the Survey a division of mining statistics, with a 
large corps of men engaged in statistic work, the results of 
which are published in an annual report entitled ''Mineral 
Resources." Mr. -Albert Williams, jr., is the Chief Statistician 
of the Survey. 
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ILLUSTRATIONS. 

There is in the Survey a division organized for the purpose 
of preparing illustrations for paleontologic and geologic reports. 
Mr. W. H. Holmes is in charge of this division. Illustrations 
will not hereafter be used for embellishment, but will be strictly 
confined to the illustration of the text and the presentation of 
such facts as can be best exhibited by figures and diagrams. 
All illustrations· will, as far as possible, be prepared, by relief 
methods, such as wood engraving, photo-engraving, etc. As 
large numbers of the reports of the Survey are published, this 
plan is demanded for economic reasons; but there is another 
consideration belie~ed to be of still greater importance: illus­
trations made on stone cannot be lised after the first edition, as 
they deteriorate somewhat by time, and it is customary to use 
. the same lithographic stone for various purposes from time to 
time. The illustr~tions made for the reports of the Survey, if 
on relief-plates that can be cheaply electrotyped, can be used 
again when needed. This is especially desirable in paleon­
tology, where previously published figures can be introduced 
for comparative purposes There are two methods of studying 
the extinct life of the globe: fossils are indices of geological 
formations, and must be grouped by formations to subserve 
the purpose of geologists; fossils also have their biologic 
relations, and should be studied and arranged in biologic 
groups. Under the plan adopted by the Survey, the illustra­
tions can be used over and over again for such purposes when 
needed, as reproduction can be made at the small cost of elec­
trotyping. These same illustrations can be used by the public 
at large in scientific periodicals, text books, etc. All the illus­
trations made by the Geological Survey are held for the public 
to be used in this manner. 

LIBRARY. 

The library of the Survey now contains 15,000 books and 
about 10,000 pamphlets, and is rapidly growing by means of 
exchanges. It is found necessary to purchase but few books. 
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The librarian, Mr. C. C. Darwin, has a corps of assistants 
engaged in bibliographic work. It is proposed to prepare a 
catalogue of American and foreign publications upon American 
geology, which is to be a general authors' catalogue. In addi­
tion to this, it is proposed to publish bibliographies proper of 
special subjects constituting integral parts of the science of 
geology 

"' PUBLIUATIONS. 

The publications of the Survey are in three series: Annual 
Reports, Bulletins, and Monographs. The Annual Report con­
stitutes a part of the Report of the Secretary of the Interior for 
each year, but is a distinct volume. This contains a brief 
summary of the purposes, plans, and operations of the Survey, 
prepared by the Director, and short administrative reports from 
the chiefs of divisions, the whole followed by scientific papers. 
These papers are selected as being those of most general interest, 
the object being to make the Annual Report a somewhat popular 
account of the doings of the Survey, that it may be widely read 
by the intelligent people of the country. Of this 5,650 copies 
are published as Volume III of the Secretary's Annual Report, 
and are distributed by the Secretary of the Interior, Senators, and 
Members of the House of Representatives; and an extra edi- -
tion is annually ordered of 15,000 copies, distributed by the 
Survey and members of the Senate and House of Representa­
tives. Four Annual Reports have been publisheq; the fifth 
is now in type and ready to be put to press. 

The Bulletins of the Survey are short papers, and t4rough 
them somewhat speedy publication is attained. Each bulletin 
is devoted to some specific topic, in order that the material 
ultimately published in the bulletins may be classified in any 
manner desired by scientific men. 1'hirteen bulletins have 
been published, nine are ready to be put to press, and two 
are in the hands of the printer in manuscript. ·The bulletins 
already published vary in size from n to 325 pages each. They 
are sold at the cost of press-work and ·paper, aiJd vary in price 
from 5 to 20 cents each. Four thousand nine hundred copies 
of each bulletin are published: 1,900 are distributed by Con-
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gress; 3,000 are held for s~le and exchange by the Geological 
Sm:vey. .. 

The Monographs of the Survey are quarto volumes. By 
this method of publication the more important and elaborate 
papers are given to the public. Seven nwnographs, with two 
atlases, have been issued; five monographs, with two atlases, · 
are in press. One thousand nine hundred copies 9f each 
monograph are distributed by Congress; 3,000 are l~eld for· 
sale and exchange by the Survey at the .cost of press-work, 
paper, and binding. 'l'hey vary in price from.$1.05 to.$11. 

The chiefs of divisions :mpervise the publications that origi­
nate in their several corps. 'rhe general editorial supervision 
is exercised by the chief clerk of the Survey, Mr. James C. 
n~g , 

GENERAL GEOLOGY. 

In organizing the general geologic work, it became neces­
sary, first, to consider what had already been done in various 
portions of the United States ; and for this purpose the compi­
lation of a general geologic map of the United States was begun, 
together with a thesamus of American formations. In addi­
tion to this the bibliographic work previously described was 
initiated, so that the literature relating to American geology 
should be readily accessible to the workers in the Survey. At 
this point. it became. necessary to consider the best methods of 
apportioning the work_; that is, the best methods of dividing 
the geologic work into parts to· be assigned to the different 
corps of observers. A stri_ctly geographic apportionment was 
not deemed wise, from the fact that an unscientific division of 
laborwould result and the same·classes of problems would to 
a large extent be relegated to the several corps operating in 

• field and in the laboratory. It was thought best to divide the 
work, as far as possible, by subject-matter rather than by ter­
ritorial areas; yet to some extent the two methods of division 
coincide. There are in the Survey at present: 

First, a division of glacial geology, and Prof. T. C .. Cham-. 
berlin, formerly State geologist of Wisconsin, is at its head, 
with a strong c?rps of assistants. There is an important field 
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for which definite provision has not yet been made, namely, 
the study of the loess that constitutes the bluff formations of 
the Mississippi River and its tributaries. But as this loess 
proves to be intimately associated with the glacial formations 
of the same region, it is probable that it will eventually be 

. relegated to the glacial division. Perhaps the division may 
eventually grow to such an extent that its field of operations 
will include the whole of Quaternary geology. 

Secoaci, a division of volcanic geology is organized, and 
Capt. C~arence E. Dutton, of the Ordnance Corps of the Army, 
is placed in charge, also with a strong corps of assistants. 

Third and fourth, two divisions have been organized to 
prosecute work on the Archean rocks, embracing within their 
field n9t only all rocks of Archean age, but all metamorphic 
crystalline schists, of whatever age they may be fo.und. The 
first division has for its chief, Prof. Raphael Pumpelly, assisted 
by a corps of geologists, and the field of his work is the crystal­
line schists of the Appalachian region, or eastern portion of 
the United States, extending from northern New England to. 
Georgia. He will also include in his studies certain Paleozoic 
formations· which are immediately connected with the crystal­
line schists and involved in their orographic structure. The 
second division for the study of this class of rocks is in charge 
of Prof. Roland D. Irving, with a corps of geologists, and his 
field of operation i~ in the Lake Superior region. It is not 
proposed at present to undertake the study of the crystalline 
sohists of the Rocky Mountain region. 
· Fifth, another division has been organized for the study of 

the areal, structural, and historical geology of the Appalach­
ian region, extending from the Atlantic westward to the zone 
which separates the mountain region from the great valley of 
the Mississippi. Mr. G. K. Gilbert has charge of this work, 
and ·has a large corps of assistants. 

Sixth,, it seemed desirable, partly for scientific reasons and 
partly for administrative reasons, that a thorough topographic 
and geologic survey should be made of the Yellowstone Park, 
and Mr. Arnold Hague is in charge of the work, with a corps 
of assistants. When it is completed, his field will be expanded 
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so as to include a large part of the Rocky Mountain region, 
b':lt the extent of the field is not yet determined. 

It will thus be seen that the general geologic work relating 
to those areas where the terranes are composed of fossiliferous 
formations is very imperfectly and incompletely organized. 
The reason for this is two fold: first, the work cannot be per­
formed very successfully until the maps are made; second, the 
.Geological Survey is necessarily diverting much of its force to 
the construction of maps, and cannot with present appropria­
tions expand the geologic corps so as to extend systematic 
work in the field over the entire country. 

ECONOMIC GEOLOGY. 

Under the organic law of the Geological Survey investiga­
tions in economic geology are restricted to those States and 
Territories in which there are public lands; the extension of 
the work into the eastern portion of the United States included 
only that part relating to general geology. rrwo mining 
divisions are organized. One, in charge of Mr. George F. 
Becker, with headquarters at San Francisco, California, is at 
the present time engaged in the study of the quicksilver dis­
tricts of California. The other, under charge of Mr. S. F. 
Emmons, with headquarters at Denver, Colorado, is engaged in 
study.ing. various mining districts in that State, including silver, 
gold, iron, and coal areas. Each division has a corps of assistants. 
The lignite coals of the upper Missouri, also, have been under 
investigation by Mr. Bailey Willis, with a corps of assistants. 

APPOINTMENTS. 

Three classes of appointments are made on the Survey. 
The statute provides that "the scientific employes of the Geo.­
olgical Survey shall be selected by the Director, subject to the 
approval of the Secretary of the Interior, exclusively for their 
qualifications as professional experts." The provisions of this 
statute apply to all those cases where scientific men are em­
ployed who have established a I;eputation, and in asking for 
their appointment the Director specifically states his reasons, 
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setting forth the work in which the person. is to be employed, 
together with his qualifications, especially enumerating and 
characterizing his published works. On such recommenda­
tions appointments are invariably made. Young men who 
have not established a reputation in scientific research are se­
lected through the agency of the Civil Service Comrnission on 
special examination, the papers for which· are prepared in the 
Geological Survey. About one-half of the employes, how­
ever, are temporary, being engaged for services lasting for a few 
days or a few months only, largely in the field, and coming 
u~der two classes: skilled laborers and common laborers. Such 
persons are employed by the Director or by the heads of di· 
visions, and are discharged from the service when no longer 
needed. It will be seen that the Direc~or is responsible for the 
selection of the employes, directly for those whom he recom­
mends for appointment and indirectly for those selected by the 
Civil Service Commission whom he permanently retains in the 
work. If, then, improper persons are employed, it is wholly 
the Pirect0r's fault. 

GOVERNMENT AND STATE SURVEYS. 

The United States Geological Survey is on friendly relations 
with the various· State Surveys. The State of Massachusetts 
still co-oper~tes with the United States in the survey of that 
Commonwealth, as fully set forth in the last Annual Report. 
Between the Government Survey and the State Survey of New 
York, there is direct co-operation. The State Survey of Penn­
sylvania has rendered valuable assistance to the Govern1:9i:mt 
Survey, and negotiations have been entered into for closer 
relations and more thorough co-operation. The State Surveys 
of North Carolina, Kentucky, and Alabama are also co-ope­
rating with the Government 'Survey, and the Director of the 
Government Survey is doing all within his power to revive 
State Surveys. The field for geologic research in the United 
States is of great- magnitude, and the best results can be ac­
complished only by the labors of many scientific men engaged 
for a long term of years. For this reason it is believed that 

I i 
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surveys should be established in all of the States and ~errito­
ries. There is work enough for all, and the establishment of 
local surveys would greatly assist the general work prosecuted 
under the auspices of the Government and prevent it from 
falling into perfunctory channels. . Its vigor and health will 
doubtless be promoted by all thorough local research. 

It m~y be of interest to scientific men to know that the 
Director finds that in presenting the general results, interests, 
and needs of the Survey to Congress and to Committees of 
Congress, a thorough appreciation of the value of scientific 
Tesearch is shown by the statesmen of the country. Questions 
relating to immediately economic values are asked, as they 
should be; but question's relating to sound administration, wise 
methods of investigation, and important scientific results· are 
vigorously urged, and the principle is recognized that all sound 
scientific research conduces to the welfare of the people, not 
only by increasing knowledge, but ultimately by affecting all· 
the industries of the people. 

- OFFICE OF THE SURVEY. 

Since the last Annual Report was submitted the Survey offi .. , ( 
ces have been moved into the new building on F street rented 
by the Government for this purpose. The building is commo­
dious and well arranged, and the office work is thereby accom­
plished with greater promptness and economy. The laborato­
ries of the Survey remain in the National Museum, and some 
.inconvenience results from the fact that the general offices are 1 
severed from the laboratories. · _} 

.-
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FINANCIAL STATEMENT. 

Amounts appropriated by Oongress for the work of the United States Geo­
logical Survey for the fiscal year ending June 30, 1885. 

Salaries, 
Geological office of Geo- Total a_P-

Survey. logical Sur- propriatwn. 
vey. 

Amounts appropriated ..................................... $453,700 00 $35,340 00 $489,040 00 

Amounts expencled, classified as follows: 

Expenses. 

A.-Services .............................. .. 
B.-Traveling l'xpenses ................... .. 
C.-Transportation of property ............ . 
D.-Field subsistence ..................... .. 
E.-Field supplies and expenses ........... . 
F.-Field material ........................ .. 
G.-Instruments .......................... .. 
H.-Laboratory material ..•..•.••....••..... 
I.-Photographic materiaL ................ . 

K.-Books and maps ....................... . 
' L.-Stationery and drawing material ..•..•.. 

M.-IIIustrations for reports ............... .. 
N.-Officerents ............................ . 
0.-0ffice furniture ....................... .. 
P.-Office supplies and repairs ............ .. 
Q.-Storage ............................... .. 
R.-Correspondence ........................ . 
S.-Bonded railroad accounts: Freight, 

$296.54; transportation of assistants, 
$2,279.88.-- ...... -- .•.. ----- ...• -...... 

Salarie~. 

$286,394 18 
32,290 25 
8, 200 76 

14,764 64 

21,222 04 

- 20,519 60 
11,772 88 

7, 767 86 
6, 194 65 

10,274 04 
4, 229 67 
3, 172 60 
1, 929 62 

10,930 27 
6, 104 38 

330 80 

1, 147 59 

2, 576 42 

::::::::::::::1:::::::::::::::::::::::::::: 

449,822 25 

A.-Salaries................................. .............. ...... ........ 35,174 50 484, 996 75 

Balance unexpended ...................................... . 3, 877 75 165 50 4, 043 25 
===-====== Probable amount required to meet outstand-

ing liabilities ........................................... . 3, 877 75 3, 877 75 

REPORTS OF OPERATIONS. 

The operations of the Survey for the fiscal year are fully 
set forth in the accompanying administrative reports made by 
the several heads of divisions. 

In conclusion, it is the pleasure of the Director to acknowl­
edge with grateful thanks the hearty co-operation of the va­
rious members of the Survey in the work under his charge. 
By their genius, learning, and efficiency all measure of success 
attained has been achieved. 
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The Survey is deeply indebted to the honorable Secretary of 
the Smithsonian Institution, Prof. Spencer F. Baird, for pro­
viding laboratory rooms for its use in the National Museum 
and facilities for the installment of its great collections. 

Free transportation has been extended to the members of 
the Survey by many of the railroads of the United States, 
thus greatly increasing the ability of the Survey to extend its 
scientific researches. The thanks of the Director are hereby 
extended to the officers of these roads. 

'l'he Survey is deeply indebted to the Public Printer, the 
Hon. S. P. Rounds, for the aid which he has given it in sys­
tematizing the illustrations for its reports and in the adoption 
of economic methods of reproduction. The scientific reports 
are very complex and their _mechanical reproduction is a task 
of difficulty and magnitude. rro this task the officers of the 
Government Printing Office have devoted great pains, and very 
important improvements in the reports of the Survey have re­
sulted therefro.m. 

/ 
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ADMINISTRATIVE REPORTS. 

REPORT OF MR. HENRY GANNETT. 

UNiTED STATES GEOLOGICAL SURVEY, 

DIVISION OF GEOGRAPHY, / 

Washington, June 30, 1885. 
SIR: During the year topographic work has been carried on in all 

the fields occupied during the previous year, including Massachusetts, 
the southern Appalachian region, the plateau region of the southwest, 
the Yellowstone Park, and northern California. In Massachusetts and 
in the Southern Appalachian region the scale of the maps has been en­
larged with a view to the representation of the topography in greater 
detail and with correspondingly more accuracy than former plans con­
templated. In addition to the areas above enumerated, work has been 
commenced in Missouri, in Kansas, and in Texas, and the field of opera­
tions in the southweRt plateau region bas been extended into south­
eastern Utah and southern Nevada; while, furthermore, work has been 
carried on by this organization in New Jersey; as a portion of a plan of 
co-operation with the Geological Survey of that State. 

The total area surveyed during the season was 57,508 square miles, 
distributed as follows among the several areas of work projected : 

Area. 

Massachusetts .... - ......••.•...•.•...... __ .....•......•.••................... 

New .Jersey·-··---····--···-······-·················· ........................ . 
Appalachian region ........................................................... . 
Missouri-Kansas ................••..•.......••••••..•...•••.••..... --··-·.--- .. 
Texas ......................................................................... . 
Plateau region .............................. , ................................. . 
Yellowstone Park ..............•................... _ ........... -.. -......... .. 
Northern California ...... -............................................ - ... - ... -, 

Scale of 
publica­

tion. 

Area, 
square 
miles. 

1 : 62500 1, 250 

1 : 62500 1, 26? 
1 : 125000 . 17, 640 

1 : 125000 13, 600 

1: 125000 4, 000 

1: 250000 15, 000 

1 : 125000 1, 00~ 

1 : 25oooo 

1

_ a, 750 

57,508 

The average cost of all the work done has been about $3 per square 
mile. 

3 
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NEW ENGLAND DIVISION. 

During the spring of 1884 the legislature of Massachusetts passed an 
act appropriating $40,000, w-hich amount was estimated to be one-half 
of that required for making a map of the State in sufficient detail to be 
published on a scale of 1 mile to an inch. This was done upon the 
condition that this organization should pay the other half. The inter­
ests of the State were placed in the hands of a commission consisting 
·of General Francis A. Walker, president of the Massachusetts Institute 
of Technology, Prof. H. L. Whiting, of the United States Coast and 
Geodetic Survey. and Prof. N. S. Shaler, of Harmrd University. Un­
der a proposition made by the Director and accepted by the commission, 
work was commenced by this Survey and carried forward by it for two 
months, the results to oe accepted or rejected py the commh;sion. In 
accordance with the rpsult of their examinations, in October the work 
was accepted by the commission, and it has been since carried on at the 
joint expense of the State and of this organization. 

Before the close of the last fiscal ~·ear Professor Walling had been 
placed in the field in the southwestern part of Massachusetts. He com­
menced work in the town of Mount Washington, and was engaged until 
August in extending a minute triaugulation in that and the neighbor­
ing towns and adjoining portions of New York and Connecticut. In 
August there were detailed to his party, Mr. E. W. F. Natter, as plane 
tabler, Mr. J. H. Jennings, assistant topographer, and one field assistant. 
By this party, work·was carried on until the latter part of November, 
when field-work in this ar~a was in the main given up and Messrs. 
Walling and Natter were ordered to Boston. Mr. Jennings remained 
in the field during the winter engaged in making traverse surv~ys and 
running level lines in the valley of the Housatonic. 

Shortly after the return of Mr. Natter to Boston he was instructed to 
undertake, during the intervals of good weather in the winter, the sur­
vey of the country included in the atlas sheet comprising 15 minutes of 
longitude and 15 of latitude which embraces Boston and its immediate 
surroundings. This work has necessarily progressed slowly during the · 
winter, owing to the large amount of severe weather, but during the 
spring it has gone on more rapidly, and is now nearly completed. 

During the month of August three additional parties were directed to 
take the field in Massachusetts. One, under Mr. Anton Karl, comprising,, 
besides himself, Mr.· Frederick Roeser, Mr. R. H. McKee, and two field 
assistan~s, was directed to survey the country in the middle'portion of 
the State east of the Connecticut River, its western line being that 
stream. Another party, under Mr. S. H. Bodfish, to whom were detailed 
Messrs. C. C. Bassett, R. B. Phillips, and two rodmen, undertook the 
survey of the northern portion of I3ristol County, in the southeastern 
part of the State. The other party was in charge of Mr. J. D. Hoff-

-mann, and to him were detailed Messrs. D. J. Howell, Felix Frey hold, 
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and two rodmen. To this party was assigned the northern portion of 
Essex County. These parties prosecuted field work continuously until 
the end of November. The-areas surveyed by them are represented 
upon the accompanying sk,etcb, Plate IV. 

Duririg the winter Messrs. Karl, Bodfish, and Hofl'mann, with such 
of their assistants as were retained, have been in Washington engaged 
upon the, work of finishing their maps, making transcripts of them for 
deposit with the_ State of Massachusetts and in compiling for future use 

· the surveys of the United States Coast and Geodetic Survey on and near 
the coast. In addition to his share of this work Mr. Karl, with his as_ 
sistant, has been occupied during May and June in plotting the Denver 
map, referred to in my last report. 

Mr. Hoffmann was detailed early in April to other work. 
On April 22 Mr. Bodfish was ordered to the field for the purpose of 

extending the area surveyed by him during the previous field season, 
and Messrs. C. C. Bassett, R. H. Phillips, Laurence Thompson, and six 
field assistants, including rod men, were placed under his orders, forming 
a !arge and effective working party. By the middle of May be was well 
at work, and is making rapid progress. · 

Early in March .work was commenced in Worcester County, by Mr. 
W. D. Johnson. As the season opened, three field assistants were de­
tailed to him, and he is making good progress and-doing excellent work. 

An estimated area of 1,250 square miles has been surveyed during the 
year in the State of Massachusetts. 

NEW JERSEY. 

On July 16, 1884, the topographic work previously carried on by the 
Geological Survey of New Jersey wa~ assumed by the United States 
Geological Survey. A brief sketch <!.f the work done by the State rrior 
to that date will be instructive· in connection with a statement of its 
progress during the past fiscal year. 

Work dime by the State Geological Survey.-Tbe topographical survey 
of New Jersey was begun under the direction of the board of managers 
of ~he Geological Survey of that State in 1876 and 1877 by the survey of 
the clay district of Middlesex County, from which the principal part of 
the fire and potter's clays of New Jersey are obtained. The field work 
was done by the late James K. Barton. This work covered about 70 
square miles, was drawn on a scale of 3 inches to a mile, and was pub­
lished with the State geological report upon that district in 1878. In 
the same year the topographical survey of the eastern·part of the State, 
which includes Newark, Jersey City, and the thickly settled country ad­
joining, was begun. The field work was in charge of Mr. George W. 
Howell during that year and the one following, and 74H square miles 
were surveyed. The maps were drawn on a scale of 3 inches to a mile, 
and the work was then -reduced to a scale of 1 inch to a mile, and was 
published by the State geological survey in 1882, under the title of 

I 
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"Topographic Map of a Portion of Northern New Jersey." This map 
covered an area of 847 square miles. 

The value of this map to the survey as well as· to the economic in­
terests of the State was so apparent that it was thought best to con­
tinue the survey over the whole of its area. The surveying parties 
were organized under the charge of Mr. C. 0. Vermeule, and work was 
continued as rapidly as means would permit. A plan for mapping and 
publishing the whole area of the State was matured and adopted. The 
maps were drawn on a scale of 3 inches to a mile and were reduced 
for publication on a scale of 1 inch to a mile. The sheets, numbering 
17, are 24 by 34 inches. The irregular form of the State rendered it 
difficult fo arrange these sheets in regular order, and they were there­
fore placed so as to include geological areas, and instead of lying edge 
to edge they overlap to some extent. The accompanying key-map (Plate 
No. V) shows the locations and numbers of the seveml topographic maps. 
Maps Nos. 3,4, and 7 were printed attheendof18S3; Nos.2,6, and 16were 
printed at the end of 1884 and Nos. 1, 9, 13, and 17 are well.advanced. 
Up to July 16, 1884, there had been surveyed 3,356 square miles out of 
the estimated area of the State, 7,576 square miles. By far the most 
rugg~d part of the·State was included in the surveyed area. The accom. 
panying sketch-map shows the area 8Urveyed up to that time. 

At the opening of the season of 1884.the parties were organized under 
Mr. Vermeule, as follows: 

One leveling and contouring party under Mr. F. W. Bennett. 
One leveling and contouring party under Mr. George Hill. 
One leveling and contouring party under Mr. 0. F. Sproul. 
Three odometer recorders, in charge of Mr. P. D. Staats. 
Work during the past fiscal year.- On the 16th of July the corps of 

assistants in the topographic survey of New Jersey was transferred 
into the service of the United States Geological Survey. Its office re­
mained iu the rooms of the geological survey of New Jersey at New 
Brunswick, and the instruments belonging to that survey were con­
tinued in use. 

From July 16 to December 20, 1884 the parties were continued in the 
field and 1,082 square miles were surveyed. During the winter the 
several inembers of the corps were engaged in plotting the notes which 
had been taken, and full occupation was found in this up to the time 
for resuming field-work. 

The mapping having been completed, on April 21 Mr. P. D. Staats, 
assisted by Mr. W. H. Luster, took the field and proceeded with the 
traversing of roads, etc. They have continued ·this work until the pres­
ent date, having covered about 750 square miles. Messrs. F. W. Ben­
nett and P. H. Bevier, assisted. by Mr. J. G. Tait, proceeded to Sandy 
Hook on May 4 and made a thorough survey of that place with transit 
and stadium; and, on the 18th of the same month, Messrs. Bennett and 
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W. F. Marvin began running primary lines of levels from Sandy H.ook 
southward toward Camden. They have been engaged in this work to 
the present date, having run 150 miles of levels. Mr. George Hill, as­
sisted by Mr. Marvin, and later by Mr. Tait, has been engaged in run­
ning primary lines of levels and in contouring since May 4, and Mr. P. 
H. Bevier, with Mr. George G. Earl as assistant, has been engaged in 
contouring since· May 25. Since the opening of the season, about 180 
square miles have been completely surveyed and much preliminary 
work has been done on an additional area of more than 500 square miles, 
Messrs. 0. F. Sproul and F. Van Brakle have assisted in the office since 
the opening of the season for field work. 

The present condition of the survey will be best understood by a refer­
ence totheaccompanyingkey-map (Plate VI) of the State of New Jersey, 
on which are drawn the outlines of the several sheets, designed by the 
United States Geological Survey to cover the State. It will be seen 
that each of these sheets h; orie-quarter of a degree of latitude in its 
length an.d a quarter of a degree of longitude in its breadth. The 
shading shows the present extent of the surveys. In general terms, it 
may be said that 47616 square miles have been surveyed, leaving 2,960 
square miles unsurveyed. 

The methods of work pursued give ver;y satisfactory results, as shown 
by the various checks applied to them, and appear to be those best 

. adapted to the smooth and wooded country in which they are carried 
on. The basis of the work is furnished by the euited States Coast 
and Geodetic Survey, that organization having supplied the positions 
of 50 primary triangulation points and about 250 secondary and 
tertiary triangulation points, being an average of one in each 25 square 
miles. Upon these points the topographic snrYeys are adjusted so 
nearly that no appreciable error can be deteetecl on the maps. In sur­
veying, the distances are measured by the odometer and the bearings 
by the azimuth compass. For determining altitudes~ the engineer's 
level is used, and the datum plane, to which all elevations are referrep., 
is that of mean tide at Sandy Hook. Substantial, p(\rmanent, and care­
fully secured bench-marks from this datum plane are being set in all 
parts of the State, so that reference may be made to them by engineers 
and surveyors. These also become permanent ~ecords, to which refer­
ence may be bad in future time in determining whether there is any 
change in the relative heights of the laud and the sea. 

APPALACHIAN DIVISION. 

The necessity for a larger scale for the maps of the southern Appa­
lachian region having become apparent, not only on account of the 
prospective development of that region but also because of the intricacy 
of its geologic phenomena, it was decided t.o publish the maps upon a 
scale of 1 : 125000, in contours 100 feet apart. While most of the work 
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hitherto done in this region has been in sufficient detail for publication 
upon this scale, it was apparent that in certain regions some revision 
would be necessary. 

Mr. Gilbert Thompson, geographer, who had hitherto had charge. of 
the California division, wa·s transferred to the east and placed in charge 
of the Appalachian division. The latter was organized with one tri­
angulation party, under Mr. S. S. Gannett, having Mr. J. W. Hays as 
assistant, and six topographic parties, respectively, under Messrs. W. 
T. Griswold, Morris Bien,W. A. Shumway, F. M. Pearson, C.l\f. Yeates, 
and Louis Nell, the party of the latter being a new organization. 

Mr. Gannett left for the field on July 2. He was instructed to con­
tinue the triangulation in western North Carolina and in the valley of 
East Tennessee. During the season he occupied 19 stations, controlling 
an area, within figures, of 5,000 square miles. The triangulation was 
carried on with a 7-inch theodolite, reading to 10" by vernier. Arti· 
ficial signals were used throughout, and tn some cases it was necessary 
to use heliotropes, especially upon the low valley stations. 

Mr. Griswold left for the field on July 1, his point of outfitting being 
Cumberland, Maryland. While engaged in preparations for taking the 
field, he did some topographic work in the vicinity of Uum berland, and 
left for the field, with his party fully organized, on July 16. His party 
consisted, bt>sides himself, of Messrs. L. C. Fletcher and Mnrill Hack­
ett, assistant topographers, with two field assistants and the necessary 
laborers. During the· season he completed the .triangulation and topog­
raphy of 3,540 square miles, comprised in the counties of Alleghany 
and Washington, in Maryland; Mineral, Hampshire, Preston, Tuc_ker, 
Grant, Hardy, and Morgan, in West Virginia; and Warren, Frederick, 
Shenandoah, and Page, in Virginia. The party was disbanded at 
Romney, West Virginia, November 29. Mr. Griswold remaiued in the 
field until December 9, with one assistant, for the purpose of closing 
up the triangulation . 
. The party of Mr. Bi'eu consisted, besides himself, of Messrs. R. C. 

McKinney and E. A. Oyster, with several field assistants and the nec­
essary laboring force. The general section of work was southwest Vir­
ginja, He completed an area of 2,920 square miles, comprising the 
whole or parts of Scott, Washington, Smythe, Tazewell, Bland, Wythe, 
Grayson, Carroll, Pulaski, and Giles Counties. His party was dis· 
banded at Wytheville, Virginia, on December 5. 

The party under Mr. Shumway outfitted at Charleston, West Vir­
ginia, and commenced work on August 1.. Mr. Shumway's assistants 
were Messrs. G. F. Wakefield, D. C. Harrison, and E. U. Barnard, be­
sides several field assistants and the necessary laborers. The party was 

large one, intended to carry on both triangulation and topography, Mr. 
Wakefield having been detailed to it primarily for the purpose of doing 
the former work. Mr. Shumway's field of work lay entirely in the Oum-

'. 
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berland plateau region, part of it being in West Virginia, between the 
Big Sandy and Kanawha Rivers, and partly in eastern Kentucky. The 
total area of this most difficult country surveyed by the part.y during 
t~e season was 3,250 square miles, comprised in the counties of Letcher, 
Knox, Floyd, Pike, and Martin, in Kentucky; and in Wyoming and 
McDowell Counties., in West Virginia. The party disbanded early in 
December. Mr. Shumway remained in the field a short time thereafter 
and Mr. Wakefield unt.il th"e end of the calendar year, for the purpose 
of closing up gaps in the triangulation. 

Mr. Pearson's party comprised besides himself Messrs. H. B. Blair 
and A. E. Murlin, two field assistants, and laborers. Mr. Pearson was 
occupied with general executive duties relating to the division, so that 
his party was not able to commence work until August 5. His field lay 
in the valley of East Tennessee, extending southwestward from that of 
last year. The area surveyed comprised the whole or parts of the fol· 
lowing counties: McMinn, Monroe, Loudon, Blount, Sevier, Cocke, 
Green, Washington, and Unico.i, being a total area of 3,000 square 
miles. His party disbanded at Athens, Tennessee, December 1. 

Mr. Yeates was assisted by Messrs. R. McC. Michler, H. S. Selden, S. 
H. Giesy, and S. J. Wilson, assistant topographers, and the necessary 
laboring force. His field of work lay in the southwestern portion of the 

_ mountain region of North Carolina and northeastern Georgia. In the 
former State he completed the counties of Cherokee, Graham, and Clark, 
and portions of Monroe, 8wain, and Macon, and in the latter State parts 
of the counties of Fannin, Union, and Towns. The total area surveyed 
by this party was 1,930 square miles. I~ disbaudctl at Charleston, North 
Carolina,· November 27. 

The party under Mr. Nell comprised besides himself Mr. R. M. Tow­
son, assistant topographer, four field assistants, and the necessary labor­
ing force. It was outfitted at Chattanooga, Tennessee. The field of 
work lay directly south of that point, in northeastern Alabama and 
northwestern Georgia. In the former State l\fr. Nell was aided to a 
considerable extent by the drainage furnished by the plats of. the Gen-

. eral Land Office, while the triangulation of the United States Coast and 
Geodetic Survey furnished the necessary control. During the season 
this party mapped a small area in Tennessee, in the vicinity of. Chat­
'tanooga; the counties of Jackson, De Kalb, Etowah, and Cherokee, in 
Alabama; au.d Dade, \Valker, Chattooga, Floyd, and Polk, in Georgia, 
comprising·an area of 3,000 sqnare miles. The party was disbanded at 
Chattanooga, Tennessee, on November 24. 

Base stations for the barometric work were established at l{omney, 
West Virginia; Louisa, Kentucky; Wytheville, Virginia, and Charles­
ton, North Carolina. 

Through the co.operation of the United States 8ignal Service, the ob­
servations at their stations at Knpxdlle and Chattanooga were made 
available for our purposes, and .proved of great assistance. 
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The triangulation this year, as heretofore, has been based directly 
upon the Appalachian and transcontinental belts of the United States 
Coast and Geodetic Survey. The triangulation of the parties of Messrs. 
Gannett, Griswold, and Shumway covers within figures an area of 8,900 
square miles. The average error of closure, after correcting for spher­
ical excess, was 15" or 5" to each angle. 

The total area surveyed and mapped by this division during the sea­
son was 17,640 square miles. While this area does not compare favor­
ably in square miles with those of other divisions, it should Le re­
membered not only that the scale is larger than is employed in other 
fields, but also that the country is perhaps the most difficult for the sur­
veyor to be found upon the continent. The practical difficulties of the 
work in this region not only call forth an of a man's best qualities, but 
to make even a fair rate of progress requires most unwearied energy 
and activity. The total cost of field and office work averages about $3 

· a square mile. 
The work has been done with a view to publication upon a scale of 

1 : 125000, or about 2 miies to an inch, in contours 100 feet apart. The 
total area surveyed in this fiehl, since the inception of work there, is 
35,380 square miles. This is distributed as follows among the States 
lying in this region : 

Square miles. 
Alabama .. ____ --· ••. ___ ••. ___ .--· 2, 080 

Georgia ----· .: •••• .• : ••• ·--- ---- 1, 370 
Kentucky·----------···---------- 1,420 
Maryland _____ .... _ .. ______ ... --· 1,150 

Square miles. 
North Carolina _. _ •••• _ .•• ___ . __ . _ 5, 930 
Tennessee ___ ._. __ .---. __ . ___ .. :_- 8, 070 

Virginia_··---·------·----··----- 7,360 
West Virginia ....•..... ------ .... 8,000 

During the winter the work of the preceding field season has been 
plotted i1p, and, in addition, the greater part of the work heretofore 
done has been replotted and redrawn in contours with vertical intervals 
of 100 feet. This has entailed for this division double duty in the office. 

On the 1st of May of the current year Mr. S. S. Gannett, topogra­
pher, was sent into the field for the purpose of completing the triangu­
lation in the lower part of the v;:tlley of Tennessee and making connec­
tion with the points established by the United States Coast and 
Geodetic Survey in northern Georgia and Alabama. This portion of 
his work is now complete. 

Early in June Messrs. Griswold and Fletcher left for the field for the 
purpose of closing up gaps in the triangulation in, northern West Vir­
ginia, a work upon which they are at present engaged. 

SOUTHWESTERN DIVISION. 

The increased allotment for geographic work rendered it possible to 
commence work in Kansas, Missouri, and Texas. Tbe work in these 
areas as well as that in the plateau region was placed in immediate 
charge of Prof. A. H. Thompson, geographer. 
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Missouri-Kansas section.-In those States and Territories which have 
been surveyed by the public land system it seemed possible to expe­
dite the work very greatly, without sacrificing its accuracy in the least, 
by a proper use of the plats of' the General Land Office. An examina~ 
tion of them showed that they furnished at least the major part of the 
drainage in sufficient detail for maps upon a scale of 1:125000. It ap­
peared that by supplying a proper system of correction for tlwse sur­
veys, by supplying the missing drainage wherever it appeared to be 
necessary, and by adding_ the vertical element the resulting niaps would 
be fully up to .the proposed scale in point of accuracy and detail. This 
conclusion was not arrived at hastily, but was reached afte'r testing the 
surveys made in the various parts of the country with considerable care. 

In accordance with this conclusion, Mr. R. U. Goode was appointed and 
directed to take charge, under Professor Thompson, of the topographic 
work to be done in Missouri and Kansas. For carrying on the work in 
this region two parties were organized, of one of which Mr. Goode took 
immediate charge, the other being under Mr. W. J. Peters, assistant 
topographer. 

For the control and correction of the surveys of the General Land 
Office it was decided' tentatively to use astronomic locat.ions, and for 
the purpose of making these determinations Prof. R. S. Wood ward, for­
merly assistant on the United States Lake Survey, was appointed and 
detailed.· During the season he made five determinations of position, 
viz, Elk Falls, Oswego, and Fort Scott, Kansas; Springfield and Boli­
var, Missouri, using the Saint Louis observatory as the base station for 
longitude determinations. 

The following are the positions determined: 

0 II 

Elk Falls, Kansas ...................................... 37 22 03.64 
Oswego, '' ........................................................ _ ............... 37 09 59.81 
Fort Scott, " ...................................... 37 50 25.76 
Springfield, Missouri ................................... 37 13 ,15.96 
Bolivar, " ......................................... ~ ............ 37 36 35.22 

c , ,, 

96 11 09.37 
95 06 19.95 
94 42 21.06 
93 17 12.37 
93 24 42.60 

The· stations selected were near the limits of the area to be surveyed 
and at the same time as near as possible to correction lines and guide 
meridians of the land surveys. These stations were connected by 
triangulation with township corners. 

The topographic work, which consisted almost entirely of hypsome­
try, went on with great rapidity. Mr. Goode surveyed the two square 
degrees 930...,..37°, and 940-37o, comprising an area little less than 8,000 
square miles, and Mr. Peters the entire square degree 950-37o and 
nearly half of 96°-37°, being an area of 51600 square· miles. The cost 
of this work in both the field and the office was less than $1 per square 
mile. In fitting the township surveys to the astronomic positions it 
was found that the errors of the former were Yery slight, so small in-
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deed that the system of contr<;>l was found to be ample for the pur­
pose. 

During the month of November these parties were disbanded and 
returned to Washington. During the winter and spring Professor Wood­
ward has been employed in reducing his astronomic work and Messrs. 
Goode and Peters in plotting their maps. 

Early in June Professor Woodward was detailed for the purpose of 
making an astronomic determination of the position of Albuquerque, 
New Mexico, upon which he is at present engaged. 

Texas section.-The projected work in Texas was put in immediate 
charge, under Prof. A. H. Thompson, ofMr.E.M. Douglas, topographer. 
Three parties were organized : one for triangulation, under Mr. Douglas's 
immediate charge, the other two for topographic work, respectively under 
Messrs. A. F. Dunnington and C. H. Fitch, topographers. Work was 
commenced near Austin in the latter part of July; a location for a base. 
was selected and it was at first roughly measured with a steel tape and 
an expansion made for the immediate purpose of furnishing the plane 
tablers with located points. Thus supplied with locations, the topo" 
graphic parties worked during t.he season, covering an aggregate area 
of about 4,000 square miles. In the mean time Mr. Douglas expanded 
the base carefully and covered the surveyed area with a system of trian­
gulation. At the close of the field season, after the parties had dis­
banded, the base was accurately measured with four-meter bars. 

The apparatus use(l in· this work is the ordinary secondary slide· 
contact base apparatus, as designed by the United States Coast and 
Geodetic Survey and described in their reports. 

The place selected for the measurement of the base line is in the valley 
of the Colorado River of the South, southeast of Austin. Commencing 
at a point on the west bank of Onion Creek, about a mile nortli of where 
the Austin and Bastrop road crosses and about !) miles from Austin, the 
line rmis nearly due west to the west base station, a distance of 9,884.85 
meters ( =6.2 miles). 

The base line was extended eastward by triangulation 422.2 meters, to 
the top of a hill on the south bav,k of Onion Oreek. The ends of the 
base are marked on copper bolts set in stones in the ground. Besides 
these there are four reference stones, two in the line of the base and 
two nearly at right angles to it. 
- The whole line was measured once, and the middle third of it a sec­

ond time. The two measurements of the middle third; afte!' having 
been corrected for slope and temperature of the measuring bars, differed 
only 0.021 meter, about 0".8. The length of the whole line, including. 
the extension at the Past end, was then calculated from this twice­
measured line by means of a system of triangulation, the resulting 
length being 0.174 meter (about 25".8) iess tbau the measured length. 
It was assumed that the errors of the triangulation were ten times as 
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great as those of measurement. Hence, combining the results in these 
proportions, the weighted length of the base line is 10,307.201 meters. 

The measuring bars were compared with the standard bar in the Coast 
and Geodetic Survey Office in January, 1884, and again 1n April, 1885, 
the mean difference in the lengths of the bars as determined by these 
comparisons amounting to .000018 meter. _ 

The men engaged in the work were as follows: One chief of party, 
one recordm::, one-transit-man, one· scale reader, and three laborers. 
The average distance measured per hour was 132 meters (about 433 feet). 

Mr. Douglas occupied during the season in the expansion and exten-
, sion of his triangulation twenty-five stations, most of which are repre­

sented upon the accompanying diagram (Plate VIII). The triangle 
sides, with the exception of the expansion, range in length from 11 to 
38 miles, the average length of a side being .about 25 miles. The av­
erage error of closure of all the completed triangles, after allowing 
for spherical excess, is 8".5. 

The topographic work was done with the plane table, supplemented 
by traverses along the roads in the level and timbered regions. 

Work was continued in this field until the early part of January; 
and, after the topographic parties were disbanded,-Mr. Douglas found 
it necessary to remain until the middle of the following month for the 
purpose of completing the triangulation. 

Arizona section.-The projected work in the plateau region compre­
hended the filling out and completion of a number of atlas sheets which 
had been in an unfinished state.: the western half of atlas sheet 1090-
37o, all that part of noo-37c:i and 111?-360 lying east of the Colorado 
River, the Routhern half of 113o........:35o, the southern and western three­
fourths of 114°-350, and the western half of 1140-36° being the areas 
to be surveyed. In addition to this, the triangulation over the area 

_ surveyed during the previous season was in an uncompleted state and 
required revision, while a considerable extension of it was_ demanded 
to control these additional areas. 

The duty of revising and extending this triangulation was. intrusted 
to Mr. Arthur P. Davis, topographer, with Mr. James A!. Maher, assist­
ant topographer, as assistant, and was performed in a very satisfactory 
manner. In the prosecution of the work he occupied twenty-nine sta­
tions, distributed over the country from the La Sal Mountains on the 
north and Navajo Mountain on the west to the 35th parallel on the 
south and· the 109th meridian on the east. The area covered within 
figures was approximately 29,000 square miles. The greatest length 
of line observed each way ~as 137 miles (Mount Waas to Navajo Mount­
ain), while the average length of triangle sides was 54 miles. The 
mean error of closure- of-triangles, after correcting for spherical excess, 
was 9".55. Full connection was established between the work of the 
Hayden and the Powell Surveys. 
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The topographic work north of the thirty-seventh parallel was done 
by Mr. Paul Holman, assistant topographer, with Mr. H. L. Baldwin as 
assistant, and the survey of the eastern portion of sheet 111 o-360 was 
effected mainly by Mr. Baldwin. 

To the party under Mr. H. M. Wilson, topographer, was assigned the 
. triangmation and survey of the unfinished portions of sheets 1130-350; 
1140-35o, and 1140-36°. As a base for the triangulation, he assumed 
the line Brink-Emma, the length of which had been determined by the 
Powell Survey, and carried the work thence southward and westward .. 
For the primary control of the work Mr. Wilson occupied ten stations. 
The relief of the country was such that very long lines could be easily 
observed, and the average length of the sides of his triangles was 70 
miles. The average error of closure of the triangles in this work was 
about 27", a large error, even when it is remembered that natural points 
were in all cases sighted. 

Prior to commencing this- general work Mr. Wilson made a detailed 
map of an area of 750 square miles, including and surrounding the San 
Francisco peaks in Arizona, upon a scale of 1 mile to an inch, in con­
tours 100 feet apart vertically. 

The total area surveyed by this section was 15,000 square miles, of 
which 5,000 are to be credited to Messrs. Holman and Bald win, 3,000 
to Mr. Baldwin alone, and 7,000 to Mr. Wilson, exclusive of tile S~tn Fran­
cisco map. This work has been done, as heretofore, witb a view to pub· 
lication upon a scale of 1: 250,000, in contours 250 feet apart vertically. 

The parties. were late in disbanding. Mr. Baldwin's parl.y was broken 
up in the middle of December, while Mr. Wilson's party reached Kai!~~'­
Utah, having completed their work, on De~emher 7, after which he was 
obliged to travel overland, through .the snow, to Fort ·wingate, New 
MPxico, where be disbanded, the journey occupying twenty-two clays. 
Mr. Davis' party remained in the field for the purpose of com pll3ting their 
triangulation until early in March, having been delayed \'ery greatly 
by heavy snows after the opening of winter. 

YELLOWSTONE DIVISION. 

This work has been in charge of Mr. Jobn H. Renshawe, geographer, 
to whom were assigned as assistants Messrs. S. A. Aplin and Frank 
Tweedy, assistant topographers, and Ensigns H. S. Chase and Leroy 
M. Garrett, U.S. Navy. During the month of May Ensign Chase, with 
Ensign Garrett as assistant, had been sent into the field for the purpose 
of extending the triangulation and establishing a stronger connection 
between the expansion at Bozeman and the stations within the Park. 
This work he successfully accomplished prior to the arrival of the main 
body of the party. · 

Cn July 16, Mr. Renshawe, with Messrs. Aplin and Tweedy and a 
number of field assistants, left Washington for the resumption of field 
work. After outfitting at Bozeman, Montana, "they drove to Mammoth 
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Hot Springs, the point for resumi::1g work, arriving on the last day of the 
month. It was the intention during the season to complete that part of 
the Park lying west of the Yellowstone River and Lake, but, unfortu­
nately, on the 21st of August, less than three weeks after commencing 
work, Mr. Renshawe was taken seriously ill with typho-malarial fever, 
and was taken back to the Mammoth Hot Springs, where .be remained 
until the close of the season. Meantime his party was in charge of En­
sign Chase, who carried on the work. The work, however, necessarily 
suffered for the want of Mr. Renshawe's immediate supervision and his 
personal aid. The completed area, however, was extended eastward 
to the Yellowstone River as far as its head, and around Yellowstone Lake 
as far as Flat Mountain. Thence the line of completed work runs in a 
general westerly and northwesterly course, embracing, the Red Moun­
tains and the greater part of the shore of Shoshone Lake. 'l'he area sur­
veyed during this season comprises about 1,000 square miles. 

During September snow-storms began to he prevalent in the Park, 
and early in October the party g:we up work, 11isbanded, and returned 
to Washiugtou. During the winter the triangulation was reduced and 
the field work plotted up, and during th~ spring the members of this 
division were engaged in compiling .and ~·evising the sheets of the Hay­
den survey in Coiorado preparatory to having them engraved. 

CALIFORNIA DIVH:UON. 

Mr. Gilbert Thompson, geographer, having been detailed to the 
charge of the Appalachian Division, the work in northern California was 
placed in immedia.te charge of Mr. Mark B. Kerr, topographer, with 
the understanding that Mr. Thompson was to continue to exercise gen­
eral supervision. Messrs. Eugene Ricksecker and Jeremiah Ahern, 
assistant topographers, were detailed as assistants .in this work. Two 
parties were organized, one under Mr. Kerr, which was to carry-on 

-general work designed for publicat.ion, upon a scale of 1:~50000, in con­
tours 200 feet apart, and the other, nuder Mr. Ricksecker, to make 
a map of Mount Shasta and its immediate surroundings, upon a·suffi­
ciently large scale to be published upon a scale of 1:62500. Mr. Kerr 
left for the field in the latter part of June, the outfitting point being, 
as heretofore, Red Blufi', California. Mr. Ricksecker arrived at this 
place on July 16, and one week later started for his field of work at 
Mount Shasta. During the season he surveyed an area, em bracing the 
mountain, of about 400 square miles. The ~ork was done with the 
plane taule, upon a seale of 1:~0000, and. contours were drawn at verti­
cal intervals of 100 feet. · 

I regret to record the death of Mr. Ricksecker's assistant, Mr. Howard · 
N.-Pomeroy, assistant top_ogmp~who was killed by theaccidental fi 
discharge of his rifle on .August 25th while engaged upon his work. It , 
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appears that Mr. Pomeroy was alone, and was at the moment leading 
his mule down a steep bank, through ·chaparral, with his loaded·gun 
upon the pommel of the saddle; that the hammer was caught and then 
fell, discharging the gun. The ball entered his left leg above the knee 
and severed the femoral artery, causing him to bleed to death. Mr. 
Pomeroy was a resident o( San Francisco, and entered the service 
through a civil service examination. He was a very promising assist­
ant. His death at any time would have been a misfortune to the serv­
ice, and coming as it did in the middle of a field season, it was a most 
serious loss to the work upon which be was engaged. 

Mr. Kerr's party left H.ed Bluff immediately after Mr. Ricksecker's, 
and prosecuted field work continuously until the close of the season. 
As is usual in the Cascade and Coast Ranges, there was much smoky 
and hazy weather, especially in the latter part of the summer and in 
the fall, which con~iderably delayed the work and especially had a bad 
effect upon the triangulation. In spite of this, however, Mr. Kerr was 
moderately successful, covering an area of 3,350 square miles. Besides 
this, two stations were occupied for the primary triangulation. 

This area is comprised mainly in the broken mountainous country lying 
west and southwest of Mount Shasta. 

The parties disbanded early in November, and were at once ordered 
to make surveys of certain quicksilver districts in California and Nevada. 
These are as follows: The district known as Steam boat Springs, in west­
ern Nevada, of which a map covering an area 4 miles by 3, on a field 
scale of 800 feet to an inch, was desired; second, the Oat Hill district, 
California, comprising ali area of 1 mile by l:h also upon a field scale of 
800 feet to an inch ; third, the Great Western district, comprising a 
similar area upon the same scale. 

'l'he first of these maps was made mainly by Mr. Ricksecker, with some 
assistance from Mr. Kerr, while the Oat Hill map was made by Mr. Kerr 
and the Great Western map by Mr. Aliern. The work was done with 
the plane tabl~. The parties completed field work and reported in 
Washington shortly before the clqse of the calendar year. 

DISTRIC1' OF COLUMBIA • 

. Early in May of the pt·esent year it was decided to resume work in 
the neighborhood of the District of Columbia, with a view to completion, 
upon a scale of 1:62500, of the two atlas sheets lying between latitU<les 
38° 45' and 390 and longitudes 760 45' and 770 15'. This work was 
placed in charge of Mr. John D. Hoffman, topographer (under the gen­
eral direction of Mr. Gilbert Thompson), and to him were detailed 
Messrs. D. J. Howell, Jeremiah Ahern, S. J. Wilson, and several rod­
men. )Vork was commenced in the southwestern part of the area and 
is being prosecuted rapidly. · 
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DRAUGHTING DIVISION. 

The draughting di>ision has been occupied during the year with a 
great variety of work. Owing to the fact that the plotting of the field 
work and the completion of the original map are done by the topogra· 
phers themselves, the draughtsmen have little to do with the original 
work. Their duties have related mainly to the preparation of map 
illustrations, in larg(? part for the geological divisions. In addition to 
this, considerable progress have been made in the compilation of a map, 
upon a scale of 1:1000000, of the United States; transcripts of the orig­
inal sheets of the Massachusetts survey have been made for deposit with 

,the State of Massachusetts, and much work has been done in the way 
of revision of the map sheets of the Hayden Survey, with a view to re­
engraving them upon copper. 

INSTRUMENTS. 

The matter of the supply, and especially of the repair, of instruments 
bas been from the inception of topographic work a somewhat embar­
rassing one, and the necessity of having a mechanician connected with 
the Survey has long been apparent. Finally, upon the 1st of March of 
the present year, Mr. Edward ·Kiibel, a well known instrument maker, 
who, from long association· with this organization and its predecessors, 
was well acquainted with the instruments and methods in use, was ap- . 
pointed mechanician. His time, since his appointment, has been fully 
taken np with repairs of instruments required for use in the field dur­
ing the present season. 

ENGRAVING. 

Plans having been matured by the Public Printer for the engraving 
of the topographic maps of the survey, contracts have been made by 
him with Messrs. Bien & Co., of New York, for the engraving of 100 
atlas sheets upon copper. Of these, seventeen have been transmitted 
to Messrs. Bien & Co., and the engraving is now in progress, while the 
manuscript maps for the rest are now completed and are ready for trans­
mission. 

It is believed that, with the present appropriation for topographic 
work, areas comprising one hundred sheets can be surveyed each year, 
and the maps prepared for the engraver. 

Very respectfully, 

Hon. J. W. PoWELL, 

HENRY GANNETT, 
Chief Geographer. 

Director Unitecl States Geological Survey, Washington, D. 0. 
£ GEOL--2 

\ 
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REPORT OF PROF. RAPHAEL PUMPELLY. 

UNITED STATES GEOLOGICAL SURVEY, 
ARCH..:EAN DIVISION, 

Washington, D. 0., July 1, 1885. 
SIR: I have the honor to submit the following report of my division 

during the past year. 
The division was organized during the summ~r of 1884 by the ap· 

pointment of myself in July and of my assistant, Mr. Bayard T. Putnam, 
in the autumn. 

I have devoted the year to work in two directions: 
1. I was engaged in completing the volume on mining industries in-. 

trusted to me jointly by the Geological Survey and the Census Bureau. 
A large part of the manuscript for this volume had been finished for 
two years or more, but the loss of some of the manuscript and illustra­
tions rendered a revision and partial rearrangement necessary. This 
work has occupied almost exclusively the attention of my small offiee 
force through the winter and spring. Much valuable new matter bas 
been added, and I hope soon to have the whole manuscript in the hands 
of the printer. The volume will contain, besides the statistics of the 
mines of coal, iron-ore, copper, lead, zinc, and the lesser minerals, the 
results of special field and chemical investigations into the iron-ore 
resources of the Republic and into the Cretaceous coals of the North-
west. 

2. A beginning was made in the geologicai work of my division last 
summer and autumn by reconnaissances in the field in the Monadnock 
and Kearsarge districts. 

During the coming season there will be four parties, besides some 
volunteer assistants on preliminary work. It is proposed to devote the 
greater part of our time to the study of the structural relation of the 
Taconic group to the rocks lying to the east and west. 

In addition to the field work, I hope to have the preliminary work 
under way preparatory to surveying the areal geology of the sheets 
already finished of the Massachusetts map. 

I have the honor to be, your most obedient servant, 
RAPHAEL PUMPELLY. 

Hon. J. W. POWELL, 
Director United States Geological Survey, Washington, D. 0. 

REPORT OF PROF. N. S. SHALER. 

UNITED S'I'A'.rES GEOLOGICAL SURVEY, 
~\_'l'LANTIC COAST DIVISION, 

Cambridge, Mass., june 30, 1885. 
SIR : I have the honor to submit the following report concerning the 

geological investigations committed to my charge during the last fiscal 
year. 
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On the receipt of my appointment and instructions I at once began 
work on the geology of the Atlantic coast line. During the summer 
months my time was given to the study of the geology of the region 
near Eastport, Maine. The most important results of this inquiry have 
already been submitted in the form of a preliminary report on the geology 
of the Cobscook district. This region was found to afford an entirely 
unexplored geological field full of facts of great scientific interest .. Sev­
eral paleozoic horizons abounding in fossils, a remarkable series of vol­
canic and trappean rocks, together with many singular structural feat­
ures of the deposits, have been noted in the report above referred to. 

Work in tile Cobscook Bay district was not extended beyond the stage 
of a preliminary reconnaissance for the reason that there is as yet no 
trustworth~r map of tile district on which the geology can be delineated, 
even in the most general way. The extreme complication of the shore 
line and the remarkably detailed character of the important geological 
features made it impossible to prepare a sketch map whicil could be 
made to serve the needs of a preliminary delineation. 

After closing this preliminary work in the Cobscook Bay district I 
began the study of the district adjacent to Narragansett Bay. For 
many years I have been engaged in occasional studies in this interest­
ing field, but I have never before seen the opportunity of bringing my 
inquiries to a successful issue. The economic importance of this field 
lies in the fact that it contains a large and essentially unexplored coal 
basin, which may have a great value to the future of New England in­
dustries. What I have already done has shown me that this basin con­
tains several emil-beds of workable thickness which underlie a large 
area. The coal is exceedingly anth.racitic, but careful experiments show 
that it has a heat-giving power which is about equal to SO per cent. of 

. the calorific value of the best Pennsylvania anthracites. These coal­
beds lie in strata which are very much dislocated, and in parts of 
the basin they are rendered useless by the crumpling and cracking 
which have accompanied the folding to which they have been subjected; 
still, there are large areas where the beds appear to lie in attitudes 
which will net make the mining difficult. Analyses and experiments 
appear to show that the Narragansett coal-field bas peculiar advantages 
for use in making water· gas and iu smelting iron and copper. It is 
singularly compact, its specific gravity being about 25 per cent. greater 
than that of the Pennsylvania anthracites; it therefore will not fill up 
a furnace to the same extent as the other coals of the same nature, and 
it remains a long time in combustion. The percentage of sulphur is 
low, and the proportion of ash is not greater than that of several coals 
which are extensively used in this country. 

It is interesting to note that this is the only coal-field on the Atlan­
tic coast of the United States which is actually on tide water. In the 
same basin there are extensive deposits of iron ore which may prove to 
be valuab.J.e, and in immediate connection with these there are excellent 

;,!-
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and cheaply quarried beds of limestone ; there are also fire-clays, which 
are as yet but little explored. 

These natural resources of the Narragansett Bay were long ago the 
subject of many commercial misadventures which have led to their 
neglect in later times. In large part these failures were the result 
of serious blunders such as are quite evitable at the present time. It 
seems to me that the problems connected with this coal and iron field 
demand a far more careful geological study than they have ever re­
ceived and that from such study may come results of great economic 
importance. 

The study of this basin is made exceedingly difficult by the fact that 
nearly the whole of its area is covered by a very thick coating of rear­
ranged glacial drift, which often makes it impossible to get any knowl­
edge of the geology of the bedrocks ; at several points where it is of 
great importance to have a knowledge of the underlying strata there 
are absolutely no exposures of them. 

In the course of my explorations in this field I have been so fortu­
nate as to obtain a series of diamond-drill borings, in hirge part made 
under my own direction, which give in the aggregate about 4,000 feet 
of clear and continuous. section in very important parts of the district. 
These sections show that it will he easy, and in view of the importance 
of the problem inexpensive, to secure in this way a sufficient acquaint­
ance with these ()arboniferous strata to determine the value of the coals 
which they contain. Although this particular task lies beyond the 
province of the Geological Survey, it is to be hoped that the preliminary 
report of this field will lead the local authorities of the distri~t to un­
dertake these explorations by means of the drill, and thus lay the basis 
for the final determination of these economic problems. 

The Carboniferous rocks of this basin which probably contain coal­
beds cover an area of about 800 square miles. The total thickness of 
the section which is presumably coal-bearing exceeds 5,000 feet. It is 
not likely that, from t_he incomplete exploration which has been made,· 
we as yet know one-fourth of the coal-beds of a workable nature. 

I hope to have the preliminary report on this basin in a state for pub­
lication at the close of the next official year, although it may be deiayed 
by the incompleteness of the topographic work in this district ; so much 
of the topography of this coal basin as lies within the State of Massa­
chusetts will be ready for use by the next winter or spring, but a por­
tion of the basin which lies in the State of Rhode Island, and is not 
included in the Coast Survey maps, will then be wanting. It seems to 
me very clesirable that the topographic work of the Geological Survey 
should as speedily as possible be extended over this district, for 
until it is done even a good preliminary report on this Carboniferous 
basin cannot be completed. 

During the winter season some studies have been made on the marshes 
of New England; the results of these studies have been giv~n in a pre-
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.liminary report for immediate publication. The sea-board and inland . 
marshes of the United States constitute a considerable portion of its 
area. A large portion of these swamp lands are of a nature which ad­
mits of improvement for agricultural purposes. · Much of the area of 
extremely fertile lands of northern Europe, especially in Great Britain 
and the low countries near the month of the Rhine, was originally in 
the unprofitable condition in which the American swamps remain. 

The total reclaimable area of salt-water swamps of New England 
probably exceeds 300,000 acres, and the area of such lands on the whole 
coast of the United States, excluding .Alaska, is perhaps twenty times 
as great. The unimproved but improvable fresh-water marshes of the 
United States-such lands as have yielded the finest tillage grounds of 
northern Europe-amount in area to many thousand square miles. On 
a rough computation, from the extremely imperfect topographical maps 
which now exist, it appears likely.that the reclaimable swamps of the 
United States east of the one hundredth meridian, including in this class 
all inundated lands such as in northeastern Europe would ere this have 
been won to. agriculture, exceed 20,000 square miles and may amount to 
nearly twice that area. These swamp lands, when won to agriculture, 
will have a food giving value much exceeding any equal area of high­
lying lands in this country. With few exceptions, such districts have 
all the element,s of extremely fertile soils in their composition, and need 
little more than proper drainage to bring them to a condition of great 
productiveness. 

It is evident that the8e swamp lands contain dormant resources of a 
great state; it seems fit that their area and condition should be the sub­
ject of a careful inquiry, so that the facts may be presented not only 
from their purely scientific side, in itself a matter of great interest, but 
also that their physical and chemical condition may be so set forth that 
the economist may have t.he data necessary for his special work. 

During the spring months of this year my work bas been mainly 
upon the area of .Martha's Vineyard, this being the most considerable 
geological unit of the New England district which bas been accurately 
mapped. 

The studies on Martha's Vineyard, though as yet incomplete, have 
afforded some very interesting results. The Tertiary strata at the west 
end of the island have a thickness of not less than 3,000 feet. They 
have been affected by considerable mountain building actions, the aver­
age dislocation from their original attitudes being as much as 20 de­
grees of inclination. It appears also that these Tertiary strata were in 
part formed from the waste of a district which contained an extensive 
field of new red sandstone and perhaps deposits belonging to later geo­
logical periods. This is shown by the abundant pebbles of rocks closely 
resembling the Connecticut sandstones contained in the beds; many of 
these pebbles exhibit recognizable plant fossils. 

Besides the very interesting scientific questions connected with these 
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deposits they afford some important economic problems which deserve 
attention. These Tertiary strata contain a great variety of fire-clays 
suitable tor pottery use. It seems possible that there may be some use­
ful marls to be found among the great variety of deposits which occur 
here. None of these beds have as yet been tested, either in the labora­
tory or in a practical way. The considerable quantity of vertebrate 
remains which are found in certain thick beds of this series makes it 
well worth while to see whether they may not aflord a source of phos­
phatic manures. 

Uertain of the beds of this section, those containing a large amount of 
vegetable matter, arc remarkably rich in alum. These clays were many 
years ago used in the production of commercial alum, but it was found 
that there was too much iron in the beds used to make the results 
satisfactory. It seems quite possible, however, that this objection only 
applies to certain beds which are exposed in the cliffs at Gay Head. 
There are many other parts of this section rich in alum which have not 
yet been examined. 

'l'his interesting section of the Ga,y Head and Chilmark beds is the 
only part of the Tertiary deposits of the eastern United States where a 
very thick section is exposed within a limited field, for the reason that 
it is here alone that these beds have been tilted at a considerable angle 
to the horizon. This makes it possible to obtain ·a more complete ac­
count of the geological structure and economic resources of the forma­
tion than can be had in anJ other portion of the Atlantic Tertiary de­
posits. Therefore it seems to me desirable that this section should 
receive very careful attention. 

Very respectfully, your obedient servant, 

Ron. J. W. PowELL, 

N. S. SHALER, 
Assistant United States Geological Survey. 

Director of the United States Geological S1trvey, Washington, D. 0. 

REPORT OF MR. G. K. GILBERT. 

UNITED STATES GEOLOGICAL SURVEY, 

APPALACHIAN DIVISION, 

Washington, D. 0., July 1, 1885. 
SIR: I have the honor to submit the following report of work under 

my charge during the fiscal year ending June 30, 1885. This pertains 
to t,wo fields, in the first of which investigation has been terminated, 
while in the second a new work is being organized. 

DIVISION OF THE GREA'I.' BASIN. 

Ever since the institution of the Survey, a corps has been engaged 
in studying the Quaternary history of the Great Basin. The last field 
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work was performed in 1883, and the only function of the corps during 
the past year bas been the preparation of final reports on its work. 

An essay by myself on the topographic features of lake shores was 
·submitted a :rear ago for publication in the fifth annual report, but was 
not immediately printed ; and the delay in publication was utilized in 
supplementing its meager series of illustrations. F()r this purpose, Mr. 
I. C. Russell visiied the shores of Lake Michigan and Lake Superior 
with the camera, photographing several topographic types described 
in the text, and from these photographs wood engravings were made. 

A final report on the geology of Lake Lahontan by Mr. Russell bas 
been submitted for publication as a monograph and is now in press. 
An outline of its contents appeared in the Third Annual Report, but the 
final memoir gives a fuller development to several topics, and espe­
cially to the chemical history of the lake and to the subject of playa de­
posits. 

Another report by Mr. Russell, having for its subject the Quater­
nary geology of the Mono Basin, is now nearly ready. It gives an ac­
count of the ancient expansion of Mono Lake, of the Quarternary gla­
cial system of an adjacent portion of the Sierra Nevada, and of the 
structure and history of the chain of volcanoes known as the Mono 
Craters. 

Mr. R Ellsworth Call's paper, on the existing and Quaternary 
mollusca of the Great Basin, which was ready for publication at the 
beginning of the fiscal year, has since appeared as Bulletin No. 11. It 
giws a systematic list of the shells heretofore discovered, describes a 
new species and two varieties, and discusses the cause of the depau­
peration of the Quaternary shells. 

Prof. Edward S. Dana has likewise completed his investigation of the 
calcareous pseudomorph called thinolite, which bas attracted so much 
attt>ntion on account of its relation to the chemical history of Lake 
Lahontan, and his report has been published as Bulletin No. 12. 

A report .on Lake Bonneville by myself will complete the series; 
besides describing and interpreting the phenomena which record the 
lake's history, it will discuss at length the relation of that history to the 
glacial t>poch. . ' 

The maps necessary for the illustration of the Lahontan and Mono ) , 
areas have been drawn by Mr. Willard D. Johnson, who had previously I 
performed the field work. As the present organization of the survey 
relieves me of the supervision of topographic work, Mr. Johnson's con­
nection with my corps ceases with the completion of these maps. Ire-
luctantly yield him to the geographic division. I 

A.PPALA.ClllAN DIVISION OF GEOLOGY. 

The new field of investigation assigned me is the general geology fi. 
the Appalachian Mountains, a work differing from my last not only iJ 
its character but in the fact that it already possesses a copious liter~ 
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ture. It is proposed to utilize this literature to the fullest extent and. 
execute no unnecessary field work. The amount of necessary field work 
is nevertheless large, and much attention has therefore been given to 
the elaboration of a comprehensive plan under which the geologists of 
the corps may work to the greatest advantage. 

Previous to the creation of this division a number of assistants bad 
been engaged in independent work falling within its topical and geo­
graphic limits, and these have by your direction reported to me for 
duty. Mr. Ira Sayles was attached to ~y corps in July, 1884, Mr. 
H. R. Geiger and Prof. I. C. White in .August. Mr. Bailey Willis, who 
had been occupied with special investigations in Dakota, was assigned 
to the division in .April, 1885, and Mr. I. C. Russell, who bas continued 
as my assistant, began work in the eastern field in the same month. 

Three short excursions have been made by myself. The first was a 
reconnaissance in the mountainous portion of western North Carolina, 
Tennessee, and Georgia, with special reference to the terrace system of 
the mountain valleys. I was absent from Washington from July 25 to 
.August 17;1884. .A similar reconnaissance in New Hampshire, Massa­
chusetts, ami eastern New York consumed three weeks in .August and 
September. The last week of May and the first week of June in this 
year were spent in eastern New Jersey and western New York, in the 
examination of evidences of post-glacial movements of the earth's crust. 

Mr. Russell left Washington April 16, procured camping equipage 
at Knoxville, Tennessee, and crossed the mountains to southern North 
Carolina, where he spent a month in the study of the Triassic area in 
.Anson, Montgomery, and Richmond Counties. He was then called to 
Washington to read the proof of his memoir now in press, in which work 
he is still engaged. 

Mr. Willis took the field three weeks later, and likewise procured a 
camp outfit at Knoxville. His district is a belt of country 20 miles 
broad, and extending from the Cumberland plateau, north of Cumberland 
Gap, southeastward to the high mountains of North Carolina. In this 
district he studies the structural geology, the stratigraphy, and the 
textural changes due to metamorphism. He is still in the field. 

Mr. Geiger continued in the field throughout the summer and autumn 
of last year and returned to Washington on the 30th of November, his 
district including the White Sulphur Springs of Virginia and having 
an extent of 20 miles in an eal'!t and west direction and 50 miles in a 
north and south direction. He was occupied with the investigation of 
the orographic structure and the stratigraphy, and he made valuable 
collections of fossils. The winter and a portion of the spring were con­
sumed in the elaboration of his field notes and in other office work On 
the 16th of May he took the field for a similar study in a new district, 
and he has been engaged np to the present time in an examination of 
the structure of the Blue Ridge from Staunton, Virginia, to Harper's 
Ferry, West Virginia. Mr. E. H . .Andrews accompanies him as assistant. 
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From July 15 to December 26, 1884, Mr. Sayles studied the stratig. 
raphy and structure of. an area lying between the Holston and Noli­
chucky rivers, in East Tennessee. Near the end of April, 1885, he 
resumed work in a contiguous district, and he is still in the field. The 
interval was occupied with office duties, chiefly the elaboration of his 
notes and the preparation of his collections for instaUation in the Na­
tional Museum. 

Professor White, of the University of West Virginia, devoted his 
summer vacation in 1884 to. the investigation of the stratigraphy of the 
coal measures in the valley of the Great Kanawha River in West Vir­
ginia. His field notes were afterward elaborated in such time as could 
be spared from his college duties, and he has submitted a report of his 
work. This will not be published at once, but is to be incorporated 
in a memoir on the stratigraphy of a larger area. On the 18th of June 
last he took the field again, and he is now engaged in the study of the 
Carboniferous strata of Pennsylvania along the Allegheny, Clarion, and 
Conemaugh rivers. 

I remain, with great respect, your obedient servant, 

Hon. J. W. PowELL, 

G. K. GILBERT, 
Geologist. 

Director United States Geological Survey, Washington, D. 0. 

REPORT OF MR. W J M'GEE. 

UNITED STATES GEOLOGICAL SURVEY, 

Washington, D. 0., June 30, 1885. 
SIR: I have the honor to submit the following report of operations 

during the fiscal year terminating to-day. 
The work of the year in office and field has been the extension and 

continuation of that undertaken during 1883-'84 and reported upon a 
year ago, together with (1) office work on lines related to those already 
in hand, (2) field investigations essential to the satisfactory execution 
of one of the office tasks assigned me, (3) field work in the region con­
tiguous to, and geologically connected with, that previously allotted to 
me, and (4) a review of certain field operations of previous years. 

OFFICE WORK. 

The general map.-The geologic map of the United States described 
in a previous report has been lithographed, and in its first edition forms 
Plate II of the Fifth Annual Report of the Survey. This map is a per­
haps ultra expression of the conviction of the author that the scale.com­
monly adopted for maps printed in colors is too large, and that geologic 

.. 
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maps and atlases are in consequence unnecessarily cumbrous a,nd ex­
pensive. Accordingly the cartography is so fine that the lithographer, 
unaccustomed to such refinement, had difficulty and spent several 
months in transferring it. Six successive proofs required revision, and 
the revision of the earlier proofs was especially laborious. The final 
proofs are eminently satisfactory and reflect credit upon the lithog 
raphe!'. It is believed that such a map, combining as it does the com­
prehensiveness of the general map with the accuracy in detail usually 
attained only on much larger sheets, will meet the requirements of work­
ing geologists and instructors generally . 

.A large scale copy of the map (about 50 miles= 1 in. or 1: 3,168,000; 
dimensions, 5 feet 2 inches x 8 feet 3 inches) was prepared in Septem­
ber last for exhibition at the meeting of the American Association for 
the Advancement of Science and for subsequent nse in t-his office; and 
a second copy, of like scale and dimensions, has just been prepared for 
exhibition in the National Museum. The enlargement was effected by 
photographing the base up to the required scaJe and transferring the 
geology by hand. 

It is proposed to issue, at an early date, a separate edition of the map 
in two impressions, one printed in the colors of the Fifth Annual Re­
port edition and the other in the colors of a proposed color scheme, to­
gether with (1) an explanatory text relating thereto, (2) the experi­
mental map desocibed in a succeeding paragraph, and (3) an expose of 
the cartographic scheme of the the Survey in the form of a bulletin. 

The local map.-The geologic map of New York, Pennsylvania, and 
New Jersey, described in a preceding report, was completed in time for 
exhibition before the American Association for the Advancement of 
Science at Philadelphia in September last. 

Unfortunately it was found, on attempting to delineate the geology 
of the three States, that our knowledge of the taxonomic and structural 
relations and the geographic distribution of certain formations is too 
meager to warrant final cartography of a considerable portion of New 
York and some contiguous parts of Pennsylvania. It has accordingly 
been decided to defer publication of the map until additional data shall 
haYe been accumulated. 

Meantime, the manuscript copy of the map (scale, 6 miles= 1 in., or 
1: 380160; dimensions, 6 feet 6 inches x 6 feet 2 inches) has been found 
convenient for office use; and it serves one of the purposes of its con­
struction by illustrating the applicability of your cartographic scheme to 
the representation of minor geologic divisions on large scale maps as 
satisfactorily as can be done by any hand colored map. 

The experimental map.- One of the principal functions of the United 
States Geological Survey, as defined by the law instituting it, is the 
preparation of a geologic map of the United States, which, as the lan­
guage of the law implies, shall be of such scale and characterized by 
such colors or other conventions as may be required in the delineation 
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of the structure of the entire region. In order to facilitate selection of 
the most suitable scale and conventional signs for such purpose, and 
at the same time develop a cartographic scheme which it is hoped may 
prove worthy of international adoption, it was decided over a year ago 
to prepare a map upon which different color schemes might be tested, 
and the local map already described was that first selected for the pur­
pose. 

When it was found inexpedient to print the map of the three States 
it became necessary to select some tract in whieh geologic structure 
and relation are typically exhibited for use in testing different carto­
graphic schemes. A tract in northeastern Pennsylvania, southeastern 
New York, and northern New Jersey (lat. 400 301 to 410 22', long. 730 
30' to 780 30'; GO by 255 miles) was finally chosen for this purpose. 
Within this tract are comprehended (1) undoubted Archrean terranes, 
(2) crystalline rock masses probably representing metamorphosed Pa­
leozoic formations, (3) an extended series of unaltered Paleozoic for­
matious representing all the groups of that system, (4) the two groups 
of the Mesozoic system, of which one is divisible into several forma­
tions, ( 5) several Cenozoic formations, (6) intrusives, in the two forms of 

. dikes and sheets, and (7) superficial deposits of both immediate and 
remote derivation and of variable thickness and importance. The r<~ck 
masses are of various thickuesses and variously affected by fracture, 
tilting, and corrugation, and iu consequence the terranes are of wi1lth 
ranging from the nar-rowest zones representable cartographically to 25 
miles; the altitudes of the little-1listnrbed terranes are various, and 
they are consequently variously dissected anc~ geographically modifierl 
by erosion; most of the area has been so carefully studied that the 
identity of the rock masses has been finally established, and in all other 
respects the tra0t appears suitable for the purpose. 

The preP' .ation of a base map of the region was commenced in 
April, a· although the work has been dela;red upon it by ot_her 
dutiP' 1t approaches completion. The geologic data have been as­
se· ,1ed and can be rapidly transferred when the drawing is finished . 

.1.t is proposed to lithograph this map and issue it in connection with 
the bulletin already mentioned at the earliest lJOssible date, probably 
in time for the session of the Congres Geologique [nternational at, Ber­
lin in October next. 

The geologic map of New York.-In pursuance of your 01:al instructions 
of November 20 last, I proceeded to Albany to assist the State geologist 
of New York, Prof. James Hall, in constructing a geologic map of that 
State. 

It was supposed, when the preparation of this map was suggesterl, 
that data from which an accurate geologic map of the entire State might 
be readily compiled existed in the office of the State geologist., but it 
was soon found that, though of great value, these data were inadeq nate. 
They were accordingly supplemented by different meaus, and the record 



28 ADMINISTRATIVE REPORTS BY 

of additional data was elaborated in a report designed to accompany 
the map . 

..All possible information relating to the geologic structure and topo­
graphic configuration of the State was collected by correspondence and 
personal conference with citizens of the Stare and other gentlemen; 
and it is desirable to acknowledge their valuable contributions to the 
map more fully than can be done in its legend. Like information was 
obtained by research in the official and unofficial literature of the State, 
and to facilitate the work of future students a bibliography of this lit-
erature was prepared. • 

In order to extend the geologic conventions over as much of the State 
as possible it was deemed expedient to carefully examine certain typi­
cal localities which promised to afford keys to the structure of consid­
erable areas. ..Accordingly, notwithstanding the lateness of the season, 
field investigations were undertaken by Professor Hall and myself at 
Saratoga Springs and in the dislocated region of the Mohawk. These 
investigations yielded results not only immf1diately serviceable in the 
preparation of the map, but of such value to geologic science as to war­
rant independent publication; and some time has been spent in pre­
paring text and illustrations relating to these interesting geologic re­
gions for publication in the report designed to accompany the map, and 
perhaps elsewhere . 

..Although the entire area of the State was geologically mapped in 
1842 and again in 1844, it was found,· after collating the records, that 
considerable portions of New York have never been explored geologi­
cally; and, in accordance with the conviction that geologic science may 
be best promoted and its utilitarian end best subserved by avoiding 
pretense to greater knowledge than is actually possessed, it was decided 
to leave these areas uncolored. Justification for incomplete cartog­
raphy.of a region previously mapped in entirety demands a demonstra­
tion of the untrustworthiness of the earlier cartography. ..Accordingly, 
the earlier maps and the published records upon which they were based 
were critically reviewed, with the purpose of showing that, while their 
accuracy in detail was equal to the requirements of the t.imes and the 
state of geologic science then obtaining, it falls short of the more re­
fined standards of to-day. 

The report em bracing these several treatises will form a considerable 
volume, but it is believed to be a necessary contribution to the scien­
tific literature of a State classic in ..American geology. 

The map is drawn to scale of 6 miles to an inch. It was completed 
in January, and a hand-colored copy, reduced to a scale of 8 miles to an 
inch, was soon after communicated to Professor Hall for temporary 
use. ..A smaller copy was also prepared for the use of this office. 

Since there is not within reach of the working geologist a map of New 
York suitable for use in the field, it is proposed to compile and litho­
graph a base which shall not only serve for the present map, but form 
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a convenient working map for the geologists employed in rectifying and 
extending the older surveys and eventually serve as a basis for a com­
plete geologic map of the State. 

The data for this base have been assembled, and it will be drawn as 
soon as the publication of the map is officially ordered. 

Thesmwus of American jormations.-By reason of the pressure of 
other duties, work upon the thesaurus (which was fully described in 
the report of last year) was suspended early in the present year. It 
will be resumed at an early date. 

The geologic sketch of Texas, etc.-The geologic map of Texas, Indian 
Territory, Arkansas, and Louisiana, which this sketch is designed to 
illustrate, has been in readiness for the engraver for a year; and the 
text, exclusive of that containing the bibliography, is nearly ready for 
the printer. 

Since the geographic work of this Survey has already been extended 
into the region covered by the map and geologic investigation must 
shortly be instituted there, it has been deemed wise to supplement the 
sketch by an exhaustive geologic bibliography of these States. The 
plan adopted contemplates a title bibliography, arranged, first, cbrono· 
logically and, secondly, alphabetically by authors, with annotations indi­
cating the scope and value of treatises (1) not readily accessible, (2) 
insufficiently described by their titles, (3) only referring incidentally to 
the geology of the region, or (4) for other reasons of little value to the 
general student. 

Several hundred titles have been assembled and. annotated. 
The history of American State surveys.-Recent inquirjes by the United 

States Government concerning foreign scientific surveys have demon­
strated the desirability of recording in permanent and accessible form 

. all available data relating to the organization, administration, cost, and 
material results of geologic, geodetic, geographic, mineralogic, agricult­
ural, natural history, and other scientific surveys officially instituted 
at various times by the several States of the Union; and the necessity 
for immediate action in tlle collection of such is manifest, since much 
valuable information, particularly details of administration and cost, 
has never been published, but exists only in the memory of men, in 
private records, and in public records liable to become destroyed or for­
gotten with the decadence of the present generation. 

Accordingly, by your direction, and with your constant co-operation, 
I have undertaken to collect material for a history of American State 
surveys, with a view of compiling and publishing it at the earliest pos­
sible date. The plan adQpted is to invite gentlemen specially familiar 
with the scientific surveys of particular States or larger regions to pre­
pare detailed llistorical sketches of such surveys, to be utilized in the 
compilation of the general.history. 

Correspondence iu relation to the matter was opened April15, 1885, 
and the responses thus far received have been most encouraging. Up 



30 ADMINISTRATIVE REPORTS BY 

to this date only six satisfactory sketches of different surveys have 
been communicated to this office; but histories of nearly all of the other 
surveys officially instituted in this country have already been promised. 

FIELD WORK. 

Im-'estigations in the District of Columbia.-Tbe investigation of the 
superficial and other formations and the fluviatile and littoral terraces of 
the District of Columbia and contiguous territory, commenced two years 
ago, has been prosecuted as energetically as the pressure of other duties 
and the imperfection of existing maps permitted. 

By reason of the necessity for concentrating a considerable portion 
of the topographic force of the Survey in Massachusetts, at the begin­
ning of the year, Mr. Sumner H. Bodfish, who bad been detailed to 
survey and map the region about the National Capital, was transferred 
to that field, and the work here was suspended; and since there is not 
in existence a topographic map of the region sufficiently detailed and 
accurate for use even in reconnaissance (for the interrelation of terraces 
and deposits cannot be inferred until the terraces have been at least 
partially co-ordinated), the geologic work has thereby been greatly re­
tarded. The topographic survey thus suspended in July last was, how­
ever, resumed in May, under the direction of the Chief Geographer of 
the Survey. The completion of the survey and the preparation of the 
map have been intrusted to Mr. John D. Hoffman and the plan for the 
map has been modified. It is now proposed to construct it in two sheets, 
bounded, respectively, by iatitude 38° 45' to 390! by longitude 760 45' to 
no, and latitude 380 45' to 390, by longitude 770 to 770 15', on a scale of 
1 : 63360, with 20-foot contours. Mr. Hoffman has had a party in the 
field since May, and, in addition, bas spent considerable time in com­
piling existing data and transferring the results of Mr. Bodfish's work 
to his own field sheets. 

Pending completion of the topographic map, the preliminary reconnais­
sance has been extended beyond the limits of the District in all direc­
tions; the various sewer, reservoir, tunnel, street, and other excava­
tions of the District, in which phenomena of geologic significance are 
revealed, have been examined from time to time, a number of photo­
graphs and drawings of exposures have been made, and a collection of 
silicified and lignitized wood from the Potomac formations has been 
brought together with a view to generic identification by microscopic 
examination. 

Investigations in the Potomac, Cheat, ~Monongahela, and Ohio Valleys.­
The terraces in the District of Columbia, which are in part fluviatile 
and in part littoral, are indicative of orogenic movements, presumably 
extending into and perhaps culminating in the Appalachians; and ter­
races in the valleys of the upper Potomac 'and its tributaries, and in 
the Ohio and certain of its a:ffiuents, originating on the western slope 
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of the Appalachians, have been described by W. M. Fontaine, J. F. Camp­
bell, J. J. Stevenson, J. P. Lesley, G. F. Wright, and others, who have 
aih"auced different hypotheses as to their origin. 

Comparative study of these terraces promised tp yield valuable re-
. sults; and accordingly a trip up the Potomac River from vVashington 
to its source in Highland County, Virginia, across the Alleghany Mount­
ains to the headwaters of the Cheat River, down the Dry Fork and 
main Cheat :to its confluence with the Monongahela, down that stream 
to its union with the Alleghany at Pittsburgh, and thence down the 
Ohio to Wheeling, was performed during the period from September 
17 to October 10 last. Since, in the pursuit of geologic clews, it was 
desirable to traverse cultivated fields, virgin forests, pathless gorges, 
and uutrodden mountain crests,· alike impassable for vehicles or even 
animals, the entire journey was performed on foot. 

Though comparative study of the terraces was the primary object of 
this journey, the correlation of the rock formations of the District of 
Columbia with those ·of the better known Appalachian region was a 
secondary object. 

·Between the known newer Mesozoic terranes of the District of Colum­
bia and the known Paleozoic terranes in and west of the Blue Ridge lies 
a broad zone of crystalline rocks (partly covered by older Mesozoic 
eaudstones, shales, and conglomerates), whose position in the geologic 
column has not been determined. The relations of these rocks to the 
Paleozoics in the Blue Ridge are obscure; and since they were not as­
certained during the first trip through t].Je region, the most important 
localities were twice revisited, once in company with Prof. W. 0. Crosby, 
of the Massachusetts Institute of Technology, and mice with Prof. 
George H. Williams, of Johns Hopkins University. Since no fossils 
were found about the locus of passage from known clastics to crystal­
lines of doubtful genesis, a series of rock specimens was collected in the 
hope that by microscopic examination they might be made to yield evi­
dence of the relations of the rock masses. 

Twenty-five slips have been prepared from these specimens. They 
will be examined at an early date by Professor Williams. 

Investigations in Wisconsin ctnd Iowa.-In prosecuting a geologic sur­
vey of northeastern Iowa, lit private cost, some years ago, certain lines 
of investigation were not pursued to their Hmits, partly because the 
area involved extended into other States in which official surveys were 
in progresi'. One of these lines of investigation related to the distri­
bution and other phenomena of the loess in the driftless area of Wis­
consin. Since this amateur survey was brought to au end, the State 
survey of Wisconsin has been completed and the final reports have bee11 
published; and when the former State geologist, Prof. T. C. Chamberlinl 

; 
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Geologist United States Geological Survey, courteously offered to pilot 
tile through the driftless area and contiguous portions of Wisconsin, 
I gladly availed myself of his kindness. Subsequently, in company 
with the same gentleman, I reviewed some of my own work in Eastern 
Iowa. These tasks occupied the latter part of October and early No­
vember. The results will be incorporated in a memoir on the superficial 
geology of northeastern Iowa, the material for which has been in band 
for some years. 

Investigations in Neu; York.-Dnring the course of preparation of the 
geological map of New York it became necessary, as already intimated, 
to minutely examine the geologically complex area about Saratoga 
Springs, and the equally complex dislocated region of the Mohawk 

·Valley; and in the latter part of December Professor Hall and myself 
visited these regions and collected data for geologic maps, sections, 
and stereograms, exhibiting their structure in detail. The proposed 
disposition of this material has already been noted. 

Investigations in Kansas.-The salient phenomena of the Cenozoic and 
Mesozoic formations typically developed and well exposed in the mount­
ainous portions of Colorado have been brought out by scientific surveys 
in that State. But little is yet known of the physical and paleontologic 
character of these format,ions .in their easternmost extension (particu­
larly in Kansas and Indian Territory), of their relations to the Paleozoic 
formations of the Mississippi Valley, or of the geography of the periods 
during which they were deposited. 

As a first step in the process of filling this hiatus, I have, at your 
suggestion, employed Mr. Robert Hay, of Junction City, Kansas, to 
construct a section through Southern Kansas and Colorado, along the 
line of the sixth standard parallel south (not far from latitude 370 20'), 
from the previously studied Carboniferous terranes of eastern Kansas 
to the region of typically developed Cretaceous formations in Colorado. 

Mr. Hay took the field at Wichita, Kansas, on the 15th instant, and 
has already reported progress. 

It is but just to you, and a pleasure to me, to add that many of my 
duties have brought me into so intimate association with yourself, and 
that I have so frequently availed myself of your casual suggestions as 
well as your specific instructions, that it is difficult in some cases to 
discriminate between my own work and that which might more prop­
erly be credited to yon. 

I have the honor to be, sir, very respectfully, your obedient servant, 
W J McGEE,· 

Geologist. 
Hon. J. W. POWELL, 

.Di·rector United States Geological Survey, Washington, D. C. 

.·I 
~ 
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REPORT OF MR. T. C. CHAMBERLIN. 

UNITED S'.rATES GEOLOGICAL SURVEY, 

GLACIAL DIVISION, 

Beloit, Wisconsin, July 2, 1885. 
SIR: I have the honor to present herewith a report of operations of 

the glacial division for the year ending June 30, 1885. 
The general plan of administration has not departed essentially from 

that heretofore indicated, though several special lines of investigation 
have been added. Among these are monographic studies upon the 
drumlins, the osars, and upon bowlder trains. The chemical study of 
the drift, which I regard as a most neglectecl subject, has become fairly 
inaugurated. Extensive sampling has been made in various parts of the 
field with a view to securing a basis for comparisons and generalizations 
that shall not be obnoxious to 'the charge of insufficient breadth and 
comprehensiveness. The determinations thus far made have been of the 
simpler, but yet significant kinds. The presence of calcic and magnesic 
carbonates in notable quantities in the drift clays is perhaps the most 
easily detectable and most widely prevalent index of their mechanical 
origin, in distinction from an origin through secular disintegration. 
The previous investigations of the Survey, particularly those in charge 
of Professor Salisbury, have shown the practical absence of these car-

. bonates from the residuary earths, even when derived from limestones. 
Their prevalence in glacial clays becomes, therefore, diagnostic, subject, 
to be sure, to certain qualifications which, however, have no great appli· 
cation. Some thousands of simple acid tests in the field, a considera­
able number of partial quantitative determinations, and a few complete 
analyses have been made. 

Microscopic work has also been inaugurated, but has thus far been 
chiefly confined to the determination of the character of the assortment 
of particles which the several deposits present, and particularly to the 
discrimination between residuary earths, glacial clays, and the loess. 
Results that promise to be important, when fully verified, have been 
attained. 

The work of Prof. J. E. Todd during the year was a direct continua­
tion of that upon which he had been engaged for the two preceding 
years, namely, the tracing out of the moraiu'ic systems of Southern 
Dakota and the detailed determination of the relations of these to as· 
sociated formations and to the topography and drainage systems of 
the region. It was deemed advisable that he should spend the field 
season in the study of the lower portion of the Territory lying south 
of 44° 30' north latitude, and that he should gather his results into a 
bulletin to be completed at an early day, leaving the more northerly 
portion of the field for subsequent investigation. 

He took the field on August 4 and continued there until October 
9. The larger portion of this time was consumed in an examination 

.6 GEOL--3 
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of a belt lying adjacent to the Missouri River and reaching from about 
440 north latitude around to the Big Sio1u River, but considerable time 
was devoted to supplementary examinations in other parts of the area 
and in adjacent parts of Nebraska. The leading results of the year's 
investigation are the following : 

(1) The establishment of the former existence of a la:rge glacial lake 
north of and around the Bijou Hills. 
· (2) The tracing, with considerable definiteness, of two series of ter­
races along the Missouri and Big Sioux Rivers. 

(3) The definite location of the outer or principal moraine from Kim­
ball southward and eastward and then northward around to Wall 
Lake, and of the second moraine from Oanistoga to Mitchell. 

(4) Further exploration of the loess which lies around the terminal 
portion of the later drift, embracing the addition of several important 
features concerning it. Among these may be noted (a) the tracing of 
several broad, shallow, sandy northwest-southeast valleys across the 
divide between the northward-flowing tributaries of the Missouri, on the 
one hand, and the streams which flow in a southerly direction on the 
other; (b) further and more specific data respecting the eroded surface 
of the drift under the loess; and (c) additional evidence indicating the 
recent tilting of the loess surface toward the east. 

(5) The discovery of Pliocene beds (Loup River group of Hayden) as 
far east as Frankfort, Nebraska. 

(6) The detection of Dakota sandstone beds along the James River, 
above Milltown, on Enemy Creek, and on the Fire Steel, as far as 6 
miles above Mitchell. 

(7) The discovery of Niobrara chalkstone near Canton and north of 
Mitchell, near the Dakota beds above mentioned. 

(8) The discovery of a quite extensive bed of siliceous flour, largely 
a hydrous silicate of alumina, just below the drift, east of the lower 
curve of the Bazile River. It seems e:x.actly similar to certain beds 
upon the Republican River which have been called volcanic ash. 

(9) A thin vein of coal near the ferry-landing at Ponca, identified as 
belonging to the upper portion of the Dakot!l> beds. 

Professor Todd took about sixty photographs and made representa­
tive collections. He was assisted in the field by Mr. L. B. A very and 
Mr. E. W. Brooks. · 

Prof. R. D. Salisbury took the field on the 11th of July, resuming his 
investigations upon the drift phenomena adjacent to the driftless area 
of the upper Mississippi Valley. The special subjects of his investi­
gation during July and August, were the character and distribution of 
pebbly drift along the west border of the region, in the vicinity of the 
Mississippi, and westward to the continuous drift-sheets of Iowa and 
Minnesota, and the not less remarkable vanishing edge of the loess 
deposit. This pebbly belt was found to be limited on the east to the 
vicinity of the Mississip:Qi River, though occasionally represented by 
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pebbles upon the eastern side, being thus shown to terminate in anom­
alous topographic situations. It was likewise determined that the loess 
terminates in a vague, almost undefinable, edge on the east side of the 
Mississippi~ within from 10 to 15 miles of it. The determ::.::ation was 
rendered difficult by the modification of the attenuated border of the 
loess, through its admixture with secondary deposits of residuary earth·s, 
and by the erosion which it has suffered since its deposition, but it was 
satisfactorily demonstrated that the deposit not only does not cover the 

· driftless area in general, but that it does not even cover large areas of 
less altitude than that which it occupies, illustrating again the anomal­
ous attitudes which this formation assumes. The two determinations 
supplement and corr.oborate each other~ and indicate that conditions 
suitable lor the distribmion and deposition of these attenuated forma­
tions were prevalent along the western border of the driftless area but 
not over its central and eastern portions. 

The flood-plain deposits of those valleys which lead up to the border 
of the newer drift, whence the deposits originated, were also subjects of 
stud,y, as well as the slack-water deposits of tributaries caused by the 
filling of primaries by glacial :floods. In the latter portion of the year. 
Professor Salisbury entered upon the microscopic study of the residu­
ary· earths, loess, and glacial clays. Illustrative specimens and photo­
graphs were taken th;oughout the field work. 

Professor G. F. Wright became associated with the division at the 
beginning of the fiscal year and devoted the month of July to deter­
mining the southern limit of drift through the State of Illinois, which 
was found to enter the State near Phillipstown, White County, and to 
bear in a general south west direction through Gallatin, Saline, and Will­
iamson Counties, whence it turns northwesterly and extends through 
Jackson, Ra!_ldolph, and Monroe Counties, coinciding with ~he east bank 
of the Mississippi Valley up to the vicinity of Saint Louis. Nowhere 
in this region are the glacial deposits thrown into ridges and hills, as is 
so usually true of the border of the drift of the later epoch. Loess was 
found to conceal the border to a greater or less extent. Striated sur­
faces were discovered 2 or 3 miles south of Carbondale, in Williamson 
County, bearing south from 100 to 150 east, and in Jackson County 
bearing south 50 west. 

The earlier part nf August was spent in the study of terraces in the 
western portion of Pennsylvania, embracing those of the Monongahela 
and Alleghany Rivers and Beaver and Chartier's Creeks, as well as of 
the Ohio. · 

The latter part of August and the earlier half of September were 
spent in Hamilton and Butler Counties; Ohio; Campbell, Kenton, 
Boone, Gallatin, and Trimble Counties, Kentucky; and Jefferson and 
Switzerland Counties, Indiana, adding to previous data respecting the 
border phenomena of the drift. An examination was made of the vege­
tal beds of Butler County, photographs of which were taken showing 
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the nature of the deposits and the situation of the fossil wood in them, 
specimens of which were collected. 

During the month of June, 1885, Professor Wright supplemented his 
former investigations in Hamilton, Clermont, Brown, Pike, and Ross 
Counties, Ohio, and made a study of Teaze's Valley through its whole 
length in Putnam and Cabell Counties, West Virginia, and its exten­
sion in Boyd and Greenup Counties, Kentucky. 

Seventy photographs were taken during the year and 175 samples. 
of earth were collected from different portions of the territory visited. 
Professor Wright was assisted by Mr. W. B. Metcalf during a portion 
of the field season and in the laboratory and by Mr. J.P. MacLean in 
the study of the vegetal deposits of Butler Uounty. Mr. Metcalf made 
a number of determinations of the carbonates in pursuance of the gen­
eral plan of chemical investigation above alluded to. 

Prof. George H. Stone, of Colorado, became associated with the 
glacial division at the opening of the fiscal year, and was engaged 
from the early part of July until the 3d of September in the study of 
the osar systems of Maine, to which he had previously devoted much 
labor as an amateur. His work during the summer consisted in the 
further tracing out of the osar systems which had become known to him 
through previous inYestigations and their more complete investigation 
and mapping. To this he added the discovery of some new systems 
and the collection of a large mass of data bearing upon the specific 
characteristics of these remarkable formations. Incidental to this lead­
ing line of investigation, he made numerous observations upon strhe 
and other eYidences of glacial movement. Among t.hese he found evi­
dences which have been very commonly interpreted as indicating local 
glaciation, but which, on more complete and critical investigation, may 
prove to be only local deflections of the currents of the vanishing ice 
sheet. He also observed transverse belts of special drift accumulations 
that probably belong to the category of terminal moraines, though no 
continuous system was discerned. 

On the 1st of June, 1885, Professor Stone resumed his investigations 
in the field, and during the month has been engaged in the study of the 
glacial phenomena of the islands of the coast of Maine. 

During the year, Mr. W. M. Davis, of Harvard University, has be­
come associated with the glacial division and has undertaken the 
special study of drumlins and certain selected subjects of monographic 
study. His other engagements have not permitted him to devote much 
time to the Survey, up to the present date, and his investigations can 
only be said to have begun. Besides observations in the vicinity of 
Boston, he has commenced the examination of the btlt of drumlins 
that stretches from the vicinity of Brookfield and Spencer, Massachu- . 
setts, toward· Pomfret, Connecticut, and has already determined its 
lateral limits at several points. He found the drumlins of the belt 
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about Spencer to stand on a base elevated 1,200 feet above the sea but 
to present all the peculiarities of those seen at lower levels. 

In connection with this work, he has recently been engaged in the 
collection of data for a map illustrative of the ·glaciation of Mount 
Monadnock, the leading theme of study being the deflections of strioo 
from their usual trend, determined by the topographic features of the 
mountain. He has already observed a variation from S. 30 W. to S. 800 
E., a range of almost goo. 

Mr. I. M. Buell was employed, under my immediate supervision, dur­
ing portions of July, August, and September, 1884, and May and June, 
18851 in tracing out and mapping the bowlder trains of Central Wiscon· 
sin, which originate from the isolated knobs of quartzite and quartz . 
porphyry that there protrude through the Paleozoic formations. The 
leading purposes of the investigation were the determination of the 
amount of glacial abrasion which the knobs suffered, which it was sought 
to estimate both by a direct study of the modifications of the forms of the 
knobs, when compared with those in the adjacent non-glaciated area, and 
by a careful estimate of the amount of material carried away and distrib­
uted in the bowlders that constitute the trains. It was further hoped to 
secure approximate data respecting the amount of abrasion which the 
bowlders themselves suffered in the course of their transportation. The 
divergence of glacial currents, as indicated by the progressive spread­
ing of the train, and the distance of transportation, as determined by 
its length, were among the results anticipated. A very considerable 
mass of specific data was collected, but the investigation is as yet in· 
complete. Incidentally, some of the drumlins of the region became sub­
jects of study, as they lay directly in the path of the trains from the 
Portland and Waterloo quartzites. The distribution of bowlders over 
and through these, furnishes data of some significance in the study of 
these forms. 

In the middle of September, under my immediate supetvision, Mr. D. 
W. Mead undertook the mapping of the glacial flood plains and the ter­
race systems of the Chippewa Valley of Wisconsin. There originated 
from the exterior margin of -the outer. terminal moraine of the later 
epoch extensive gravel plains, which gathered into the main valleys, 
and, joining, formed a sand and gravel stream which filled the ancient 
Chippewa Valley to upwards of 100 feet in depth, eonver.ting it into a 
broad plain. Out of this a fine sy~:~tem of terraces was subsequently 
carved by the streams. It was sought to ascertain by a study of these 
what light could be thrown upon the orographic movements of the re­
gion, as well as the special conditions which presided over the develop­
ment of the terraces. His work was concluded in November, but I have 
been unable as yet to fully discuss the results. 

My own time dur-ing the months of July, August, and September 
was chiefly occupied in the study of the several problems of the driftless 
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region, in association with Professor Salisbury. In the latter part of 
Scptem ber, I spent a few days iu inaugurating the work upon the flood 
plains and terraces of the Chippewa Valley and in an examination of 
some of t,he problenmtic phenomena connected with the older drift of 
that region. 

I subsequently made a reconnaissance along the lines of the Chicago, 
Milwaukee, Saint Pttul and Omaha Hailroad in Northwestern Wiscon­
sin, which have recently opened up a territory previously rendered 
inaccessible to satisfactory investigations because concealed by an ex­
tensive forest, but in which the drift is' now finely exposed by numer­
ous fresh, deep cuts. For 40 miles along the line from Chippewa Falls 
to Superior City there is a scarcely interrupted succession of cuts 
through morainic and kame-like hills and ridges, showing a great va­
riety of gradations, from till to almost pure sand, embracing wide varia­
tions in kind and degree of stratification, from almost inextricable con­
fusion to perfect assortment. While the obliquity of the line somewhat 
increases the apparent width of the belt, it still shows a magnitude of 
kame-like accumulations that are altogether fatal, in the very element 
of magnitude, to some current hypotheses concerning the origin of such 
deposits. The line from Ashland to .Saint Paul traverses the belt in a 
more longitudinal direction and more largely follows river flood plains, 
but ;yet displays an extended and very striking series of sections. Brief 
notes were made on over one hundred of these sections. In the inter­
pretation of kame-like accumulations such grand belts as these, and 
those which are elsewhere displayed in association with the great mo­
rainic tracts described in the Third Annuai Report, are features of prime 
significance. 

Iu October, a short time was given to a re-examination of a portion 
of the southeastern border of the driftless area in the hope of finally 
laying at rest all skepticism concerning the absence of loess from that 
region, notwithstanding the fact of its higher elevation on the western 
side. One hundred and :fifty railroad cuts, in situations favomble for 
the retention of loess, or any other Quaternary deposit that might be 
supposed to have overlain the region, added to the re-exploration of 
considerable territory along the border and on the edge of the drift, 
appear to give thoroughly satisfactory evidence that the submergence 
of the region, which has been maintained by several writers, was not a 
verity. 

A little later, ii1 connection with Mr. McGee, I visited several typical 
regions in Wisconsin and Iowa for the purpose of mutual comparison 
of observations and interpretations and the better correlation of our 
studies upon phenomena, which, though closely adjacent geographically, 
are, I think we were both convinced, somewhat widely differentiated in 
specific character. 

In November and December I made a somewhat extensive recon-
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naissance in the southwest and south, for the purpose of bringing 
into sharper definition the problems of the plains and of the lower 
MisEissippi Valley in their relations to the drift phenomena of the 
northern region. This reconnaissance extended as far west as Den· 
ver and as far south as Dallas and Vicksburg. It involved some 
studies in southern Iowa, northern Missouri, and a zigzagging of north· 
eastern Kansas along the line of the border of the loess and of the 
drift; more cursory observations on the plains and upon the flood drift 
of the H,ocky Mountains, a reconnaissance of the plain region south of 
the old Pliocene lake, in the pursuit of ancient drainage features; and 
some brief studies of the loess and Orange sand about Vicksburg and 
Jackson, Mississippi, Memphis and Humboldt, Tennessee, and Columbus, 
Kentucky. The results of such a r~connaissance are scarcely worthy of 
record here, except a few that are m·ainly dependent upon previous and 
less brief studies. 

1. In harmony with all previous observations in the interior basin, I 
found in Nebraska, Kansas, and Missouri no evidence of morainic ridg· 
ing on the border of the drift, and it ·may be safely asserted that no sneh 
n1 ora.inic aggregation exists, except as a local development, as is the 
case in south central Indiana, noted in the Third Annual Report of the 
United States Geological Survey, page 333. 2. I could not:find in the 
gravels of the so-called Orange sand at any point examined, not even 
as near the drift as Columbus, Kentucky, evidences of glacial deriva­
tion. While it would be premature to ex press an opinion, there is ground 
for gra\'e doubt whether the Orange sand, even in these most typical 
1ocnJities, belongs to the glacial period at all. The current doctrine 
that it is of the Champlain epoch, I am convinced, is not only wholly 
untenable, but. is about as far astray as it is possible to be within the 
range of the Quaternary period. 3. It seems to me almost equally cer­
tain that the loess depo!'lits of the Lower Mississippi much antedate the 
Champlain epoch. 4. The distribution of the loess and of certain plain· 
surface-drifts, together with numerous Quaternary drainage features, 
seems only explicable on the assumption of changed attitudes of the 
crust, and appea.rs to open up broadly on an observational basis the 
question of orographic differential movements during and since the 
Quaternary period. 

All members of the division have given a portion of their time dur­
ing the winter months to the elaboration of the data securerl in the field 
and the preparation of bulletins which will embrace the results of their 
investigations. Several of these bulletins are in an advanced state of 
preparation. 

I am happy to announce that at the beginning of the coming fiscal· 
year two of our most experienced glaciali.sts will undertake investiga­
tions in association with the division-Prof. N. S. Shaler, of Harvard 
University, and Mr. Warren Upham, recently of the Minnesota Geo-
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logical Survey. The former will attack some of the special drift prob· 
lems of New England and the latter will continue his well known in­
vestigations on the extinct Lake .Agassiz. 

Very respectfully, your obedient servant, 
. T. 0. CHAMBERLIN. 

Bon. J. W. POWELL, 

IJireetor United States Geological Survey, Wash1~ngton, D. 0. 

REPORT OF PROF. R. D. IRVING. 

UNITED STA'l'ES GEOLOGICAL SURVEY, 

LAKE SUPERIOR DIVISION, 

.JYiadison, Wisconsin, June 30, 1885. 
SIR: I have the honor to submit the following report of the opera­

tions of the division of th~ Survey under my charge for the year end­
ing June 30, 1885. 

The work of this division is a general investigation of those forma­
tions of the Northwestern States which underlie the basal fossiliferous 
sandstone of the Mississippi Valley, this sandstone being genoca.Ily 
taken to be the geological equivalent of the Potsdam sandstone of New 
York. The rock systems under study include the enormously thick 
and complex formations which have been called the Laurentian and 
Huronian; and also the Keweenaw series of the Lake Superior region. 
In the Fifth .Annual Report of the Survey (pp. 24-28, 175-242) I have 
given a general account of my plan of operations and progress to date, 
as also a general preliminary geological map of the Northwest. Refer­
ence to that map and the accompanying report will aid in the under­
standing of the following account of operations for the year just closed. 

FIELD WORK. 

In addition to what I have done in the field myself during the year, 
independent parties have been led by Assistant Geologists Hall, Mer­
riam, Cbanvenet, and VanHise. 

Professor Hall's party.-Professor Hall, with one assistant, Mr. J. E. 
Manchester, was occupied from the 1st of July to early September in a 
study of the gneissic formation of the Minnesota Valley from New Ulm 
to Big Stone Lake. The exposures along the valley are very numerous 
though confined mainly to the wide river bottoms, and Professor Hall 
has made a very thorough study of all, collecting a large series of speci­
mens which are now under microscopic study. 

Mr. Merriam's party.-Mr. Merriam was occupied during August, 
September, and October in an examination of an extended region in 
the vicinity of Vermillion Lake and to the north and east of it, the area 
examined overla,pping on the east that studied by Mr. Obauvenet dur­
ing the same and several previous seasons and extending along the 
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natural boundary line as far as the western end of Crooked Lake. The 
immense number of very irregularly outlined lakes which stud there· 
gion offer to the geologist, with their connecting water courses, an unu· 
<sually favorable opportunity for work in a country which would other­
wise be equal to any other in the United States in difficulty of penetra­
tion. The lakes not only afford the means of getting readily from place 
to place, but they make also frequent bold and cliffy exposures of the 
rocks along their shores and give an opportunity to study the various 
rock belts, not merely in the direction of the strike, but also in direc­
tions transverse to it. These lakes are of yet further advantage, in 
that, having been "meandered" by the United States surveyors, they 
furnish us with numerous surveyed lines fixed with reasonable accu­
racy, within the sections, the interiors of which are left entirely unsur­
veyed in regions without large lakes or ri>ers. 

After making some studies of the country in the immediate vicinity 
of Vermillion Lake, Mr. Merriam started from Two Rivers, situated at 
about the middle of the south side of that lake, on the 14th of August, 
with a party consisting, besides himself, of one woodsman and two 
Indian canoemen, disposed in two two-fathom canoes. From Two Rivers 
the course of the party lay north of east through Vermillion, Mud, 
Burnt Side, and Long Lakes to Falls Lake in the northern part of T. 
63, R.ll W.; and from here southward through Farm, White Iron, and 
Birch Lakes and the Meta wang a Ri\·er to the tsouthem part of'l'. 60, R. 12 
W. Leaving his c.anoes here, Mr. Merriam examined the flat lying, iron­
bearing beds of the Animikie series as far eastward as Iron Lake, in 
Sec. 13, T. 60, R- 13 W. These beds lie on the south side of the Mesabe 
granite range and a section has thus been obtained all across from the 
vertically placed iron-bearing rocks of the Vermillion Lake basin to the 
flat-lying Animikie beds. The Metawanga RivPr ,..-as next followed 
downward to Birch Lake, from the western end of which lake, in T. 61, 
R. 13 W., a portage was made westward into Bear Island Lake, where 
fine displays are to be seen of the granite and gnei8s that .separates the 
flat Animikie rocks, just mentioned, from the Vermillion Lake schists. 
Birch Lake was next examined iu detail on both sides, after which the 
party returned to Farm Lake. From here a long series of lakes, with 
short intervening portages, was followed eastward through a country 
which, in the main, is not ~'et subdivided by the Land Office, for a dis­
tance of about 30 miles, or about as far as the middle part of T. 63, R. 
6 W. (unsurveyed), thus overlapping M.r. Chauvenet's work by some few 
miles. In this long eastern stretch, since the formations of the region 
have a general northeasterly course, a second cross-section was obtained 
from the Vermillion Lake iron-bearing schists to the gabbros at the base 
of the Keweenaw series. Turning now, Mr. Merriam retraced his 
course for about 20 miles toT. 63, R. 9 vV. (unsurveyed), and traveled 
thence northward through Moose and Wind lakes in T. 64, H,. 9 W., 
into Basswood Lake, on the national bonndary line, where a second con-
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nection with Mr. Chauvenet's work was made. The national bound.try 
line was now followed northwestward through a series of small lakes 
with intervening rapi(ls to Crooked Lake, and through this lake to 
Iron Lake, in the northeastern part ofT. 66, R. 13 W., which was the 
furthest point reached. 

The return journey was made through Crooked, Basswood, Falls, 
Long, Burnt Side, and Mud Lakes to Vermillion Lake, Mr. Merriam ex­
amining in detail such points on these lakes as had not been studied 
before. Vermillion r. .. ake was reached on the 6th of October. From this 
date to the 23d of October the time was devoted to a minute examina­
tion of the numerous rock belts exposed along the many extended 
ramifications of Vermillion Lake, and to making a third detailed section 
from the Vermillion Lake schists to the gabbros south of the Mesabi 
Range, in this case along the line of the recently completed Duluth and 
Iron Range Railroad. This work finished, Mr. Merriam's intention 
was to return to the vicinity of Birch Lake for further studies; but cold 
weather setting in and the lakes beginning to freeze, this work had to be 
abandoned until another season. Without counting anything but the 
main lines of his course, it appears that Mr. Merriam traveled in his 
canoes a distance of between three and four hundred miles, besides 
making various lateral excursions on foot. Although subjected during 
the first part of the time to much inconvenience on account of heavy 
rains, Mr. Merriam had on the whole a most successful season in this 
region, having covered a far· larger area than was hoped for, most of 
which had never been before examined by any geologist, and having 
brought back a most admirable series of notes and a collection of over 
500 specimens. Allusion is made further on to the results thus far ob­
tained by ourselves and other geologists in northern Minnesota. 

Mr. 1\ierriam returned from the Vermillion Lake country to Madison 
on the 25th of October. Two days later he left, under my instructions, 
for Keweenaw Point, for the purpose of making some detailed measure 
ments of certain places which had been examined by myself in company 
with Professor Chamberlin, as explained below, and in this work he was 
occupied until the 5th of November. 

During the month of June Mr. Merriam has been in the field in cen· 
tral and western Minnesota, with the object of restoring for that region 
the most important specimens and photographs lost at the time of the 
burning of my office in the State University at Madison, as below de­
scribed. 

Mr. Ohauvenet's party.-During four weeks in the latter half of Au­
gust and the first half of September Mr. Chauvenet was occupied in a 
continuation of the examinations begun by him during the previous 
season in the region north of Grand Marais and along the national 
boundary line, particularly in the vicinity of Ogiskemanissi and Keke­
kabic Lakes, in '.r. 64, R. 4 W., and T. 64, R. 5 W. Mr. Chauvenet 
was instructed to choose his routes on different lines from those fol-
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lowed on previous years, so as to extend our knowledge of this region 
as far as possible. In accordance with these instructions, Mr. Chau­
venet, leaving Grand Marais with four Indian packers and two canoes, 
took a northerly course through R. 1 E., to Round Lake in section 17, 
T. 641 L~. 1 E., and thence through a series of lakes northwesterly to 
Moss I,ake in the southwestern part of T. 65, R. 1 W. Gunflint Lake 
was next reached through several smaller lakes and through South and 
North Lakes on the national boundary. From the eastern end of Gun­
flint Lake a trip was taken to the northward on the Canadian side of 
the lake with the object of gaining further light as to the relations sus­
tained by the cherty ferruginous beds of the Animikie series, which 
make so large a display about Gunflint and North Lakes, to the granites 
and vertically placed schists lying immediately to the north of them. 
The relations of the same two formations were next studied through 
the eastern part ofT. 65, R. 4 W., beyond the western end of Gunflint 
Lake. A series of traverses was next made covering the whole of the 
south half of the township just named and the southeast quarter of the 
one lying just to the west, with the result of determining very satisfac­
torily the distribution of the granite, and of the green schist with which 
it is associated, and of the ferruginous rocks, gabbros, slates, etc., of the 
Animikie series, as well as the mutual structural relations of the several 
kinds of rock. The northern part of this township had already been 
studied during the previous year. From Bear Lake, in the southern part 
of T 651 H. 4 W., the party next made its way southwestward through 
a series of lakes to Little Saganaga Lake, in the western part ofT. 64, 
R. 5 W. From here the same route was followed, as on a previous year, 
through Gobbemichigomog, Agamok, and Fox Lakes to Ogiskemanissi 
Lake, in T. 65, R. 6 W. Anum ber of days were then spent about this lake 
and Kekekabic Lake, southwest from it, with the view of studying care­
fully tbe very peculiar and enormously thick conglomerate which is dis­
played along these lakes, important questions having been raised as to 
the relations of this conglomerate to the surrounding formations. Little 
Saganaga Lake lies entirely within the great gabbro formation which 
intervenes between the Animikie slates and the Keweenaw or copper­
bearing series proper, the appearance being as if, in this vicinity, the 
gabbro formation entirely overlaps the Animikie so ~s to come against 
the folded slates on the north. To get further light on this matter, Mr. 
Chauvenet made a canoe trip southward from the western end of Keke­
kabic Lake through a series of large-sized lakes as far as the southern 
part ofT. 63, R. 7 W., in which township he crossed the route followed 
by Mr. Merriam, as already stated. The result of the trip was to prove, 
as Mr. Merriam also independently did in his work further west., that· 
the great gabbro formation, which forms so prominent a feature of the 
country north of'Duluth and south of the Mesa be Iron Range, does here 
entirely overlap the Animikie formation. Returning now to the west­
ern end of Gunflint Lake, some further examinations were made in that 
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vicinity, after which the party returned to Grand Marais by the same 
trail as followed on the outward course. 

Accompanying this report is an outline map of the triangular area 
in Northeastern Minnesota lying between Lake Superior and the na­
tional boundary line and bounded on the west by the Vermillion and 
Saint Louis Hivers. On this map I have indicated by colored lines the 
courses taken by Dr. J. G. Norwood in 1847-'48; Prof. N.H. Winchell, 
of the Minnesota State survey, in the years 1878-'79; by myself in the 
seasons of 1880, 1883, and 1884; by Mr. Chauvenet in the same years, 
and by Mr. Merriam in 1884. Besides the examinations thus indicated 
I am not aware that any other geological work has been done in this 
very interesting region except. what has been accomplished by Bigsby, 
Bell, Selw;yn, and other Canadian geologists along the old canoe route 
which forms the national boundary line and northward from there in 
the British possessions. The earlier surveys-that is, those which pre­
ceded Professor Winchell's explorations-are of little value to us, hav­
ing been almost entirely conducted before there were any surYeyed lines 
in the region, so that the descriptions and locations are of the very 
vaguest character. Combining the results of these various explorations, 
we find ourselves able for the first time to reach an intelligent concep­
tion of this region- than which, it would be safe to say, no other area 
of equal size east of the Mississippi River makes more magnificent 
displays of the enormously thick formations which lie at the base of 
the geological column or offers a greater variety of rock kinds to the 
study of the geologist. Unfortunately, although la.rgely subdivided 
into townships and sections, the region is still almost a complete wil­
derness, so that geological work in it is slow and expensive. 

Professor V(m Hise's party.-Professor VanHise, accompanied by one 
woodsman and two packers, devoted the months of July and August 
to the study of that portion of the Penokee-Gogebic iron belt lying 
between the Montreal River and Lake Gogebic. As explained in my 
paper in the Fifth Annual Report (pp. 115-242•, this work is a continu­
ation into Michigan of that previously done by the Wisconsin survey 
in northern Wisconsin. Professor Van Rise's work in this district has 
been quite detailed, and his large collections of specimens having been 
studied microscopically a number of very interesting. conclusions have 
been reached. It was our intention to present for publication before 
now without further work in the region an account of its geology. So 
important, however, is the region in its bearings upon the broadest 
questions in Lake Superior geology, such as the divisibility of the 
Archrean, the structure of the Lake Superior basin, the stratigraphy 
of the Huronian series, etc.~ that I have decided to attempt a general 
revision of the whole belt for the seventy miles between Lake Numa­
kagon in Wisconsin and Lake Gogebic in Michigan during the season 
of 1885. I have been the more impelled to this decision by the recent 
entire destruction of the large Wisconsin Survey collections from this 
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region. To the preparation of a satisfactory account of the region as 
a whole, these Wisconsin collections seemed quite necessary, and it is 
our plan in the revision to replace them so far as may be needed. In 
this work of revision Professor Van Rise is now already engaged, 
having taken the field June 24. · 

My own studies in the field during the year have included examina­
tions of the gneissic series of the Minnesota Valley, in company with 
Professor Hall's party; of the region along the Saint Louis River, in 
the vicinity of Thompson, Minnesota; of the region about the iron 
mines of Vermillion Lake, in company with Mr. Merriam's party; of 
the country between Thunder Bay and the na~ional boundary line, 
particularly along the Kaministiquia River, the exposures along which 
river, though on the Canadian side of the boundary line, are very im­
portant in furnishing a correct understanding of the region between 
the boundary and Lake Superior; and, in company with Prof. T. C. 
Chamberlin, of a portion of Keweenaw Point, where we made together 
a detailed study of the contact between the Keweenaw series and the 
so-called Eastern Sandstone. My field work in Minnesota was during 
the months of July and August; that on Keweenaw Point during the 
month of October. 

OFFICE WORK. 

Before describing the work accomplished in the office during the year, 
. it will be necessary for me to allude to the disastrous fire by which the 
larger part of our records and specimens were lost on the night of the 
1st of December, since this fire has profoundly affected the work of 
the remainder of the year, and will influence not a little that of the 
year just about to begin. By the courtesy of the authorities of the 
University of Wisconsin, the office work of my division of the Survey 
has been carried on in my office in the Science building of that institu­
tion, which building was totally destroyed on the night mentioned. Our 
offices being situated on the third floor from the ground it was not possi­
ble for us to save very much; but, chiefly through the activity of Profes­
sor Van Hise, we succeeded in securing lli:Ost of the field notes pertaining 
to the present investigation and all but about 50 of 2,200 thin sections. 
Otherwise our records, specimens, instruments, camping m.aterial, etc., 
were almost wholly lost. Our collection of hand specimens had grown 
very large and represented all portions of the Archrean of the North­
wet;t. Including, alt;o, a collection of about 3,000 made by the Wiscuusiu 
survey, there were at my disposal, in the University building, about 
ten thousand rock specimens, chiefly derived from the Archrean forma­
tions I am now engaged in studying. Besides this loss, we have suf­
fered seYerely in the loss of the series of notes, made chiefly by myself, 
covering about ten years' study in the Lake Superior and immediately 
adjoining region prior to the beginning of our present work. Mr. Mer-. 
riam's field notes for his long and very successful trips made in North-
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eastern Minnesota in the summer of 1884 were entirely lost, so that this 
work will have to be almost wholly done again, little more remaining 
to us than his general knowledge of the distribution of the formations. 
In addition to these losses, we have lost between two and three hundred 
photographic negatives, taken allabout the Lake Superior country; a 
very large and complete collection of maps illustrative of the region we 
are now studying; as also most of our instruments and camp equipage. 

Lithological u:ork.-The microscopic work of the year, in which I 
have IJeen aided chiefly by Professor VanHise, has included studies (1) 
of sections from the Gogebifl-Huronianbelt; (2) of sections represent­
ing the formations of Northeastern Minnesota, particularly in the vicin­
ity of the national boundary line, from the mouth of Pigeon River t.o 
Basswood Lake; and (3) of sections of specimens illustrating the con­
tact line between the Keweenaw series and the Eastern Sandstone of 
Keweenaw Point. The total number of thin sections added to our col-· 
lections during the year has been 802, of which 292 were made at the 
Washington office and 510 at Madison. Of these, written descriptions 
have been prepared of 397; of which 56 are quartzites and sandstones, 
including quartzose conglomerates; 43 graywackes, graywacke slates, 
and graywacke conglomerates; 20 clay slates; 18 jaspery and cherty 
schists; 29 hornblende-schists; 32 chlorite-schists; 18 mica schists; 10 
gneisses and granites; 6 felsitic porphyries; 162 greenstones, includ­
ing diabases, diorites, etc.; and 3 crystalline limestones. In the course 
of the lithological work designed to aid in regional studies, several new 
points of general lithological interest have been met with, among which 
I may mention the discovery of a very interesting series of rocks, now 
mainly composed of quartz, which are manifestly but the products of 
alteration from once augitic rocks; and the discovery by Professor Van 
Hise of distinct secondary enlargements to the hornblende fragments 
which occur plentifully in the matrix of the great conglomerates of .the 
Ogiskemanissi and Kekekabic Lakes. Tllese enlargements are likely 
to prove of a great deal of in~erest and importance in· connection with 
the origin of the crystalline schists. An account of these enlargements 
by Professor Van Rise will appear shortly in the American Jourual of 
Science, the enlargements of quartz and feldspar fragments having 
already been described by us in some detail in Bulletin 8 of the Survey. 
Our lithological work has, of course, been very greatly curtailed by the 
loss of our material and grinding apparatus. Two investigations which 
we bad in hand in particular we have bad to set aside for the time. 
These are connected studies of Huronian basic' eruptives and of Hu­
ronian jaspers and cherts. 

Drafting.-The drafting work of the year has been mainly done by 
Mr. Merriam, although a little outside assistance has at times been re­
quired. Among the dmwings of the year have been 37 figures and plates 
for publication in Bulletin No. 23 of the Survey, and three large-scale 
(two incbes to the mile) working plats, two of Northeastern Minnesota, 

..._, 
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and one of the Penokee.Gogebic region of Wisconsin and Michigan. 
All of these drawings we ha>e bad to make at least twice on account 
of the loss of t.he :first drafts. 

Photography.-A large number of negatives representing occurrences 
in various portions of our field were taken during the summer and were 
developed and printed by Mr. Merriam after his return in the fall, but, 
as before stated, all were lost with the exception of a few prints. 

Publications.-During the year there have been published as results 
of our work (1) a paper on the secondary enlargements in mineral frag­
ments in certain rocks (Bulletin 8 of the Survey), by myself and Pro­
fessor VanHise; (2) a preliminary paper on the Arcbrean of the North­
west, published in the Fifth Annual Report; and (3) a paper on the 
divisibility .of the Arcbrean in the Northwest, published in the Ameri­
can Journal of Science of March, 1885. In conjunction with Prof. T. 
C. Chamberlin, I have also prepared during the year an illustrated 
paper giving the results of our studies made together on the contact 
line bet":,een the Keweenaw series and the Eastern Sandstone on Ke­
weenaw Point, which paper will appear as Bulletin 23 of the Survey. 
Professor VanHise bas also prepared a brjef paper for publication in 
the American Journal of Science on secondary enlargements of horn­
blende fragments. 

Besides the general supervision and management of the work, my 
own time in the office has been given chiefly to the preparation of pub. 
lieations· as above named, and to the study and mapping of results. A 
good deal of time has also been given to the recovery of a portion of 
our collections from the ruins of the building in which they were stored. 
The numbers of these specimens having originally been painted on 
them were often sufficiently distinct for us to make them out with 
some little difficulty; and, although the specimens are all badly disfig­
ured, we have still recovered perhaps a fifth of them in a condition suf­
ficiently good to be of a great deal of assistance to us. In the latter 
part of November I visited Ann Arbor, Michigan, to confer with Dr; 0. 
Rominger, the State geologist of Michigan, regarding certain questions 
which had arisen respecting a territory that had been examined by 
both of us. Dr. Rominger has aided me in every way in his power, 
and since our :fire has presented us with a series of about :fi;,e hundred 
specimens illustrating hi~:~ reports on the Archrean regions of Northern 
Michigan and also with a copy of the manuscript of his still unpub­
li~:~hed report on this region. I have also to acknowledge the receipt 
from Dr. A.. R. C. Selwyn of a series of small specimens illustrative of 
the crystalline schists of East and West Canada. During the early 
part of April I visited Washington to confer with the Director of the 
Survey with regard to the future arrangement of my work. 

Mr. Merriam is the only assista,nt on my division of the Survey who 
has. been employed constantly throughout the year. The following 
have been employed on a per diem salary such times as their services 
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were needed: Assistant Geologists C. R. Van Rise, C. W. Hall, W. W. 
Daniells, and W. M. Chauvenet; as office as8istants, T. A. Polleys, N. M. 
Thygeson, J. Phillips, and J. R Thompson; besides a number of 
woodsmen, canoemen, and packers. 

All of which is respectfully submitted. 
ROLAND D. IRVING, 

Ron .. f. W. PowELL, 
Geologist. 

Directm· United States Geological Survey, Washington, D. 0. 

REPORT OF DR. F. V. HAYDEN. 

UNITED ST A'l'ES GEOLOGICAL SURVEY, 

MON1'ANA DIVISION, 

Philadelphia, July 1, 1885. 

SIR: I have the honor to submit herewith a summary of the opera­
tions under your direction in the Upper Missouri region for the year 
ending J nne 30, 1885. 

During the preceding year the field work consisted of a general re­
connaissance along the line of the Northern Pacific Railroad betw~en 
Bismarck, Dakota, and Helena, Montana, which was preliminary to the 
more detailed work undertaken during the past season. 

The broad area drained by the Missouri River and its branches on 
the eastern flanks of the Rocky Mountains is ''ery largely a level prairie 
country, in which the strata are horizontal, or approximately so, for the 
most part. In this area the Cretaceous beds and the Laramie Group 
are the principal formations exposed. As we appr·oach the main Rocky 
Mountains, the otherwise monotonous level becomes broken by a num­
ber of apparently distinct elevations, which form somewhat limited 
ranges, and afford excellent opportunities for the study of the geological 
structure of the country, as an extensive series of formations from the 
Archman upward is usually exposed. Among these ranges in the area 
between the Yellowstone and Missouri Rivers are the Judith, Snowy, 
Little Snowy, Crazy, Highwood, Little Belt, Big Belt, and Bridger or 
East Gallatin Ranges. The latter lies on the east side of the Gallatin 
Valley, and in its present form is the eastern side of an anticlinal fold, 
from which the western half has been swept away by erosion. It rises 
conspicuously from the valley, having a trend at the south end almost 
north and south, gradually turning to the northwest as the range is fol­
lowed to the north ward. 

The southern end presents a fine example of a complete overturn, in 
which the complete series of strata is tipped beyond the vertical. 

The beautiful Gallatin Valley, stretching westward from the base of 
the range to the Three Forks of the Missouri, is determined by the 
former presence of a lake-basin, like many others in the Rocky Mount-
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ains, proof of the existence of which is seen in the remnants of deposits 
of fine sands and light-colored marl. 

The region between the Bridger or East Gallatin Range and the Three 
Forks of the Missouri was selected for the initial work because it con­
tains within its limits probably some of the best exposures of the rocks 
of the Northwest, representing the entire geologic scale extending from · 
the presumably Archrean gneisses to the sands and loose superficial de­
posits of the Quaternary, thus affording one of the best opportunities 
for the study of the formations of the Upper Missouri region, andfacili· 
tating the making of the most complete section of the various beds. 

Owing to the fact that it was only after the middle of July that the 
appropriations for work. were available, it was the 1st of August before· 
I was able to take the field at Bozemap, with Dr. Peale as my assistant. 

Before the end of the first week in August the arrangements for field 
work were completed and we began work at the south end of the range. 
After some preliminary work along the western side of the range we 
proceeded to the junction of the East and West Gallatin Rivers, as this 
appeared to be the best locality to begin the study of the lower part of 
the geologic section. . 

As far back as 1860, Archrean, Silurian, and Carboniferous rocks 
were identified in the region adjacent to the Three Forks, and in 1872 
considerable additional information was added to the data previously 
obtained. 

The fossils collected then were mainly of Silurian age, and were dis-
#'· cussed by Professor Meek. Still the stay in this region at that time 

was so short that the section could not be completed in detail. After 
obtaining data for this purpose during last season, we returned to the foot 
of the Bridger or East Gallatin Range about the 1st of September, with 
the intention of completing the study of the western side of the range. 
The weather, however; soon became so stormy that no work could be 
done, and snows coming on early, it was· decided to postpone the field 
work to another season. Dr. Peale employed the remainder of the month 
of September in examining various spring localities in Montana, and 
came east early in October. A brief resume of the formation examined 
during the season may be included here. 

Like most of the mountain ranges in the Upper Missouri region, the 
Bridger or East Gallatin Range has a nucleus of Archreari rocks, not differ­
ing materially from those found in other portions of the extreme North­
west. They crop out beneath the sedimentary beds along the western 
side of the range for a distance of about 10 miles, occupying about a 
mile in width at the widest portion. The examination of the range not 
having been completed, it will suffice to say here -that the rocks are 
mainly gray and red gneisses, which show distinct lines of stratification; 
and, although probably not conformable, dip in the same direction as the 
overlying sedimentaries, the lower beds of which are probably Silurian 
in age. 

6 GEOL-4 
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.At the northern portion of the exposure the dip is normal, but as 
the south end of the range is approached the gneisses are overturned, 
together with the outlying sedirnentaries. 

The major portion of our time in the field was devoted to the study 
of the Cam brian rocks, which are well exposed near the mouth of the 
East Gallatin River. 

A complete section was made here by Dr. Peale, and two litholog­
ically well defined groups (separated by a quartzitic sandstone) were 
studied. To the lower one, which was carefully searched, without suc­
cess, for organic remains, the name of East Gallatin Group has been 
provisionally applierl. It is composed of a series of alternations of 
green and greenish-gray micaceous sandstones and clay slates (almost 
argillites), with thin bands of laminated limestones; 2,300 feet of these 
beds were sectionalized in detail without any traces of fossils being 
found. 

The sandstones are in heavy beds and pres~mt a somber appearance, 
weathering on exposed surfaces to steel-gray and almost black colors 
and frequently breaking into cubical blocks. The slates are blue, yel­
lowish-olive, green, and at some places red. In the limestone a con­
cretionary structure is frequently noticed. For the upper group, lying 
above a well defined pink quartzitic sandstone, we have retained the 
name Potsdam. Green and dark purplish-red micaceous shales, mostly 
arenaceous, with occasional thin bands of limestone, make up this group, 
and many of the beds are highly fossiliferous. The collections have not 
been carefully studied yet, and we therefore simply refer to them in this 
general way at this time. 

The central portion of the Bridger or Gallatin Range, from Reese Creek 
to the northern end, is composed almost entirely of the beds we have re­
ferred to the East Gallatin Group. The micaceous sandstones are some­
what more conglomerittc than are the same beds in the more western 
area, and are especially so at the south end near Reese Creek, where 
they often contain la.rge angular masses of included gneisses, which 
upon a cursory examination do not appear different from the gneisses 
in the southern half of the range. .At the latter place the East Galla­
tin Group is absent, as the Silurian(?} limestones apparently rest im­
mediately upon .the gneissic rocks. 

The study of this portion of the range was abruptly terminated by 
the early appearance of the snows, and the problem at present remains 
unsolved. 

The Silurian section, which is best exposed north of the East· Gallatin, 
is perfectly conformable to the underlying beds. Its beds have not as 
yet been studied in the same detail as have the Cambrian .. The total 
·thickness as deduced from our investigations of last summer is probably 
about 800 feet. The beds consist of v.ery hard blue laminated lime­
stones at the base, passing up into gray, blue, and brownish limestones 
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generally in the massive beds, with a few bands of the sandy shales. A 
part of the lower beds may be Potsdam. 

The upper beds are more arenaceous, and have a persistent bed of 
gritty limestone or highly calcareous sandstone: it is sometimes diffi­
cult to say which it is. The lower beds are the only ones that up to the 
present time have yielded any organic remainR, and they are highly 
fossiliferous. 

One of the most important results of the summer's work was the 
identification of Devonian strata in the area north of the East Gallatin. 
The fossils collected were examined by Mr. C. D. Walcott, who identified 
twenty-three species. Of these be says: "Twelve are identical with 
the species occurring in the Upper Devonian of the Eureka district of 
Nevada; of the others, two are Upper Devonian species in New York 
State, and one, Athyris hirsuta, occurs at the base of the Carboniferous 
in the Eureka district. There is also a species of Athyris too imperfect 
for determination. The remaining forms are lamellibranchs belonging 
to five genera, and the species closely resemble those of the Lower Car­
boniferous of the Eureka district." 

We supposed when these fossils were found that they were at the base 
of the Carboniferous. They occur in a series of argillaceous and calcare­
ous shales, with thin bands of limestones and yellow sandy beds, with 
gray sandstones at the top. The lower shales are greenish and purplish 
ill color. Below these are massive yellow and gray limestones that ex. 
tend down to the black gritty beds which we have for the present assumed. 
as the upper limit of the Silurian. In 1872 collections were made in this 
region (principally on the south side of the Gallatin Valley) which were 
examined by Prof. F. B. Meek. The fossils had considerable resemblance 
to Devonian forms, but he regarded the whole collection as belonging 
to the lower part of the Carboniferous, because no strictly Devonian 
types were contained among them. At the same time, however, he 
stated his belief that they were referable to a lower horizon than the 
Carboniferous collections brought in at the same time from adjacent 
portions of Montana. 

In the light of the fossils collected last season, there can be but little 
doubt that the beds from which the specimens of 1872 were taken rep­
resent a portion of the Devonian; however, the determination of the 
fossils of last year's collection by Mr. Walcott enables us to make the 
first positive identification of the existence of Devonian strata in the 
Rocky Mountain region of .Montana. 

The work of next season will enable us to complete the section in de­
tail. The limited time at our disposal having been devoted, as already 
indicated, to the lower portions of the section, we were not able to add 
much to our knowledge of the details of the Carboniferous,·Jurassic, and 
Cretaceous formations. The Carboniferous consists mainly of heavy 
bedded blue-gray limestones, occupying a considerable area north of 
the East Gallatin, and forming, in great part, the summit of the Bridger 



52 ADMINISTRATIVE REPORTS BY 

or East Gallatin range. At the upper part is a heavy bed of quartzite, 
above which arenaceous limestones occur, carrying Jurassic fossils, 
among which Rhynchonella myrina, Belemnites densus, Ostrea strigile~ula, 
and Oamptonectes bellistriatus were most abmidant. 

This group is coextensive with the Carboniferous, not only at the 
locality just described, but in the Bridger or East Gallatin range. In 
the latter place the lithological characters appear to be different, but 
our data are not yet quite sufficient to determine the reasons for the 
changed conditions. 

The upper portion of the Jurassic grades into sandstones, upon which 
rests a quartzite which we recognize as the Dakota Sandstone. 

Above this is a series of shales and sandstones, with some beds of 
limestone, which we refer to the Cretaceous without as yet attempting 
to make out the various subdivisions, for the fossils have not been 
found to warrant it. A few have been found in some of the upper beds 
·which present the facies of the Fort Pierre group, but still the beds are 
somewhat different from those usually so referred and some of the fos· 
sils appear to be new. 

Above these beds lies the "Coal group" (so named in 1872), which 
stretches from the east side of the Bridger or East Gallatin range to the 
Crazy Mountains. A small basin of these beds also 1ies north of the 
East Gallatin, and from the latter a few fossils, possibly of Laramie 
age, were obtained in the coal beds outcropping here. Southeast of 
Bozeman, near Bozeman Pass, the same coal beds are quite extensively 
mined. The exact determination of the age of this group is one of the 
problems still to be determined. The proximity of the deposits to what 
was once a shore line has caused not only a thickening of the sediments, 
but a great change in their quality and composition. 

In nearly all the valleys of the Upper Missouri region we find a 
greater or less development of lake deposits in basins which range in 
size from a few acres to many square miles. They are usually found 
along the courses of the rivers. The Gallatin Valley is one of these 
basins, and the lake which once covered it extended from the flank of 
the Bridger or East Gallatin range and ·the hills southeast of Bozeman 
westward and northward~ taking in the main portion of the area drained 
by the Three Forks and closing up in the canon just below the junction 
of the GaiJatin, Madison, and Jefferson Rivers. 

The deposits now i'emaining are but small remnants of the original 
mass. When the cafion of the Missouri was worn through, the lake was 
drained, and during this process and subsequently several hundred feet· 
of light-colored marls and sands were carried down the Missouri River. 
Traces of these beds are now found in the vaiJeys of the three rivers, 
which for twenty or thirty miles above their mouths are not very widely 
separated. 

The space at !fOmmand here will permit only a brief reference to their 
occurrence on the east side of the Gallatin Valley. They are best ex· 
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posed just east of Bozeman, where they consist mainly of fine-grained 
sandstones, with occasional conglomeritic beds, the entire thickness 
reaching from 600 to 800 feet. 

On Dry Creek; 15 miles farther north, the lower beds are coarser 
and rest on white limestones, which are conformable and dip slightly 
toward the south. In most places the beds are nearly horizontal, but 
jnclined enough to show that, although they were laid down since the 
great outlines of the mountains ha1l reached nearly their present con­
dition, still there has ·evidently been some movement since their depo­
sition. Whether the beds are of Miocene or of Pliocene age cannot 
be positively stated, as there is no proof at present as to either view. 
They have generally been referred to the Pliocene, and as there is not at 
present any evidence to the contrary, we will so consider them. · As to 
the Quaternary, our studies up to the present add but little to our knowl­
edge. It is doubtful if there is any proof of a general or traveled drift 
in the Gallatin Valley.· On some of the highest hills made up of the 
Pliocene beds, coarse, angular, and smooth water worn pebbles occur, 
many of them igneous rocks similat to those found in place in the 
mountains some distance to the southward. The drift in the more open 
and level portions of the valley is probably all local in its origin, being 
derived from the Gallatin Mountains bordering the southern part or 
edge of the valley. As we recede from them this drift becomes finer. 
Along the streams the alluvial deposits are prominent and give to the 
valley some of its best farming lands. Towards the north these allu· 
vial areas are largely increased in size. 

This brief resume will be sufficient to indicate in a general way the 
character of the rocks in the region selected for our initial work, and 
in which we hope to complete a dAtailed section during next season. 
It is doubtful whether any other area in the Upper Missouri region 
presents better facilities for this purpose. 

Our office work .during the winter bas consisted mainly of the study 
and revisiqn of the notes of the summer's work. In addition to this, 
Dr, Peale bas prepared a statistieal paper on the mineral waters of the 
United States, which will appear i.n the forthcoming report on the Min­
eral ;Resources of the United States. 

Progress has also been made on the bibliography of mineral waters. 
Mr. L. Withers, who was detailed early in the winter to assist Dr . 

. Peale, has rendered efficient service. 
Very respectfully, your obedient servant, 

Ron. J. W. PowELL, 

F. V. HAYDEN, 
Geologist. 

1Jireotnr United States Geological Survey, Washington, 1J. 0. 
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PEPORT OF MR. ARNOLD HAGUE. 

UNITED S'I'ATES GEOLOGH1AL SURVEY, 

YELLOWSTONE PARK DIVISION, 

JJ1ammoth Hot Spr·ings, Wyoming, July 1, 1885. 

SIR: I have the honor to submit herewith the following report of ope· 
rations conducted under my charge during the year ending J nne 30, 1885. 

Field work in the division of the Yellowstone National Park bas been 
confined to the Park and the country immediately adjoining its borders. 

On June 20, 1884, Mr. C. D. Davis reported to me, in New York, and, 
after a few days occupied in making the necessary preliminary prepa­
ration, proceeded to Bozeman, Montana, to thoroughly equip a camp 
for the season's work. Under your instructions I left New York for the 
Park, reaching Mammoth Hot Springs July 23, where I met Mr. Davis, 

. who had already established camp awaiting my arrival. 
.A.t the Mammoth Hot Springs I remained several days, planning 

field work and arrauging for a vigorous and energetic examination of 
the country, with the intention of keeping in the field one and fre-

. quently two and three side parties away from the main camp. The or­
ganization of the party was an efficient one for the work and consisted 
of the following assistants: In geology, Mr. Joseph P. Iddings, Mr. W. 
H. Weed, and Mr. George M. Wright; in chemistry, Dr. F . .A.. Gooch; 
in physics, Dr. W. H. Hallock; and Mr. C. D. Davis, special disbursing 
agent and g·eneral manager of the camp. Mr. W. E. Sanders, of Helena, 
Montana, a student from the School of Mines of Columbia College, 
served as a volunteer assistant during his summer vacation. 

The first main camp after leaving the Springs was established on In­
dian Creek, a branch of the Gardiner River, from which place I made a 
general reconnaissance of the Gallatin Range. This range lies in the 
northwest corner of the Park, and is of special interest, as it constitutes 
a well defined western rim of the plateau country and is the only range 
of sedimentary rocks rising above the great volcanic flows which nearly 
everywhere cover the Park. 

Geological interest in the range centers in the remarkable intrusions 
of igneous rocks found penetra~ing the whole series of sedimentary beds 
from the Silurian to the Colorado Cretaceous. Indeed, they form such 
large masses as to be but little inferior to the Paleozoic and. Mesozoic 
strata. The study of these intrusive and interbedded crystalline.rocks 
in connection with the neighboring massive flow will he of great sci­
entific interest, and some important results may be looked for from a 
thorough examination· of the material collected. 

Erosion bas played an active part in bringing about the present 
physical features of the range and the whole mountain region has been 
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greatly modified by ice action. The glacial phenomena are worthy of 
special study. 

I was desirous of examining the mountains for any indications of 
mineral deposits that might occur there, in order that, if the boundaries 
of the Park were to be defined anew .by law of Congress, the propriety 
of still including the range within the reservation might be fully un­
derstood. Nothing in this preliminary survey led me to believe that 
there existed any good and sufficient reason for throwing the Gallatin 
Range open to settlement. On the contrary, its great beauty and its 
numerous haunts of large game convinced me of the desirability of re­
taining the country within the national reservation. 

From the Gallatin Range I moved southward, remaining some days 
at the Norris Geyser Basin, and thence to the Lower Geyser Basin, 
where I made a permanent camp. From here the main party moved to 
the outlet of Yellowstone Lake, while a detachment established a 
camp in the Upper Geyser Basin. The party at the Geyser Basin con­
sisted of Dr. Hallock, Dr. Gooch, and Mr. Weed, their special duties 
being a continuation of the studies of the previous summer upon the 
geysers and hot springs of that famous locality. Leaving most of the 
party at the lake, I started on August 30 to make a reconnaissance sur­
vey of the area of country lying between the present southern bound­
ary of the Park and the forty-fourth parallel of latitude, a belt of 
country about eight miles in width. 

The special object of thi8 trip was to examine the country with refer­
ence to the advisability of extending the area of· the national reserva­
tion to the line mentioned. This involved questions as to the geological 
character of the region, the probability of its ever becoming a mining 
country, th.e value of its timber and the necessity of its preservation, 
and also whether there was any land that would ultimately be needed 
for the purpose of settlement. My main route of travel followed the 
cont.inental clivide lying between the Yellowstone and Lewis Lakes, 
thence down Snake River to Jackson's Lake, situated just south of the 
proposed boundary. From here I desired to move eastward over the 
mountainous country lying between Jackson's Lake and the waters of 
the Upper Yellowstone, recrossing the Great Divide through Two Ocean 
Pass, made famous by the traditions of the earlier mountaineers and 
trappers. It ha8 only been visited by a few adventurous travelers, and 
will probably long remain buried among the more inaccessible recesses 

. of the Rocky Mountains. General Raynolds makes mention of it in hi3' 
report of the explorations of the Yellowstone in 1868, his interest in is 
being aroused by his guide, the famous Jim Bridger. He failedJm_w­
ev~, to penetra~conutry. Both ~and Dr~~ 

·passed through it on their wa south from the Yellowstone Lake, but 
they both kept to the mountains and crossed Twogotee Pass to the 
headwaters of Wind River. I was unable to learn of- any one who had 
cors8ed directly from Snake River to the Yellowstone, and the few 
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prospectors and trappers met in the neighborhood genera1ly spoke of 
the country as a rough and unknown region~ barely possible to travel. 

I determined, however, to follow up Pacific Creek and take as direct 
a course as possible to its sources in the meadows described by Dr. 
Hayden. From the information I had gathered and the erroneous 
character of the maps I was prepared for a difficult bit of travel. I 
found, to my surprise, with the exception of one or two miles of rough 
country, that the stream could be followed without any serious hin­
drance to its source in the broad meadows, high up in the mountains. 
From this same meadow a small stream, known as Atlantic Creek, 
flows eastward, and empties its waters into the Upper Ytllowstone. 

Unfortunately we were caught on the summit in a severe snow-storm, 
although early in the month of September. Snow to the depth of 15 
inches covered the ground. This not only caused a delay, but pre­
vented us from determining accurately the conditions governing the 
supply and discharge of the waters. It is probable that the divide be­
tween Atlantic and Pacific Creeks is but a few inches in height. The 
conditions observed here are not unlike those seen in many places on 
flat, plateau-like country, the difference being that here they are on a 
grander scale and more than usually striking and impressive. The 
place is one of great beauty. If the Park limits should be extended to 
the Forty-fourth parallel, Two Ocean Pass will be within t~e reserva­
tion. 

Owing to the heavy snowfall in the mountains, the delays caused by 
the storm, and the consequent running short of provisions, I deemed it 
prudent not to cross the Sierra Shoshone Range, but to join the main 
party at the north end of the lake. With this intention I followed 
down the Upper Yellowstone, skirted the east shore of the lake, and 
forded the river fi ~e or six miles below its outlet. I reached camp Sep­
tember 14 . 

..A. few days later the party stationed in the Upper Geyser Basin, 
having completed the wo:r:k for the season, returned to the main camp. 
On September 19 the camp broke up at the lake, the main party re­
turning to the Mammoth Bot Springs by slow marches. With a small 
party I recrossed the Yellowstone River, in order to explore the little 
visited country lying between the Grand Canon and Amethyst Mount­
ain. It is a rough country, for the most pa'i-t heavily timbered, and 
remarkable for its many areas of both active and extinct thermal 
springs. They proved to be of great interest, but not so impressive as 
those in the more frequented portion of the Park. Late in September 
the two parties came together at the Mammoth Hot Springs. On Oc­
tober 2, I started for New York, with Dr. Gooch and Dr. Hallock, leav­
ing the rest of the force in the field with instructions to remain till 
about the middle of the month unless forced to leave off work by the 
inclemency of the weather. Daily snow storms, however, compelled 
them to abandon the fielu, and they left the Park on October 9, reach-



HAGt:E.] THE HEADS OF DIVISIONS . 57 

ing Livi,Qg~ton by the train on the branch roau from Cinnabar. Mr. 
Davis immediately returned to Boze~a~_to,~tore th~amp_.ruoperty and 
to close up all business for the season. - ~ AA ~ r "'~'</ . 

The field season in the Yellowstone Park, although limited to abont 
eleven weeks, was in nearly every respect successful. Special attention 
was given to the volcanic rocks of the plateau anu those encircling the· 
Geyser Basin and Yellowstone Lake. The relations of the glassyvari­
eties of the acidic rocks, which form such characteristic masses in the 
Park, to the more crystalline products have been carefully worked up. 

Dr. F. A. Gooch rendered most efficient aid in his special department 
by his untiring energy and the suggestiveness of his inquiries. His 
attention was confined almost exclusively to chemical questions con­
nected with the thermal waters of the geyser basins and Mammoth Hot 
Springs. A large number of samples of waters were collected from the 
most characteristic geysers and springs. Many of these geyser waters 
from the different basins were carefully evaporated in a copper still on the 
ground, and the concentrated material was shipped to the chemical 
laboratory in Washington for complete analysis with the intention of 
testing the waters for the rarer alkalies and heavy metals. I desire 
to determine, if possible, whether any ditlerence, however slight, exists 
in the waters from the Upper Geyser Basin, Lower Geyser Basin, and 
the Norris Basin. While I do not look for any characteristic differ­
ence, the result of the analyses will throw much light upon the ques­
tions connected with the source of the thermal waters. Much attention 
was given to the examination and relations of the great variety . of 
secondary products derived from the action of these waters upon the 
surrounding rocks. Large collections of material were made for study 
and analysis in the laboratory. The phenomena connected with the 
thermal activity in the Park will for many years present problems of 
interest to geologists and chemists. 

Dr. Hallock continued his investigations of the previous year upon 
the physics of geyser action. His determinations of the temperatures 
in the geyser vents and deep seated reservoirs by thermo-electric meth­
ods were successful and the results when published will prove of great 
interest. While in general his observations confirm the Bunsen theory 
of geysers, a study of the varied phenomena exhibited in the Park has 
made it possible to add much that is new to our knowledge of their 
mode of action. · 

No marked changes were noted during the year in any of the hot­
spring areas of the Park, although variations of temperature and in some 
cases the dying out of small springs were observed. In the latter case 
the waters frequently found other vents in the immediate neighborhood. 
The most notable changes have occurred at the Mammoth Hot Springs. 
Springs that were known to have been active from 1871· to 1883 have 
become extinct during the past year. After a careful survey of the 
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whole field I fail to discover any diminution, on the whO'le, in the activity 
of the springs or in the discharge of hot waters. 

It may be well to make special mention here of the Broad Creek 
area of hot springs. The locality is one which has been little visited 
awl is most difficult to find. The springs are situated in a trough-like 
expansion of the ravine of the main stream and that of a small trib­
utary branch. Decomposition has thoroughly altered the rhy--lite of the 
ridges into a soft earthy material of brilliant shades of red, yellow, and 
white, only surpassed by the Grand Canon. Active sulphur vents 
cover the slopes of the bills over several acres of ground. The most 
noticeable spring I named "The Whistler," from the loud noise caused 
by a powerful steam jet issuing from an orifice 1-k inches in diameter 
awl flaring above into a funnel-shaped opening. 

The vent is on the right bank of the stream and about 10 feet above 
t.he water. A column of steam 90 feet in height is forced upward with 
a sluill powerful whistle On the opposite side of the stream there is 
an active boiling pool of clear water 10 by 12 feet in diameter. Although 
not seen in action, all the evidence indicates that it is the basin of an 
active geyser . 

.ln regard to the definite boundaries of the Park, upon which final 
action must soon be taken by Congress, I have no further suggestions 
to add to those already expressed in my former reports. A more accu­
rate knowledge of the country confirms me in my previous judgment 
as to the proper limitations of the national reservation. These sug­
gestions were em bodied in Senator Vest's bill providing for the regula­
tion and improvement of the Yellowstone National Park, which, how­
ever, failed to become a .law during the last session of Congress. 
Numerous letters and conversations with people interested in the Park, 
advocating either a reduction of the present area or a still further en­
largement than that contemplated in the bill, make it clear to me that 
the interests of the Park are best subserved by adopting the boundaries 
proposed in the recent bill before Congress. In my opinion the bounda­
ries of the Park should be defined practically as follows : 

The northern boundary, starting at the one hundred and eleventh 
meridian, should coincide with the forty-fifth parallel of latitude to the 
intersection of the meridian 109° 30', thence due south along said me­
ridian to the forty-fourth parallel, thence due west along said parallel 
to its point of intersection with the meridian 1110, thence due north 
along said meridian to the place of beginning. 

Upon the arrival of my assistants in New York, preparations were 
immediately begun to pack the large collections accumulated in the 
rooms occupied by the Geol()gical Survey in the American Museum of 
Natural History. Among others, this included the collections of the 
''Geological Exploration of the Fortieth Parallel," which have recently 
been placed in the National Museum at Washington. 
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The office having been removed to Washington, the early part of the 
winter was occupied in arranging anew the collections forwarded from 
New York, after which work was begun on the notes and materials 
of the previous season. 

In connection with other work Mr. Iddings has made a careful micro­
scopic examination of the obsidians and volcanic glasses which form 
such enormous masses in the Park and which bear directly upon many 
of the geological problems of the region. His work, however, is a 
special study upon spherulitic structure and -the mode of occurrence of 
the so~called " lithophysre," so characteristic of the acidic glasses of 
obsidian cliffs. 

In February I submitted for your approval for publication a paper 
by Mr. Joseph P. Iddings and myself entitled-" On the development of 
crystallization in the igneous rocks of Washoe, Nevada, with notes on 
the geology of the district" which forms Bulletin No. 17. It presents 
the results of a searching investigation upon a large amount of material 
from Mount Davidson and the Sutro Tunnel, showing the gradual transi­
tion from the glassy to the granitic structure. The facts brought out 
appear to me to warrant the assertion that difference in structure in ig­
neous rocks of the same chemical composition is mainly the result of 
consolidation under varying degrees of heat and pressure. In other 
words, the degree of crystallization is an expression of the rate of cool­
ing and is independent of geological age. 

Very respectfully, your obedient servant, 

Bon. J. W. POWELL, 

ARNOLD HAGUE, 
Geologist in Charge. 

Director United States Geological Survey, Washington, D. 0. 

REPORT OF CAPT. C. E. DUTTON. 

UNITED STATES GEOLOGICAL SURVEY, 

VOLCANIC DIVISION, 

Berryvale, near Mount Shasta, Gal., June 30, 1885. 
SIR: I have the honor to submit the following brief report of the 

work perforned by me and under my supervision during the fiscal year 
ending this day. 

It has been in contemplation for the last two years that I should un­
dertake the study of the Cascade Range. Preliminary thereto it was 
necessary that a certain amount of progress· should be made in the 
preparation of suitable maps of the region in question, and these were 
begun by the topographic force, under the charge of Mr. Gilbert Thomp­
son, in the year 1882. Some fragmentary material suitable to the pur­
pose had been obtained by the survey under Lieut. G. M. Wheeler, 
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United States Engineers, and proved to be of great service. It covered, 
however, only a small part of the area under consideration, and a more 
extended and complete survey was planned and begun under Mr. Gilbert 
Thompson and carried forward by Mr. M. B. Kerr during the years 
1882-'83-'84. 

Meantime it was thought desirable to obtain some preliminary view of 
the most conspicuous and easily recognizable geological features mad­
vance of the completion of any part of the map. Accordingly, with your 
approval, I instructed Mr. J. S. Diller, in 1883, to organize a small party 
at Mount Shasta, and to proceed thence up the eastern side of the Cas­
cade Range, along the border of the Klamath Lakes and the valley of 
the Des Chutes River as far as the Dalles of the Columbia, and to cross 
near MountHoodintothe valley of the Willamette and return southward 
up that valley to his starting point. This journey Mr. Diller accom-. 
plished under great difficulties and with much credit to himself. Un­
fortunately the rainy season overtook him before the journey was com­
pleted and interfered much with his work. But he brought back with 
him information of great service in planning subsequent and more sys­
tematic work. 

In 1884 Mr. Diller began a detailed study of Mount Shasta and the 
country immediately adjoining it. In the course of the season he suc­
ceeded in discriminating the various masses of which it is composed so 
far as now disclosed to view and in determining their lithologic char­
acters. He also ascertained the characters and relations of the lavas 
emanating from the parasitic cones and from the vents which are scat­
ten~d thickly around its base and flanks. The physical features of the 
mountain, its structure, its glaciers, and its fragmental ejecta were also 
studied with great care, and all these results have been delineated by 
him upon a provisional map. The map represents an area of 400 square 
miles where the difference of elevation is 11,000 feet. An examination 
of the country on all sides of Mount Shasta, but especially in the Shasta 
Valley and Pitt River region, resulted in the discovery of coal in the 
Chico group of the Cretaceous formation. On Mr. Diller's return to 
Washington a petrographic laboratory was fitted up under his direc­
tion and supplied with the apparatus necessary tor the investigation 
of rocks according to the most approved methods. In one room 
mineral analyses of rocks are made by means of heavy solutions, an 
electro-magnet, etc., and chemical reagents. Another room is set apart 
for the investigation of the crystallographic and optical properties of 
minerals and the determination of rocks by microscopical researches. 
During the year numerous rocks were identified and described for vari­
ous geologists of the Survey. The eruptive rocks found in Kentucky 
proved to be peridotites of considerable importance, and will be fully 
described in a bulletin. 

In consequence of much interesting information brought back by the 
to~ographic parties that had been engaged in. making the map of the 
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portion of New Mexico which embraces Mount Taylor, it was deemed 
ad vi sable that I should visit that locality for the purpose of stud;ving 
the remarkable features there presented. I left Washington July 1, 
1884, for Fort Wingate, and organized a small party, with which I pro­
ceeded to Mount Taylor and spent five or six weeks in its vicinity. The 
remainder of the season was devoted to the study of th~ Zuni Mount­
ains, which arc hard by Mount Taylor. The results obtained by the 
season's work have already been put into the form of a memoir, which 
has been transmitted to you for publication as a paper connected with 
this report. The preparation of this memoir occupied the entire winter 
and spring. 

The occurrence of several notable earthquake tremors in the Atlantic 
States last summer and autumn, and the fact that they are much more 
numerous than is generally supposed, led to some preliminary measures 
looking to the establishment of systematic observations of such phe-, 
nomena. A consultation was held with Prof. C. G. Rockwood, of Prince­
ton, Mr .. W. M. Davis, of Harvard, Prof. Cleveland Abbe, of the Signal 
Service, and Mr. H. M. Paul, of the Naval Observatory. It was the 
opinion of all who took part in the conference that the only practicable 
scheme was to rely upon the voluntary and unpaid co-operation of indi­
vidual observers who might be induced to devote the necessary time and 
attention to it; also, upon the assistance of such astronomical observa­
tories as might be disposed to watch and read the instruments and their 

. records, and upon the assistance of the Signal Service and other Gov-
ernment bureaus which have permanent stations scattered throughout 
the country. It was thought that the Geological Survey might furnish 
the observers with instruments and receive the reports. As the obser­
vation~!! would require to be very numerous and well scattered in order 
to be of value, some suitable instrument was needed which should be 
inexpensive and simple and require the minimum of care and attention. 
As none such was known, Mr. Marvine, of the Signal Service, kindly 
offered to attempt to devise one. The task was a difficult one, but he 
at length produced a design which see,med so well adapted to the case 
that a model was ordered and was nearly complet(ld at the time of my 
departure from Washington. Mr. W. M~ Davis also began a bibliog­
raphy of earthquakes, which was much needed in this connection; and 
for this undertaking grateful acknowledgment is due to General Hazen, 
the Chief Signal Officer, for his courtesy in furnishing a large number 
of titles. 

I have to regret that the unusually severe pressure of geological office 
work did not permit me to devote as much time to the organization of 
these observations as I could have wished, but in the absence of suit­
able instruments very little could be accomplished in this direction. It 
is my hope to be able to take it up with energy after my return from 
the field next autumn. 

On the 18th of May I left Washington for northern California to enter 
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upon the study of the Cascade Range, and I am at present engaged 
upon it. The very brief time thus far spent only enables me to report 
that I have made a very interesting visit to Lassen's Peakl and found 
many instructive themes of study. These will be duly reported upon 
in the future. 

Very respectfully, sir, your obedient servant, 

Ron. J. W. PoWELL, 

C. E. DUTTON, 
Captain of Ordnance. 

Director United States Geological Sttrvey, Washington, ]). 0. 

REPORT OF MR. S. F. EMMONS. 

UNI'l'ED. S1'ATES GEOLOGICAL SURVEY, 

RoCKY MouNTAIN DIVISION, 

Washington, D. 0., June 30, 1885. 

SIR: I have the honor to submit the following report of operations 
in the division of the Rocky Mountains mining geology, under my 
charge, for the fiscal year just completed. 

The scientific corps of the division-was strengthened at the commence­
ment of the year by the addition to its number of Mr. George H. El­
dridge, formerly geologist of the Northern Transcontinental Survey, 
who fills the vacancy caused by the resignation of Mr. Ernest Jacob in 
the previous year. With this exception the working force remains the 
same that it was at the date of my last annual report. 

FIELD WORK. 

The geological investigations in this division for which the field work 
was as yet uncompleted at the commencement of the year were those 
of the Denver Basin and of the Gunnison or Crested Butte region. 

The geological examination of the former region had already been car­
ried as far as it could be done to advantage without a detailed map .. 
The field work for this map was nearly completed at the end of the last 
fiscal year, when Mr. Karl was summoned to Washington, to be assigned 
to topographical duties in Massachusetts. It is now expected that these 
topographical data will have been plotted, so that the map can be used 
in the field during the coming autumn, after the close of the season for 
work in the mountainous region around Crested Butte, and that the 
geological report on the region can then be rapidly prepared for the 
press. 

In obedience to your instructions,.! took the field in the Gunnison or 
Crested Butte region about the 1st of August, with a mixed party of 
geologists and topographers. The former consisted of Messrs. Cross, 
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Eldridge, Eakins, and Smith; the latter of Mr. W. H. Leffingwell, to 
whom had been assigned the duty of completing the work left unfin­
ished by Mr. Karl the previous season, and the party left by the lat­
ter, consisting of Messrs. Diir, Thompson, Van Diest, and Waters, with 
Na>al Ensign Wilkinson. The topographical work was finished, and 
that portion of the party broken up early in September, the geologists 
continuing in the field until driven away by snow early in October. Af­
ter this time Mr. Eldridge made some sections of the Paleozoic forma­
tions in the Arkansas Valley, in order to establish a geological connec­
tion between the deposits of the eastern and western slopes of the Rocky 
Mountains, while Messrs. Cross and Smith went to the Leucite Hills of 
Wyoming to obtain a series of educational specimens from that locality, 
and study more carefully than had hitherto been done the geological re­
lations of those singular rocks. 

The geological work in the Gunnison region was necessarily not final, 
as the topographical basis upon which field observations could be actu­
ally plotted was not yet completed. The admirable reconnaissance ob­
servations of Mr. W. H. Holmes, made under the auspices of thB Hay­
den survey in 187 4, and his graphic illustrations of the great fault-fold 
of the Elk Mountains, are already familiar to geologists, and are in them­
selves sufficient to show the necessity of a carefully detailed study of this 
region from a purely structural point of view. The immense develop­
ment of intrusive masses of igneous rocks of earlier age than the ·Terti­
ary volcanics, and their relation to the formation of ore deposits, which 
have been suggested by my investigations in the Leadville region-points 
which, owing to the limited development of microscopic petrography at 
the time of his investigations, necessarily secured but lit,tle attention­
have a great importance from a purely scientific as well as from an 
economic point of view. Further than this, the large development of 
ore deposits and of valuable beds of anthracite and good bituminous 
coking coals in the region render its accurate examination of the great­
est economic importance to the whole Rocky Mountain region. 

In carrying out this work, which, from the great complexity of the 
geological problem, and the natural obstacles in the way of extremely 
high and precipitous mountains and short season in which field work 
is possible, will necessarily occupy a long time, my plan has been to as­
sign to Mr. Eldridge the study of the stratified and to Mr. Cross that 
of the eruptive rocks, reserving to myself the duty of correlating and 
generally verifying the work of each. In the short field season of the 
past year our combined energies were devoted primarily to determin­
ing accurately from paleontological and stratigraphical evidence the 
different geological formations. exposed in the region, which necessa­
rily involves a preliminary determination of the structural relations; 
and, secondarily, to the determination of the age and relations of the dif­
f~rent bodies of eruptive rocks, and to the collecting of sufficient speci­
mens for microscopical study. 
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Such determinations m~st of necessity be only provisory, in some 
cases consisting only in the establishment of two alternative solutions 
of a given problem, of which the true one must be sought by further 
investigation, map in hand. In the course of last summer's work, how­
ever, I observed two facts, hitherto unremarked by geologists who have 
visited the region, which have so important a bearing upon the history 
of the Rocky Mountain system as a whole that, although some further 
observations are still needed to render them complete, I think it is best 
to present them here in their incompleteness, since the suggestions they 
offer may be of use to other geologists. These facts are, first, the ex· 
istence of a nonconformity at or near the commencement of the Jura, 
and, second, the existence of land area subject to erosion, and a conse. 
quent nonconformity, near or before the middle of the Carboniferous 
period. In other words, there have been two dynamic movements in 
this region earlier than the close of the Cretaceous, whose influence, 
moreovt>r, was not of an exclusively local nature, but probably wide­
spread throughout the Rocky Mountain region, though not often pro­
ducing a sufficient discordance of angle to be very prominent. 

Jurassio nonooliformity.-The facts which prove the first nonconform­
ity are briefly these: The western two-thirds of the area covered by our 
map is occupied by Oretaceous beds; the eastern third, which is in the 
axis of the Elk Mountain uplift, consists of Paleozoic beds, with a 
very large development of igneous rocks throughout the whole area. 
The Dakota, or lower member of the Cretaceous, consists of a series of 
sandstones, often quartzitic and frequently of buff color, including the 
characteristic Dakota conglomerate, below which are a series of varie­
gated shales, with local development of limestone: succeeded by a sec­
ond heavy sandstone, often quartzitic in texture, the whole having a 
thickness of 500 to 800 feet. There can be no doubt, from its position 
below the black shales of the Colorado Cretaceous and from its litho­
logical character, that the upper part of the series represents the Dakota 
Cretaceous. The lower part corresponds very closely in lithological 
characteristics with the Jurassic formation as developed at the east 
base of the Rocky Mountains; it has, moreover, been considered Juras­
sic by the geologists of the Hayden Survey ; but as yet no paleonto­
logical evidence has .been obtained to prove this beyond all possibility 
of a doubt. This series of beds is extremely easy to trace by the strong 
contrasts of the hard white quartzitic sandstones with overlying soft 
blue-black shales of the Colorado Cretaceous, and almost equally as 
well defined in regard to the beds which succeed them on the east or 
below in geological horizon. At the northern edge of our map, along 
Copper Creek, at the north base of White Rock Mountain, these 
beds are succeeded below, in apparent conformity of angle, by the 
Red Beds and the conglomerates and limestones of the Carbonifer­
ous. As one follows the strike of the beds southward, along the west 
flank of the Elk Mountains, this series of white quartzitic sand-
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stones is found to come in contact with successively lower beds- first 
with the Carboniferous conglomerates and limestones; next with the 
siliceous beds, presumably Cambrian, beneath these; and finally in the 
southern portion of the map they rest directly on the Arch::ean. More­
over, in some pl_acPs, notably along the north wall of Cement Creek, 
they are seen to rest unconformably on the basset edges of the lower 
limestones. Whether the Red Beds represented here are .Triassic or 
simply the upper part of the Carboniferous it is as yet impossible to 
determine. However that may be, it is evident from the above facts 
that somewhere between the close of the Carboniferous and that of 
the Jurassic period (probably near the commencement of the latter) 
there was a dynamic movement here, by which land areas were formed 
and subjected to considerable erosion before the deposition of the Jura­
Cretaceous beds. 

The fact that on the Hayden Atlas of Colorado, Cretaceous or Juras­
sie beds are often colored as resting directly on the Arch::ean shows 
that this movement was probably widespread. I myself have observed 
quartzitic sandstones colored m the atlas as Dakota, and which are 
undoubtedly later than Trias, resting directly on the Arcbrean in the 
valley of the Blue River in Middle Park. Alrea~y in the time of . 
the survey of the fortieth parallel we thought we had found evidence of 
a Jurassic nonconformity in the Wasatch Mountain§>, but it was so un­
certain in character that it was riot insisted ou. 

Carboniferous noncotiformity.-The Paleozoic formations in the Elk 
Mountain region have a generic resemblance to those already studied 
in the Mosquito Range; that is, they consist of a series of red sandstones 
with some limestones at the top, a heavy belt of conglomerates, show­
ing evidence of formation in shallow waters and on the borders of a 
lanll area,- in the middle and at the base a series of evenly bedded 
limestones and quartzites of iuferior t_hickness, resting dire~tly on the 
Archrean. The most striking feature in regard to the heavy belt of 
conglomerates is the fact that their pebbles consist largely of limestone, 
a blue-gray or drab rock like the ordinary Carboniferous or Silurian 
limestones of the Rocky Mountains. This proves that at the time of 
their formation a land area existed composed in part at least of limestone 
beds, from whose abrasion the material for their c<:mglomerates was de­
rived. As no limestones are found in the Archrean formation of the 
Rocky Mountains, it follows that these limestones must be of later age, 
and therefore that there must have been a movement since the close of 
the Archrean. It was at first thought that this movement was probably 
before the Carboniferous epoch and the pebbles of Silurian formation, 
which would account for the apparent absence of the Devonian formation 
in the Rocky Mountains, an absence the more singular since its beds are 
so fully developed in Nevada and have been observed in the Wasatch 
Mountains. The exact stratigraphical location of the nonconformity 
could not be determined, because thus far the spaces between the con-

6 GEOL-5 
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glomerate beds and the lower limestones and quartzites, resting directly 
on the Archooan, have been found entirely covered, and the apparent 
discrepa.ncy of angle between the two series cannot be affirmed to be 
definitively proved. In the lower series, however, no Jimestone pebbles 
are found in the conglomerate beds. The fossils obtained, which have 
been examined by l\ir. Walcott, show that a portion of this lower series 
is of Carboniferous age; therefore the dynamic movement occurred dur­
ing the Carboniferous period. Tbis is further eYidenced by a few 
somewhat indistinct fossils obtained from the limestone pebbles tbem­
selves, which have a distinctly Carboniferous facies. Silurian and Cam­
brian fossils have not ;yet been found in the region, ·but it is possible 
that further search may disclose them in the lower beds; these hori­
zons must, in any event, be extremely thin. 

Hitherto there has been supposed to be but one great nonconformity 
in the Rocky Mountain region, viz, between the Cretaceous and Tertiary 
periods. Those above notecl were evidently less important than the 
great movement which marks the age of the present uplift of these 
mountains, and possihly of very·.much more limited extent, since they 
have not hitherto been noted by geologists. Asligbtdiscrepancy of angle 
or the absence of part of a formation might readily escape notice in the 
general examination that has hitherto been made of this region, unles~ 
attention were specially called to a particular horizon by the knowledg€ 
that such a nonconformity exists in some locality, and for that reason 1 
am led to believe that when the above facts are generally known, similai 
evidence will be found in many other localities. 

As will be shown in my forthcoming report on the Silver Oliff region1 

I have evidence that the Wet Mountain Valley was a land area in Car­
boniferous time, which must have presented a precipitous escarpment 
to the west, from which huge masses of Archooan rocks fell into the sea 
and fol'!ncd a peculiar conglomerate of immense subangular fragments; 
appareutly corresponding in age to the Weber grits of the Mosquita 
region and to these limestone conglomerates of the Elk Mountain re· 
gion. During the field work of the coming season I trust that addi· 
tional data will be obtained which will enable us to determine more 
accurately the period of these two nonconformities. 

After the close of the season in the Gunnison region it is hoped there 
will be sufficient time and funds available to complete the field work on 
the Denver Basin before winter sets in. 

OFFICE WORK. 

In spite of short field seasons, it is generally found that the material 
gathered during the summer months is sufficient to furnish employ­
ment 1ltuing the rest of the ;year in its microscopical and chemical 
investigations. Tl1e preparation of manuscripts for the press has not 
progressed, from various causes, as rapidly as had J;>een anticipated. The 
census volume on "Statistics and Technology of the Precious Metals," 
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of which the manuscript was submitted two years ago last February, is 
at length printed, and no more time will be required by that. During 
the spring Bulletin No. 20 was sent in to the printer containing '' Contri­
butions to the Mineralogy of the Rocky Mountains," by Messrs. Cross 
and Hillebrand. The manuscript for the Leadville report is now ready 
for the printer, with the exception of rearranging certain tables. The 
mans for the Ten·Mile and Silver Oliff reports, respectively, have been 
sent to the Public Printer to be engraved, and the manuscript of each 
is partially completed. These will be followed in order of publication 

, by the report on the Denver Basin, including a report ou ~he Golden 
Mesas, which w.as completed some time since, but which awaits the de­
termination of certain stratigraphical questions for which the finished 
map is necessary. These will be followed later on by the report on the 

· Gunnison or Crested Butte region. 
Very respectfully, your obedient servant, 

Hon. J. W. PoWELL, 

S. F. EMMONS, 
Geologist in Charge. 

Director United States G~ological Survey, Washington, D. 0. 

REPORT OF MR. GEO. F. BECKER. 

UNITED STATES GEOLOGIC.A.L.SURVEY, 

DIVISION OF THE P .A.CJFIC, 

. Steamboat Springs, Cal., June30,1885. 
SIR : At the beginning of the present fiscal year I had reached a point 

in the investigation of the quicksilver deposits of California at which it 
became absolutely ne·.1essary to acquire more definite information as to 
the age of the metamorphic rocks of the Coast Ranges and as to the tim­
relations of the epoch of metamorphism. From a study of the structe 
ure, combined to a certain extent with paleontological reasoning, I had 
indeed reached certain conclusions, but the co-operation of a paleonto­
logical specialist was essential to a satisfactory elucidation of the sub­
ject. At my request and with your approval Dr. C. A. White consented 
to examine the Mesozoic and Cenozoic faunas with me, so far as the 
questions which had arisen in my work made it necessary, and for this 
purpose he joined me late in June, 1884, at San Francisco. Besides ex­
amining my collections of fossils Dr. White visited New Idria and its 
neighborhood with 1.\-lr. H. W. Turner, my assistant, after which we 
visited a considerable number of points together, including Martinez, 
Monte Diablo, Pence's Ranch, Horsetown, Bass's, the McCloud River, 
the Mariposa estate, California; Roseburg, Oregon, and others. In pur­
suance of the same work I later revisited Knoxville and mad~ a trip 

' 
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along the coast from the Russian Rh·er to beyond the mouth of the 
W allala River. 

I had the great satisfaction of finding that Dr. White was led to the 
same conclusions on purely paleontological grounds whicd. I bad reached 
mainly from stmctural considerations, and further, that as a general 
geologist of long experience, be fully agreed witll me as to the indica­
tions of the structure. We have given the main results of the joint 
investigation in Bulletins 15 and 19, but a brief statement of the prin­
cipal conelusions reached will not be out of place here. 

The labors of the State Geological Sun·ey, under Professor Whitney, 
showed that some of the metamorphicrocks of the Coast Ranges belong 
to the so-called Shasta Group, which, according to .Mr. Gabb, included 
both the Neocomian and the Gault. Above the Shasta Group come the 
Chico beds, corresponding, in Gabb's opinion, to the upper or lower 
Chalk of Europe. .Above the Chico, ami conformable with it, occur the 
Tejon strata, referred by Conrad, who first described ·their fauna, to 
the Eocene, but by Gabb to the Cretaceous. Upon the 'rejon lies the 
unquestionable Miocene. In several places Professor Whitney found 
the Miocene resting unconformably upon the metamorphic rocks, and 
considered it probable that in one· localit,r, at all events, the most·ex­
tensiv~:~ disturbances of the Cretaceous, as well as the greater part of 
the metamorphic action upon it, had taken place before the deposition 
of the Tertiary. He records no other nonconformity among tLe series 
mentioned above. The main uplift of the Coast Ranges Professor 
Whitney refers to a post-Miocene disturbance. 1'he gold belt was con­
sidered as pre-Cretaceous, Meek having determined some fossils from the 
Mariposa estate as Jurassic mainly on the ground that Ancella is a 
Jura8sic genus. 

Freely employing the excellent geological observations recorded in 
the first geological report of the State survey, Dr. White and I have 
pushell our conclusions further. There is, with one exception, no indi-· 
cation yet known of rocks older than Gabb's Sliasta Group in the Coast 
Ranges. This exception is a mass of extremely crystalline limestone in 
the Gavilan Range. It would be in vain to look for fossils in this 
rock at any point yet observed; nor is there evidence that auy of the 
silicified and serpentinized rocks, so characteristic of the metamorphic 
series in the Coast'Rauges are younger than the beds characterized by 
the 4.ncella piochii of Gab b. Dr. \Vhite shows .that between these beds 
and the Chico there is a vast time interval, while I have shown that in 
spite of the complication of structure occasioned by post-Cretaceous dis­
turbances, the facts can only be explained by the supposition of a wide­
spread upheaval subsequent to the Shasta and antedating both tlie 
Chico and a new series which Dr. White places before the Chico, and 
which we have named the Wall~:tla beds. The characteristic meta­
morphism must have occurred in this same interval and probably ac­
companied the upheaval. This upheaval must have far exceeded in 
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intensity that which followed the Miocene, "for the metamorphic rocks 
are in great part utterly sha.ttercd, and often form not plicated beds, 
bnt chaotic masses recernente<l by silica and serpentine. The Coast 
Uanges, then, existed as dry laud and doubtless as mountains for a long 
period before the beginning of the Chico. 

The question immediately arises whether the great upheaval which 
followed the deposition of the Ancella. bearing beds of the Ooast Ranges 

·was purely local or is to be correliatell with any known uplift elsewhere. 
A comparison with the disturbance w!Jieh rai;,;e!l and altered the Meso­
zoic beds of the Sierra Nevada naturally suggests itself and is at once 
seen to be significant. Some years after Meek had determined the 
Jura'\sic character of the Mariposa beds, chiefly because Ancella ''is, w 
far as is known, entirely confiueJ to the Jurassic rocks," Gabb rede· 
termiued a shell which lw had previously described as Suocera.neus pio­
chii, and which he had foun1l to be peculiarly characteristic oft he Shasta 
Group. He decided that this shell was an Ancella, but drew no geologi· 
cal inferences from this change of genus. It seemed to me clear, how· 
e\·er, that its geological importance was great; for if Ancella is dis· 

. tipcti,·ely Jurassic the Ancella-bearing beds of the Coast Ranges, o~ in 
other words, the metamorphic series, must be Jurassic, while, if tlJis 
series is Cretaceous, Ancelln is 110t confined to the Jurassic even in the 
State ot Californht, a11d the Mariposa beds are not neces~arily Jurassic. 
Dr. White fully agreetl with me, and moreover, after careful comparison 
of great numbers of Ancellas from the Coast Ranges with Meek's t,ypes 
and with new and ueUer specimens collected by ourselves on the .Mari­
posa estate, he is unable to draw any sped fie distinctions between thew. 
There is ever;r reason, therefore, to suppose that the upheaval and met­
amorp!Jism of the Mariposa beds and that of the Ancell:;, beds of the 
Coast Ranges were contemporaneous, and hence, also, that the :first up­
hea\'al of the Coaflt Ranges dates at least as far back as the great uplift 
to which, as Professor .. Whitney showed,· aJl important portion .of the 
present Sierra Nevada is due. This uplift must have occurred either 
after the close of the Jurassic, as Profe~sor Whitney supposed, or after 
the N·eocomian; but Dr. vVhite commits himself no further with refer, 
ence to the. age of Ancella titan to state that it may be not improbably 
,common to the upper Jurassic and theN eocomian. None of the fossils 
found accompanying it in C;llifornia are decisive on this point. 

On wllichcver side of the limiting horizon the Ancelllt of California 
may ultimately prove to belong, it now seems impossible to assign the 
Coast Ranges to a different mountain sy~tem from the Sierra Nevada, 
and this conclusion is strengthened by the correspondence in the his· 
tory of the two ranges since the beginning of the Chico. In the Oas­
cade Mountains of Oregon, near Roseburg, we found the foundatiou of 
the range made up of granite and metamorphic rocks indistinguishable 
from those of the California Coast Ranges. Tlwse rocks are overlain 
unconformably by Miocene .beds. Dr. White also points out reasons 
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for believing tha.t at one time during the Cretaceous the peninsula of 
lower California was the line of separation between the Atlantic and 
Pacific Oceans. It appears to me, therefore, that the Cascades must 
be regarded as one of the continuations of the united Sierra Nevada 
and Coast Ranges to the north, structurally as well as topographically, · 

. and that the line of uplift marked by Lower California is equally inti· 
mately connected with the ranges of, TJ pper California. 

With reference-to the later formations the evidence, both structural 
and paleontological, is clear that there is no interruption of sedimenta­
tion or of life between the Chico and the Tejon, while the Tejon~nd the 
Miocene are, so far as is known, everywhere conformable. Miocene arid 
Tejon fossils also occur in such proximity as to leave no room for an. 
Eocene series between them distinct from the Tejon, while Dr. White 
regards the paleontological evidence as overwhelmingly in favor of the 
Tertiary character of the Tejon beds. · 

The exaJ:l?.ination of the quicksilver districts, necessarily interrupted 
by the investigation sketched above, was resumed as speedily as practi­
cable. The Great Western, Great Eastern, and Napa Consolidated 
mines, of which detailed maps on a scale of 800 feet to the inch were 
furnished by the geographical division, have all been worked up by l\'Ir. 
H. W. Turner. I have also visited each of these districts with him and 
reviewed his results. Mr. Turner has also inspected a great number of 
abandoned mines and pruspects for the purpose of studying their rela­
tions to the general geological structure of the quicksih•er belt. 

Mr. Waldemar Hndgren, who joined me as assistant geologist ou De­
cember 1, visited Steamboat Springs during the winter for the purpose 
of making a preliminary collection of rocks, and has since devoted much 
time to the microscopical lithology of the eruptive aml metamorphic 
rocks occurring in connection with quicksilver. My own. time during 
the winter and spring was largely occupied by accumulated office work 
and by a visit to Washington. This year, as last, however, not a month 
has passed in which no field work has been done by my party. Dr. W. 
H. Melville has been steadily occupied in analyses and experiment§ con­
nected with the quicksilver work. At the close of the year the whole 
party is engaged in the study of Steamboat Springs and its neighbor­
hood. 

The field work on the quicksilv,'3r belt will close this season, and as a 
great part of the office work is already completed, I hope . to· have a 
memoir on this subject ready for publication by the close of the ap­
proaching fiscal year. 

Very respectfully, your obedient servant, 

Hon. J. W. POWELL, 

GEO. F. BECKER, 
Geologist t:n charge. 

Director U.S. Geological Survey, Washington, D. 0. 
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REPORT OF MR. J. S. CURTIS. 

UNI'l'ED STA'l'ES GEOLOGICAL SURVEY, 

UTAH DIVISION, 

Frisco, Utah, J1tnc 2G, 1885. 

SIR: I have the honor to report that during the fiscal ~'ear 1884-'85 
my time was occupied as follows: During the first few months I was 
still engaged in correcting the proofs and drawings for my report on 
"The Silver-Lead Deposits of Eureka, Nevada," which has since been 
issued. Also during a portion of this time, and up to the month of Feb­
ruary, I painted and completed a glass model of the Eureka mines for 
the New Orleans Exposition, which was subsequently exhibited at that 
place. From February to J nne I worked in the laboratory of the Sur­
vey, preparing a method for the determination of minute quantities of 
silver, and when this method of determination was completed I wrote 

, a paper on the subject for the Sixth Annual Rep0rt of the director. 
On the 4th of June, pursuant to orders, I took the field, going to 

Frisco, Utah, to examine the Horn Siiver Mine. This examination was 
considerably impeded on account of the caving of the minp., It is still 
being prosecnteu, howe\'er, with the prospect of better 9pportunities 
for study when some workings shall have been completed which will 
again open the mine. 

Very respectfully, your obedient servant, 
J. S. CURTIS, 

Hon. J. W. POWELL, 
Geologist. 

Director United States Geological Survey, Washington, D. C. 

REPORT OF PROF. 0. C. MARSH. 

UNITED S'I'ATES GEOLOGICAL SURVEY, 

DIVISION OF VERTEBRATE P ALEON1'0LOGY, 
/ 

New .Haven, Conn., July 1, 1885. 

SIR: I have the honor to submit the following report of progress in 
this division during the past year.· 

In accordanca with your letter of general instructions, dated July 1, 
1883, I have continued the systematic work of collecting fossils in ·the 
West, especially in the regions that promised to yield specimens needed 
to complete the investigations now in progress. 

Two parties spent the last season in exploring the Jurassic beds of 
W,yomiug and met with good success. Large collections of Dinosau­
rian reptiles and Jurassic mammals have been secured, ;.tmong which 
we1~e many new to science. 

Another party carried on investigations in the Jurassic depo:sits near 
the Arkansas River, in Southern Colorado, where discoveries of much 
importance werem_ade. 
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During the winter important collections of Permian fossils were se­
cured in Texas. 

For the greater part of the past year one party luis been engaged in 
ex1'>loring the Pliocene deposits of Kansas and Nebraska, where very 
large collections of fo8sil mam malR have been made. 

In the Jurassic of Wyoming two parties are now at work, with every 
prospect of success, while in Southern Colorado work in -the same hori­
zon has been commenced at the localities where important discoveries 
have previously been made. 

The manuscript of the volume on the Dinocerata has been sent to the 
Public Printer, and the other memoirs in preparation have made good 
progress during the past year. . · 

The monograph .on the Sauropoda, the huge Jurassic reptiles found 
_in the West, approaches completion, and the ninety plates which illus­
trate it are nearly all printed. 
. On the volume relating to the Stegosauria satisfactory progress has 
been made,- and also on the others now in preparation. 

Very respectfully, your obedient servant, 
- 0. C. MARSH, 

. Paleontologist in charge. 
Hon. J. vV. POWELL, 

Director United States Geological Survey, Washington, D. 0. 

REPORT OF DR. C. A. WHITE. 

UNITED S1'.A'J'ES GEOLOGICAL SURVEY, 

DIVISION OF MESOZOIC INVERTEBRATES, 

Wasltington, IJ. 0., June 30, 1885. 
SIR: I have the honor to make the following report of the work that 

has been done in my division -during the fiscal year ending June 30, 
1885. 

On the 3d day of June, 1884, by your direction I proceeded to Cal-. 
ifornia for the purpose of making .some paleontologic investigations 
in connection with the work of Dr. G. F. Becker, in charge of the Pacific 
division of the Si1rvey. This work was confined mainiy to the study of 
the Cretaceous and earlier Tertiary formations of CaljfoiJlia, and in­
cluded not only an investigation.of the collections that bad already 
been made by Dr. Becker and his assistants, but studies in the field at 
numcrouE. localities in different parts of the State. The. following coun­
ties were visited by me in the, prosecution of these field studies: Contra 
Costa, Alameda, San Mateo, Marin-, Monterey, Fresno, Mariposa, Butte, 
and Shasta. The collections which were previously made by Dr. Becker 
and bis assistants, and which I have also studied, were obtained from 

_ the following counties in addition to tlwse which ha,·e already been 
named: San Benito, Mendocino, Lake, and Colusa. The results of 
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these studies are largely set forth in Bulletin of the Survey No. 15, 
lately published. 

These results embrace au investigat~on ·of the Tejon, Chico, and 
Shasta Groups of the California State Survey, and, in part, of the au­
riferous slate series also. Among the important conclusions which I 

' reached from these investigations are the following: (1} The Chico 
and Tejon groups together form one unbroken series, extending from 
the Upper Cretaceous beneath, to the Eocene above, both inclusive. 
(2) The auriferous slate series is, at least in part, equivalent with the 
Knoxville division of the Shasta group, and is therefore not of Jurassic 
age, as it has been generally held to be. (3) There is probably a Cre­
t"aceous formation in California which has not hitherto been publicly· 
noticed. The strata in question are found exposed in Mendocino County, 
some thousands of feet in thickness, according to Dr. Becker. I have 
given them the provisional name of the ·walhila group. 
·. Dr. Becker has published the results of the studies which he made 
in connection with mine in Bulletin No. 19 of the Suney. Our work 
having been done in direct association during-the whole season, we ha>e 
mutually assisted each other, which I believe has been of material ad­
vantage to t.he woEk undert:;tken by us . 
. After completing this work in California I sailed from San Francisco, 

on the 1st of September, forPortlan.d, Oregon. From there I proceeded 
up the valleys of the Columbia, Willamette, and Umpqua Rivers, in com­
pany with Dr. Becker, for the purpose of making some comparative 
studies of the geology and . paleontology of those regions. As the re­
sults of the investigations in Oregon proved to be mainly geological, 
they ~ill appear in the publications of Dr. Becker. 

At Eugene City, Oregon, I examined. the collections of the State Uni­
versity and that of Prof. Thomas Condon. Professor Condon presented 
to the Survey, through me, some fossils which he bad collected in differ­
ent parts of Oregon, and which proved to be of considerable interest 
with relation to certain subjects which I have bad under investigation. 
Some results of. the study of t.hese fossils are contained in Bulletin No. 
18 of the Survey. 

Parting with Dr. Becker in Oregon I returned to.Washiligton, where 
I have since been engaged in the study of the fossils which have been 
sent to the Survey and to the United States National Museum by dif­
ferent persons. A part of the results of the study of these fossils ap­
pear in Bulletin No. 22 of the_ Survey and other~results are to follow 
in other lmlletins. ' · 

A com,;iderable portion of my time bas also been employed in the 
routine work of my division and in the study and determination offossils 

"for other parties of the Survey. 
During the past fiscal year I have prepared the following publications, 

which contain results of my geological and paleontological studies: 
Bulletins of the Sun·ey Nos. 15, 18, and 22; articles XXIX and 
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XXXVI,· Vol. XXIX (third series), American Journal of Scitnce, and. 
an address before the vVashington Biological Society. 

From August 6 to Septem l;ler 4, inclusive, Mr. J. B. Marcou visited 
the collections of the American Museum of Natural History in New 
York and of the .Academy of Science in Philadplphia and he also made 
collections of fossils from the Cretaceous and. Tertiary formations of New 
Jersey. During the remainder of the year he has been engaged, aided 
by the other members of my division, in arranging the collections at the 
United States National Museum and in the preparation of catalogues 
and bibliographical material bearing upop. the subjects which are under 
investigation in my division. 

Mr. I.Atwrence C. Johnson has been engaged during the year in mak­
ing collections in the States 0f Mississippi, Alabama, and Florida, and 
the collections which he has forwarded Lave been received at the United 
States National Mus1~um. 

Mr. Frank Burns, "ho was assigned to my division in October, was 
engaged in collecting fossils in Mississippi and Alabama up to the mid­
dle of January, 1885. In accordance with instructions, he reported to 
me at the National Museum on the 22d of .Tmlllaryr and he has since 
been eng;J.ged ·in assorting the collections which he and others have 
made in the Gulf States. 

Mr. C. B. Boyle was detailed for duty in my division, and began 
work on the 26th of November, 18S4. He bas been employetl mainly 
in the preparation of catalogues of fossils and bibliog-raphic data. 

Hespectfully submitted. 

Hou. J. vV. POWELL, 

C . .A. WHITE, 
Paleontologist. 

Director U. S. Geological Survey, Washington, D. 0. 

REPORT OF MR. C. D. WALCOTT. • 

UNITED STATES GEOLOGICAL SURVEY, 

DIVISION OF PALEOZOIC INVER'l'EBRATES, 

TYasltington, July 1, 1885. 

SIR: Ill conformity with the request contained in your letter of Feb· 
ruary 3, 1885, I have the honor to present the following- report of opera· 
tiom; conducted under my charge during- the fiscal ;year ended June 30, 
1885. 

The principal field investigations were: The continuation of the taking 
of sections of tl1e Devonian strata in V\7estern New York, Northwestern 
Pennsylvania, and Eastern Ohio, and the collecting of fossils from each 
·of the forty-four measured sections. Collections of Cambrian fossils 
were made in Western Ver~ont, Western Wisconsin, Eastern Minne-
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sota, Northern Alabama, and Central Texas. A geological section was 
obtaine~l of the Cambrian system in Llano County, Texas, and an ex­
amination was made of the Deer Creek coal-field of the San Carlos In­
dian Reservation, Arizona. 

Prof. HenryS. "Williams .continued 'his study of the Devonian sec­
tions and faunas of Central and Western New York, Northwestern 

·Pennsylvania, and Eastern Ohio during the nionths of July, August and 
September. Collections of fossils were made and sections taken by 
him at six localities in Sullivan and Orange Counties; at seven, in Chan-

.. tauqna County; at five, in Otsego and Brown Counties, New York; 'at 
fifteen, in Erie, Crawford, and Warren Counties, Pennsy-lvania; at eleven, 
in Lake, Geauga, Cuyahoga, and Summit Counties, Ohio: a total of 
forty-four stratigraphic sections and forty-four collections of fossils. 

At the laboratory of Cornell University the collectiom; have been 
studied and the sections worked out with relation to the contained 
faunas. Professor Williams has also studied some of the material for 
the purpose of preparing a paper on the " Plasticity of forms in relation 
to the geological range and geographical distribution of species." 

During the months of July, August, September, and October Mr. 
CoopPr Curtice, paleontological assistant, matle extensive collections of 
fossils from Central and Western Wisconsin and Eastern Minnesota, 
besides taking notes on the geologic sections and geographic and strati. 
graphic distribution of the Potsdam or Upper Cambrian fauna. Mr­
Curtice's collections embraced thirty barrels and seventeen boxes of 
lilpecimens that add materially to our collections, and will give much 
valuable data in studying the Potsdam fa.una. 

Mr. A .. M. Gibson was employed during the months of April and May 
in continuing the collecting of fossils from the Knox shales of Northern 
Alabama. He met with good success and sent in valuable material for 

'the illu~tration of the Upper Cambrian fauna in its southern extension 
along the Appalachian range. 

Mr. S. W. Ford, of New York, was employed as a paleontologic field 
assistant from December 1, 1884, to June 30, 1885. During the incle­
ment weather Mr. Ford prepared drawings of the type specimens of the 
Middle Cambrian fauna in his collection and also traced a map. of 
Columbia. County, New York, for field use. He ba:; also done some field 
work in the county named and collected fossils from the Middle Cam-
brian strata. · 

Eaily in July I proceeded to Franklin County, Vermont, for the pur­
pose of stud~'ing the Cambrian strata and collecting fossils and tracing 
the Cambrian strata south into New York State. A large collection 
was made at Parker's quarry, Georgia, Vermont, and a few .sections 
had been taken when I was re(:alled to Washington and ordered tore­
port to the honorable the Secretary of the Interior. By b.im I was ap­
pointed a commissioner, in association with a commissioner from civil 
life, to examine and.report upon a coal field in the southern portion of 
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the San Carlos Indian Reservation, Arizona. The examination was 
completed September 8, 1884, and, acting under instructions froJU you, 
!proceeded to Burnet, Texas, and began the examination of the area 
of Paleozoic rocks in Eurnet, San Saba, and Llano Counties. These 
were found to be composed of Carboniferous, Lower Silurian,- Upper 
Cambrian, and a series of str·ata called the Llano group, corresponding 
to tlle Grand Canon awl Chuar groups of Northern Arizona. A good 
series of fossils was colh)cted from_ the Upper Cambrian or Texas-Pots-
dam group. "' 

I returned to Washington October 14, and at once took up the study 
of tlle Middle Cambrian faunas, and also attended to the completion of 
the publication of Monograph VIII, Paleontology of the Eureka Dis­
trict, aml Bulletin 10, Preliminary Studies of the Cambrian Faunas of 
North America. Both of these ptlblications were completed in Decem· 
ber, 1884, and a few copies secured, but owing to unavoidable-delays the 
main edition was not delivered until April, 1885. 

The preparation of a bulletin on the Middle Cambrian faunas has 
occupied all the time not given to incidental work of the office or- to 
work in conneetion with the identification of collections for the geologists 
of the Survey and the material sent to me as honorary eumto_r of Pale· 
ozoic invertebrate fossils of the National Museum. A collection brought 
in hy Dr. A. C. Peale, Of the Survey, was of special interest, as it proved 
the existence of a well-marked Devonian fauna in Nortllern Montana. 
Twenty-three species were distinguished, twelve of which are identical 
with species of the Upper Devonian of the Eureka district of Central 
Nevada. 

A number of small collections of Carboniferous fossils from Colorado 
were identified, and lists of the same were furnished to Mr. George H. 
Eldridge, of the Survey. 

A report on the examination of the coal-field of tl1e San Carlos Indian 
Reservation was prepared during the month of November and trans· 
mitted to the honorable the Secretary of the Interior November 28, 1884. 

Finding it necessary to obtain some additional data in connection with 
the study of the Middle Cambrian faunas, I spent a few clays, in May, ·. 
at Swanton, Vermont, and also visited and examined the collections of 
the Geological Survey of Canada at Ottawa. Through the courtesy of 
Dr. A. R. C. Selwyn, director of tlle Canadian Survey, and ·Prof. J. F. 
Wbiteaves, paleontologist, a number of typical specimens were loaned 
to me for illustration, and twenty species were procured for the National 
Museum collections. The material thus obtained has been of great 

·service iit the identification of species from Vermont. 
A sllor.t paper wa::; prepa,red and published iu the American Journal 

of Science, on the "Paleozoic Hocks of Central Texas," to call atten· 
tion to the Upper Cam brian and pre· Upper Cam brian strata and their 
close resembhince to tlle corresponding geologic formations in the Grand 
Oafion of the Colorado in Northern Arizona. 
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The bulletin on the Middle· Cambrian Faunas is transmitted for pub­
lication this day. lt comprises a review Of all the Specit>S known to 
me to occur at that horizon in the United States and Canada. 

As honor~ry curator in charge of the collections of the invertebrate 
Paleozoic fossils of the U. S. National Museum, I gave attention, at 
various times during the year, to the arrangement of the collections, 
and a large amount of material collected by the Geological Survey has 
been labeled and transferred to the Museum. This includes the in. 
vertebrate fossils of the Carboniferous system in Central Nevada, ex· 
elusive of corals. 

The collection contained-

Species. Spocimens. 

----------------~~----------------------1------------
Brachiopoda ............................................ : .................. .. 
Lamellibranchiata .......................................................... .. 
Gasteropotla ................................................................ .. 
Pteropoda .................................................................. .. 
Cephalopoda .................................................. · ........... _ .. __ 
Crustacelt ..... . : .. .................. --- ..................................... .. 
Poecilopoda ................................................... : .. ........... .. 

Total ..... _·_ .......................................................... .. 

38 

42 

11 
3 

5 

101 

941 

445 

72 

11 
17 

11 
140 

1, 637 

A full list of the collection was transmitted in my report for the month 
of December, 1884. 

The director of the U. S. National Museum has continued to give every 
facility for the advancement of work iu this office, and 1 have availed 
myself freely_ of the assistance required. 

Mr. Cooper Curtice has had charge of the preparatory work on the 
collections, and bas rendered most efficient service in preparing for study 
the various collections of the Mi~ dle Cam brian fossils and those of the 
Upper Cambrian from Central Texas. 

Mr. J. W. Gentry was left in charge of the office during the field sea­
sou: of 1884, and has been occupied at various duties connected with the 
writing out of manuscript notes on the type-writer, the preparation of 
catalogues of specimens, proof reading, etc. 

Mr. M. T. Burns was detailed, the lattN' half of the year, to assist in 
the unpacking and recording of specimens. 

The following publications, made on results of studies, carried on in 
this division, appeared: during the year: 

Bulletin ofthe United States Geological SurveyNo. 3, "On the Fos­
sil Faunas of the Upper Devonian along the meridian of 760 30'!, from 
Tompkins County, New York, to Bradford, Pennsylvania," by HenryS. 
Williams, Svo., 35 pp. 18S4. 

Publications by the writer: 
''Note on Paleozoic Rocks of Central Texas." Am. Jour. Sci., Vol. 

XXVIli, pp. 431-433. December, 1884. 
"Deer Creek Coal-field, White Mountain Indian Reservation, Ari· 
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zona. Report and Appendix." U. S. Senate Ex. Doc. No. 20, 48th 
Congress, 2d session, pp. 1-7. December, 1884. 

"Bulletin No.10, United States Geological Survey; on the Cambrian 
Faunas of North America," pp. 55, Pis. 10, figs. 91. 

"Monograph VIII: Paleontology of the Eureka District," pp. i-xiii, 
1-298, Pis. 24, figs. 570. 1884:. 

"Paleozoic Notes: List of Species from the St. John Group, and 
New Genus Brachiopoda, Linnarssonia." Am. Jour. Sci., Vol. XXIX, 
Art. xviii, pp. 114-117. February, 1885. 

"Paleozoic Notes: New Genus of Cambrian Trilobites, Mesonacis." 
Am. Jour. Sci., 3d ser., Vol. XXIX, Art.xliii,pp.328-330,:figs.2. April, 
1885. 

Very respectfully, your obedient servant, 

Hon. J. W. PoWELL, 

CHARLES D. WALCOTT, 
Paleontologist. 

Director United States Geological Surveu, Washington, IJ. 0. 

REPORT OF DR. W. H. DALL. 

UNI'I.'ED STATES GEOLOGICAL SURVEY, 

DIVISION OF CENOZOIC INVERTEBRATES, 

Washington, D. 0., Jttne 30, 1885. 
SIR: I have the honor to submit the following report of work done 

during the year under my direction, according. to your instructions, in 
the division of Quaternary paleontology and related recent forins. I 
was placed in charge of this work September 20, 1884, and Dr. R. -E. C. 
Stearns was assigned to the division as assistant in the work. Mr. J. 
B. Crowe was added to the force November 21, 1884. 

The condition of aflairs on taking up the work was about as follows: 
The collections already in the possession of the Survey and of the N a­
tional Museum were very large, but, owipg to the. want of any one who 
could give his undivided attention to administering upon them as they 
came in, they were in very much the same state as when they were 
originally received. Many of them were packed up, few were catalogued, 
fewer still had permanent labels. It may safely be said that the arrears 
of six years had accumulated. Beside thf'se several large collections of 
the greatest importance for the study of our Quaternary fossils had been 
just acquired by the National ,Museum, that of Dr. Gwyn Jeflreys, with 
a fine series of the English crag fossils, the fossils of the northern d:r:ift 
in Europe, and the crag of Iceland, beside an unparalleled series of the 
recent forms. Another series, unquestionably the :finest in existence 
for the western American region, that of Dr. Stearns, was just at hand 
in its original packages. For administering on this mass there were 
required trays, glass tubes, and receptacles literally by the thousand. 
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The New Orleans Exposition and the expenditure necessary for the dis­
play made by the National Museum and the Geological Sur~ey enabled 
us to obtain for the department material which could be made useful, 

. not only for the exhibition, but later for the permanent collection. The 
National Museum, in which the specimens are deposited, contributed to 
the extent of our more pressing needs in these directions. · . 

The Quaternary fossils of North America are geologically important, 
rspecially in two directions. These are the land and fresh water forms 

·'Of the ancient lake basins of the West and the loess of the Mississippi 
Valley, and, second, the marine forms for the southern and southeast 
portions of the United States bordering on the sea. l\'Iy plan of work, 
therefore, subject to your approval was to put into shape, for ready ref­
erence and the identification of whatever species may come in, the spec­
imens relating to these two areas. This is an indispensable prerequisite 
to any satisfactory work on the fossils referred to. · 

Nothing can be done in the way of general paleontological work on 
our Quaternary formation until this has been accomplished. It is in a 
ce.J;"tain sense drudgery of a scientific kind, but the familiarity thus 
gainell with the different forms will have its own value in the studies 
of the future. A large number of assistants, unless skilled in the work 
(a nil such unfortunately are not to be had, 'except in very small num­
bers), would not proportionally increase the rapidity of our progress. 
All of it bas to be supervised and revised, and this is as much as Mr. 
Stearns and myself can do at present rates of progress: For more sat­
isfactory co-operatim:!, Mr. Stearns has been assigned the land .and 
fresh-water groups, on which he had already bestowed much study, and 
I have been at work on the marine forms of the southern and Gulf 
coasts and/the shores of Florida, which have engaged my attention for 
some years. Mr. Crowe has rendered efficient help in cataloguing and 
registering specimens, and some 6,400 specimens or lots of specimel!S 
have been finally registered and about 8,000 labeled since the work 
began. Three or four times that number, put into tubes and rendered 
safe from ·damage and loss of identification, have been subjected to 
preliminar,y determination. 

The literature of the subject being much scattered and nowhere 
brought together, I have begun a bibliography for the southern and 
southeastern region, to bring all titles of species and place of publica· 
tion together in a form for ready reference. About twelve thousand 
entries have already been made for the region between the north shore 
of Brazil and Cape Hatteras, which forms one zoi:ilogical·region. This 
has been done in the form of a card catalogue and already approaches 
completion. When finished, I trust it may be found worthy of publi­
cation, as it will without doubt form a very useful reference list for aU 
students of the invertebrate paleontology of the region. A summary of 
the quarternary land and fresh-water species of Alaska, based on my 

, own collections in that region now in the national collection, is in prog­
ress, but bas been delayed by the necessary work in other uirections. 
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During the last year several small lots have come in and been re­
ferred to my department by the office for immediate determination. 
These comprised some inverteLrate remains from various quarters and 
some vertebrates, especially from the western side of the continent,. 
which bave been reported on from time to time. 

The services of Mr. Stearns were called into requisition during the 
installation of the departmental exhibit at New Orle.tus, so that he was 
taken away from the regular work for several weeks. Mr. Crowe bas 
been permitted fifteen days' leave of absence during the past month. I 
was called upon under your instructions to visit the locality of certain 
vertebrate remains in Alachua County, Florida, which appeared to be 
of unusual interest. This occupied my time from April 1 to April 
19, and the results of the expedition have already been reported upon 
by me in a spec~al communication under date of May 4, 1885. A cer­
taiu publication on the land and fresh water shells of the United States, 
by Mr. ,V. G. Binney, was undertaken by the National Museum. 'l'bis 
work will be of importance for any one engaged in the study of the 
Quaternary forms of pulmonata. Owing to Mr. Binney's delicate health 
and distance from the Government Printing Office, it became necessary 
to have the proofs revi!<ed by some one conversant with the subject 
matter of the work. At the request of Professor Baird, and with our 
mutual aquiescence, Mr. Stearns assisted Mr. Clarke, of the National 
Museum, in th~ revision now completed. This work occupied a good 
deal of time for two months, but on account of its general importance 
the .time was well spent. The types upon which the book is founded, 
which ha\re been presented by Mr. Binney to the 1\'Iuseum, will form part 
of tlw ~ollection under my ch:nge, and materially assist in the identi­
fication of fossil:s belonging to this group. 

It will be seen by the above exltibit that the time of the individuals 
engaged on the general work included under my divi:sion has been 
fully occupied. In order that such progress could be made I have my­
_self devoted, at the laboratory and in my own workroom, an average of 
nine hour:s a day to admini:stration and study since r· undertook the 
work. Much of what has been accomplished makes but 1ittle show to 
the casual visitor, but will be apvarent later on. 

This department, in common with nearly every other connected with 
the Survey and the National Museum, though affonled by the authorities 
of the latter the hest f~teilities at their disposal, has suffered greatly for 
want of room.· This need_ will be e\·eu greater in the near future, and 
it is to be hopetl that quarters for the proper arrangemeut and exhibi­
tion of the treasures of the collection may be soon provided. 

I have the honor to be, ,-ery respectfully, yours. 

Hon. J. W. PoWELL,· 

Wl\1. H. DALL, 
Paleontologist U. S. Geological Survey. 

JJ·irector United States Geplogical Survey, Washington, D. 0. 
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REPORT OF MR. L. F. WARD. 

UNITED STATES GEOLOGICAL SURVEY, 

DIVISION OF P .A.LEOBOT.A.NY, 

Washington, 1). 0., June 30,.1885. 
SIR: I have the honor to submit the following report of the opera­

tions of the division of paleobotany during the fiscal year. 
The principal work of the division has been the study and illustration 

of the two large collections made by myself in the years 1881 and 1883. 
Most of my own time has been spent in selecting the types from these 
collections and preparing them for illustration. This involved a pro­
longed study of several tons of material, the arrangement of the speci­
mens in systematic order, and months of labor with the hammer and 
chisel, often upon very hard sandstone rock, in working out leaves, 
fruits, and twigs, of which only small portions were disclosed in the 
specimens as originally taken from the beds. In this manner no less 
than 1,056 types have been selected, catalogued, and numbered. These 
have been separated from the rest of the material and arranged in nu­
merical order in drawers by themselves for the convenience of the 
draftsmen and for ready reference. There are included among these 
types a few specimens collected by Messrs. Cross and Emmons at Golden, 
Colorado, a larger number sent me by Dr. Peale from along the line of 
the Northern Pacific Railroad in Dakota and Montana, and also much 
fiue material collected in 1882 by Dr. White on the Lower Yellowstone 
from the same beds in which I obtained my largest collections in 1883. 

This work of preparing the types was completed by the end of Feb­
ruary of the present year, and since that time I have been chiefly occu­
pied in endeavoring to complete their identification by the aid of figures 
prepared in the office. 

Ensign Everett Hayden, TJ. S. N., who was then assigned to duty at 
the National Museum, had devised a system by which the work of illus­
tration could be greatly facilitated through photography. Though still 
suffering from his serious injury the previous season and unable to re­
main in Washington, he had succeeded during the spring and summer 
of 1884, in preparing a number of enlarged drawings, which, ho.wever, 1 
was unable to use to any advantage in the study of the types. On Oc­
tober 6 Mr. Hayden was ordered by the Navy Department to duty at 
the astronomical observatory in Cambridge, Massachusetts, and I was 
left entirely without a draftsman. On the 27th of that month Miss 
Annie S. Moorhead was assigned to my division in that capacity, but 
as she was wholly without experience in that branch of work the 
progress made was slow and unsatisfactory. When, therefore, Mr. 

· Hayden informed me in December that he had become satisfied that 
the duty to which he had been assigned at the observatory was in 
compatible with the preservation of his health and expressed a de­
sire to return to his former post, I gladly seconded his eifort and wel­
comed his restoration, on the 16th of that month, to his former duty 

6 GEOL--6 
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as illustrator of fossil plants. Assisted by Miss Moorhead! and with 
the co-operation of the photographic division of the Survey, he has 
pushed this department of the work rapidly forward, until at the pres­
ent time four hundred drawings are completed and ready for the en­
graver. 

The great necessity was first for figures of natural size which could 
be used in the study of the specimens. The drawings by our method 
are always enlarged, and are, therefore, not available for this purpose. 
It was at first proposed to have photo-engr.tvings made as fast as the 
drawings were completed, and to use proofs of these as aids to study; 
but this method was found objectionable, because it required the draw­
ings to be completed prior to identification, whereas it constantly hap­
pens that improvements can be made in them during the progress of 
study and as a consequence of it. This system was therefore discon­
tinued and a new plan was devised which obviates both these objec­
tions. This method consists in reducing the drawings to their natural 
size by photograph~', and in using the photographs from the drawings 
as aids to study. The result has proved satisfactory in all respects, and 
by arranging the drawing in large groups, often thirty or forty in a 
group, the photographic work is reduced to a minimum. By having 
several impressions of these groups it is found that they can be utilized 
to great advantage. 

My plan of work may be simply stated : One set of the photographs is 
cut up into independent figures, which are mounted on cards and ar­
ranged in the numerical order of the types for reference in cases where 
the number is known. A second set of the groups of figures is mounted 
intact upon large card~boards, which a,re suspended from a revolving 
cylinder devised for the purpose. This is found to be the main depend­
euce when making comparisons with the figures of fossil plants pub­
lished in the numerous illustrated works on the subject, which compari­
son constitutes the principal labor in the identification of species. One 
or more reserve sets are left unmounted for excbange or for other pur­
poses, and if more are needed blue prints are made without further tax 
upon the photographer. For all these and many other ingenious de­
vices which need not be named here, but which greatly fiwilitate re­
search, I am chiefly indebted to the fertile mind of Mr. Hayden, whose 
invaluable assistance it gives me great pleasure thus publicly to ac­
knowledge. 

On the 3d of February I received an official invitation to prepare a 
contribution to the Sixth Annual Report of the Survey for the yearr; 
1884-'85. As most of my collections have been from the Laramie Gc-oup, 
as I understand its limits, and as my report upon those collections will 
be so large that all general considerations will probably be crowded out 
of it, I thought that such a paper would afford :m opportunity to 
offer some discussion of the facts observed by myself and to collect 
into compact form the leading points that have been dwelt upon by 
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others in relation to the flora of this group. As such a paper must be 
to some extent a compilation and aim to give a synthetic view of the 
subject of this now celebrated _flora, the details of which are scattered 
through scores of volumes of scientific journals and official reports, it 
seemed to me that the paper might be properly entitled a ~'Synopsis of 
the flora of the Laramie Group." Such a paper I have undertaken to · 
prepare, and it is herewith submitted. In addition to such general 
discussions, tabular exhibits, aud digest of the literature, as above in­
dicated, l have introduced some descriptive matter derived from my 
field notes and from specimens of peculiar interest collected by myself, 

. which latter will be illustrated by from thirty to thirty-five plates. It 
will not, however, constitute in any :..;ense a descriptive paper, and the 
figures, though they will be accompanied by names, provisional at least, 
are only introduced for the purpose of illustrating the general character 
of the Lammie flora as I found it. 

Although the force of the division has been chiefly employed and its 
energies have been concentrated upon the scientific department as· above 
outlined, there has been no relaxation in my efforts to push forward the 
work upon the proposed'' Compendium of Paleobotany," a rough draft 
of the contents of which was given in my last administrative report. 
This branch of the work was necessarily interrupted during three 
months. of the year, from October 1, 1884, to January 3, 1885, when it 
was resumed upon the employment of Mr. Bruno Muller. His first 
work was to complete the slip index of species· so far as the works in 
hand were concerned. This work bas been done in a very satisfactory 
manner, and as the sub-library which I have collected from various 
sources embraced most of the principal systematic works on the sub­
ject,. this index, now consisting of between 35,000 and 40,000 slips, each 
slip referring directly to the page, plate, and figure where the species 
is published, and all arranged in strictly alphabetical order and placed 
in drawers fitted up for this express purpose, constitutes a most efficient 
a ill to my researches: lt is of course still incomplete, many work~'>, some 
quite important and some very recent, not having yet come into my 
possession and I am now making every efl'ort to secure these works. 
Within the last month Mr. Muller has prepared a large list of the titles 
of such works, and this has been placeu in the hands of Mr. George H. 
Boehmer, in charge of the international exchanges of the Smithsonian 
Institution, who has special facilities fur securing them in exchange for 
the publications of the Institution and those of the National Museum 
and the Geological Survey, and who has kindly offered to ascertain the 
prices and mode of securing such as cannot be obtained otherwise than 
by purchase. 

Before proceeding further with the work of cataloguing species it 
has been thought best to complete the list of titles of all works on fos. 
sil plants, so far as such titles can be secured, and within the past ten 
days Mr. Mi:i.ller has commenceu work upon this branch of the subject. 
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I greatly regret the delay in the preparation of this important .man­
ual, but unless work upon it is again suspended I see no reason to 
doubt that the manuscript will be read{ by the close of the next fiscal 
year. 

In my capacity as an honorary curator for the National Museum I 
. have, with the co-operation of the director and the assistant director 

of the Museum, been conducting during a considerable portion of the 
year a series of operations which are of the highest importance to m,y 
paleontological work, but which I have not thus far reported to you be­
cause they more properly belonged to my reports as curator .. It is, how­
ever, proper that the character of this work should be made known to 
you and its direct bearing upon the work of the Geological Survey be 
pointed ont. 

The value of all work in paleobotany must depend entirely upon the 
correctness of the determinations of the plant remains which are found 
in the rocks. These determinations are admitted to constitute the most 
difficult branch of paleontological science. Those who have attained to 
any high degree of proficiency are often spoken of as possessing some­
thing jeyond the ordinary measure of human judgment. While admit-

, ting that the masters in this difficult science have been men of extraordi· 
nary powers of ·observation and comparison, I have become convinced, 
from a protracted study of their works, that these qualities would ha\re 
availed them little had they not had at the same time access to a1~ exceed­
ingly wide range of material for their exercise. Fossil plants can only be 
identified by comparison with living plants, and the more extensive the 
collections of the latter the more trustworthy will be the determinations 
of the former if faithfully made. 

From the outset of my investigations in this department four years 
ago I have been deeply impressed with the great need of more exten­
sive collections, and of having such as exist in greater proximity to the 
department of-fossil plants, and I thus early commenced urging upon 
the Museum authorities the necessity of establishing within the Museum 
a department of botany and an herbarium. As you are aware, by an 
arrangement effected many years ago, all botanical collections belong­
ing by law to the Museum were deposited with the Commissioner of 
.Agriculture. I urged that this custom be discontinued, but practical 
questions as to space and cost delayed action, although the Museum 
authorities were anteceuently disposed to this course. I was several 
times consulted as to the probable expense and the proper person to 
select as curator of botany, but up to the close of the last fiscal year 
nothing had been done further than to bold certain collections, notably 
a very large one which had been received from the herbarium at Kew. 
I finally made the proposition that on condition that the herbarium be 
located in immediate proximity to the department of fossil plants I 
would undertake to perform the duty of curator, provided a suitable 
assistant be assigned me; and I further oftered to contribute my own 
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collection of plants, consisting of about 5,000 species and 15,000 speci­
mens, as a nucleus for the herbarium. This proposition was accepted, 
and as soon as space could b.e provided steps were taken in this direction. 
On February 2, 1885, my herbarium was removed to the Museum, and 
shortly afterwards the collection from the Kew herbarium was trans­
ferred to my charge. 

Early in November two assistants, Mr. Frank H. Knowlton and Mr. 
A. L. Sc~ott, employes of the National Museum, were assigned to the· 
departments of botany and fossil plants to assist in the previously much 
neglected work connected with the curatorship, which I had found it 
impossible to perform in connection with my duties for the Geological 
Survey. These gentlemen are still under my charge and have performed 
a very large amount of important work, chiefly of a scientific character. 
Mr. Knowlton is an efficient botanist, and l have found it possible to 
entrust to his charge nearly all the duties incident to the curatorship. 
Mr. Schott came to theM useum from the Botanic Garden to take charge 
of the palms and other ornamental plants that were transferred from 
there and placed in the rotu_nda of the Museum, the whole of which 
matter naturally fell under my department. Taking advantage of his 
familiarity with the public gardens and parks of the city, I have as­
signed to Mr. Schott the duty, among others, of making collections of 
specimens from all the trees, shrubs, and other plants growing within 
the limits of Washington, including such green-houses as were acces­
.sible. With the permission of the several authorities in charge of these 
inclosures be has made extensive collections of this nature, greatly en­
riching the herbarium and increasing its usefulness as an aid to the 
identification of fossil plants. By these and all other available means 
I hope eventually to possess the facilities to the help of which the great 
success of certain celebrated investigators in Europe is so largely due. 

Very respectfully, your obedient. servant, 

Hon. J. W. Po~ELL, 

LESTER F. WARD, 
Geologist. 

Director United States Geological Survey, ~ashington, D. 0. 

REPORT OF PROF. WILLIAM M. FONTAINE. 

UNITED S'l'A'I.'ES GEOLOGICAL SURVEY, 

Noel's Post-office, Virginia, _June 18, 1885. 
SIR.: I have to report that during the months of 1\'Iay and June of 

the past year I was engaged in making a preliminary examination of 
the belt of Younger Mesozoic strata extending from Fredericksburg to 
Washington City. In August and September I hired a wagon and 
team, and taking ·camp equipment, proceeded, while camping out, to 
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make a detailed examination of the same belt. My examination cov­
ered the entire belt from Fredericksburg, Virginia, to Washington. 
This, with previous examinations made of the strata of the same age 
extending from Petersburg by Richmond to a point in Caroline County, 
Virginia, enabled me to make a report covering the whole of the 
Younger Mesozoic formation in the State of Virginia. l1"or the details 
of the results obtained reference is made to the repor~: which some 
months ago was forwarded to you. In the course of my examination 
new and important localities affording plant fossils were found and con­
~iderable collections were made, which add much to the value and in-
terest of the fossils previously obtained. ' 

When not employed in the field work above mentioned, such time as 
was not occupied by my professional duties was bestowed on the study 
and drawing of the considerable amount of fossil plants collected from 
time to time. 

This material will furnish a large and important addition to our knowl­
edge of the plant life of a formation that is as yet almost a blank with 
respect to its paleobotany. 

Very respectfully, 

Ron. J. W. PowELL, 

WM. M. FONTAINE, 
Paleontologist. 

Director United States Geological Sttrvey, Washington, D. C. 

REPORT OF PROF. F. W. CLARKE. 

UNITED STATES GEOLOGICAL SURVEY, 

DIVISION OF 0HEMIS1'RY AND PHYSICS, 

Washington, July 1, 1885. 
SIR: I have the honor to submit the following report of work done in 

the division of chemistry during the fiscal year 1884-'85 . 
.At the close of the preceding fiscal year our laboratory force in Wash­

ington consisted of Dr. F . .A. Gooch, Dr. T. M. Chatard, two laborers, 
and myself, and we still occnpied the comparatively small suite of rooms 
on the second floor of the southwest pavilion of the National Museum. 
On the 1st of August Mr. J. Edward Whitfield was ad<1ed to our corps 
of analysts, and on the 1st of March Mr. R. B. Riggs was also appointed. 
The force now at work in our chemical laboratory consists, therefore, of 
five chemists and two laborers. 

Early in October, in consequence of the removal of the Survey offices 
to the llooc buildings, the rooms in the northeast pavilion of the 
Museum became vacant. These rooms, twelve in number, were then 
placed at the service of this division, and as quickly as possible nine of 
them were fitted up for, laboratory purposes. The three rooms upon 
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thP, ground floor, one large and two small, were assigned to the physical 
laboratory; which, still in charge of Drs. Carl Barns and William 
Hallock, was moved from New Haven to Washington in November. 
The room ·on the second floor, formerly used as a library, was equipped 
as a workshop and furnace room, whi.le the four remaining rooms upon 
the same floor were fitted up as a general chemical laboratory. On the 
third floor one room was also arranged as a laboratory, one was taken 
as a storage room, and two others remain in partial use, to be devoted 
hereafter to special lines of chemical investigation. With the equip­
ment of the latter our laboratory will become practically complete. 

The work of the division during the year has necessarily been very 
varied. In the first place, a large number of routine analyses have 
been made, mainly with reference to the work of the field geologists. 
A list of these analyses would obviously be out of place in this report, 
so that a bare indication of their general character must suffice for 
present purposes. They have inclmled, besides other matters, exam­
inations of coals and iron ores from West Virginia, cla;ys from Wit~JCon­
sin, waters, travertines, geyserites, and obsidians from the Yellowstone 
Park, interesting minerals from various localities, volcanic rocks from 
New Mexico, several mineral waters, a series of maritime soils from 
Massachusetts, some assays of ores, etc. A few analyses have also 
been performed for the accommodation of other departments of the 
Government, such as two samples of paper for the Post-Office Depart­
ment, two building stones for the Supervising Architect of the Treas­
ury, and so on. The division has also been called upon to identify a 
considerable num.ber of mineral species. 

A second portion of our work has been in the line of original research, 
and in this direction a good beginning has been made. Throughout 
the~ ear l have myself been engaged upon in\estigations,. partly in the 
laboratory and partly theoretical, upon the chemical constitution of the 
natural silicates and the laws governing their alteration. This work, 
which was often interrupted by matters of immediate urgency, is still 
in progress, but some conclusions of value have already been reached. 
For example. it has been shown that many of the mineral silicates are 
substitution derivatives of the normal almpinum orthosilicate, a con­
clusion which helps to explain the genesis of some important rock­
forming species. These investigations have been accompanied by some 
fielll work, as in August I made a two weeks' trip among the lepidolite 
localities of Oxford County, Maine, and in September I spent three days 
among the feldspar quarries of central Connecticut. In both regions 
I collected valuable material bearing upon the subject of my re­
searches. 

Another line of cbemico-geological investigation was taken up by Dr. 
Chatard, relative to the origin of corundum. In August and again in 
October he visited the corundum mines near Franklin, North Carolina, 
made collections of material, and took careful notes of the mode of oc­
currence of the mineral. The samples collected, representing a section 
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of the Corundum Bill locality, have since been under examination in 
the laboratory, and a valuable suite of an;-tlyses bas been made. 

During the summer, from early July until late October, Dr. Gooch 
was in the field with Mr. Hague's party. He collected much material 
relative to the geysers of the Yellowstone Park, and the analytical part 
of the investigation is still in progress. Dr. Gooch has also done some 
valuable work during the year in the improvement of analytical . pro­
cesses, and has prepared two papers upon them. One describes a form 
of soluble filter, the other a method of separating aluminum from 
titanium. Both processes will be of great service in the future work 
of the division. 

The work done in the physical laboratory of the division has naturally 
been somewhat interrupted by the removal from New Haven 'aud by 

' the absence of Dr. Hallock during the summer on ·field duty with Mr. 
Hague. Progress, however, may be reported in the investigation of 
high temperatures. Dr. Barns, furthermore, bas completed a most valu­
able research upon the thermoelectric properties of the iron carburets, 
now in type and ready for publication as Bulletin 14. The new physical 
laboratory is now in good running order and work in it will be pushed 
forward rapidly. 

Very respectfully, 

Ron. J. W. PowELL, 

F. W. CLARKE, 
Chemist. 

Director United States Geological Survey, Washington, D. a. 

REPORT OF MR. ALBERT WILLIAMS, JR. 

UNITED S'l'ATES GEOLOGICAL SURVEY~ 

DIVISION OF MINING STA'l'ISTHJS, 

Washington, D. a., June 30, 1885. 
SIR: I have the honor to report that the work of this division during 

the fiscal year 1885, ending on this date, has consisted mainly in the 
preparatio11 of a report on the condition of the mineral industries during 
the past two calendar years. This report, entitled the "Mineral Re-. 
sources of the United States, 1883 and 1884,'' is now in press. It is in 
continuation of the report for the calendar year 1882, issued in 1883. 
The following is a summary of the metallic and non-metallic mineral 
production during the last three years, from which it appears that the 
total value of the metals and minerals produced in 1884 was $39,100,008 
less than in 1883, and that the decline in1883 from 1882 was $3,012,061; 
that is, the falling off in value began on a small scale in 1883, but was 
still more marked in 1884. The net decline, as will be seen by reference 
to the tables, bas been due rather to a depression in price than to a 
decrease in quantity; indeed, several important substances sllow a de­
cided increase in production, notwithstanding the general dullness of 

I 

I 
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trade. The overproduction, taking the whole field into consideration, 
has been less than was generally feared. 

MetaUic products of the United States in 1884. 

Quantity. j Valu~ 

Pig-iron, spot value ............................................. !ong tons.. . 4, 097, 868 $i3, 761, 624 
Silver, coining value ................... : ..................... troy ounces.. 37, 744, 605 48, 800, 000 
Gold, coining value ................................................ do ...... · 1, 489,949 30.800, 000 
Copper, 1'alue at New York City (a) .............................. pounds.. 145,221, 934 17, 789,687 
Lead, >alue at New York City ................................ short tons.. 139,897 10,537,042 
Zinc, value at Now York City ..................................... do...... 38,544 3, 422,707 
Quicksilver, value at San Francisco ................................ flasks.. 31, 91~ 936,327 
Nickel, value at Philadelphia (b) ................................. pounds.. 64, 550 48, 412 

Aluminum, vain" at Philadelphia ............................ troy ounces.. 1, 800 1, 350 

Platinum, value crude at New York City ......................... do ...... 

1 

150 I 450 

Total................................................................. .... .. .. . . .. .. 186,097, 599 

a Including copper inade from imported pyrites. b Including nickel in copper-nickel alloy. 

Non-metallic mineral products of the United States in 1884 (spot values). 

------------------------------! Quantity. I Value. 

Bituminous coal, brown coal, lignite, and anthracite mined elsewhere than 
in Pennsylvania (a) ............................................ long tons .. 73,730,539 

Pennsylvania anthracite (b) ........................................... do.... 33, 175,756 
Petroleum .......................................................... barrels.. 24, 089, 758 

~:~~~~:~~-~~~:::: :::::::::::::::::::::: ::·::::: :::·::::: :::: ::·::·:::: ::~~i=~~ J ~:: ~~~: ii~-
Cement ................................. · .............................. do .... 4,000,000 
South Carolina phosphate rock (c) ................................ long tons.. 431, 779 
Limestone for iron flux ........................... : .................... do.... 3, 401,930 

Mineral waters ................................................. gallons sold .. 68,720,9361 

~i:t::~i~:~::::::: :::::::.::::::::::::::::::::::::::::::-::::: ::::~~~~~-~~~~:: . - .. -~~: ~~~-
Concentrated borax ......... ~ ....................................... pounds.. 7, 000, 000 
New Jersey marls ............. :.: ............................... short tons.. 875,000 

:;~~~~--- _·_-_·_·_·_-_·_· .- .-.·_· .- .·::: :.· .· _·_·_- _· .·.·: .-::: ::::_.-: :: _. .- _. _- _. .- .-.-.-: _._. _. _.: _._.: :;~:;~:::: :t 1:~: ~~~ 
Gold quartz souvenirs, jewelry, etc .................................................... --~ 
~iangancl'\e ore .......... ~ ................. -- .... : ....... ~-· .......... loug tons.. 10,000 
Crude harytes ............................................... : .. . .. . .. <lo- .. . 25, 000 
Ocher ................................................................. do.... 7,000 
Prel?.ious Stones .. ·'· ............................................................ -....... ........... . 
Bromine ............................................................ pounds.. 281,100 
Feldspar ......... · ................................................ long tons.. 10, 900 
Chrome iron or" ...... : ................................................ do.... 2, 000 

As best us ........................................................ short ton•.. 1, 000 
Slate ground as a pigment ........................................ long tons.. 2, 000 
Sulphur ............................. : ............................ short tons .. 
Asphaltum ................................................. ' .......... do ... . 
Cobalt oxide.. . . .. • . • . .. .. . . .. .. .. .. .............. : ................ pounds .. 

fiOO 

3, 000 
2, 000 

$77,417,066 
~6, 351,512 
20,476, 2M 
19, 000, 000 
18, 500,000 

4, 197,734 

3, 720, ooo 
2, 374, 784 

1, 700, 965 
I, 665,490 
1, 460,000 

910, 000 
490,000 
437,500 

368, 525 
175,000 
140,000 
120,000 
100, 000 
84,000 
a2, 975 

67,464 
55t 112 
35,000 
30, 000 
20,000 

12,000 
10, 500 

5, 100 

Total .... :......................................................................... 220,007,021_ 

a The commercial product, that is, the amount marketed, was· only 66,875,772 ton a, worth $70, 219,,';61. 
b The commercial product, that is, the amount. marketed, was only 30,718,293 tons, worth $61,436,586.' 
c Year ending May 31. 
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Resume of the values of the rnetallic and non-metallic mineral substances produced in the 
United States in 1884. 

Metals 
Mineral substances named in the foregoing table ........................................ . 

Fire-clay, kaolin, potter's clay, common brick clay, terra cotta, building sand, glass sand, 
limestone used as flux in lead smelting, limestone in glass making, iron ore used as flux 
in lead smelting, marls (other than New. Jersey), gypsum, tin ore, antimony, iritlosminc, 
mill-bubrstone, and stone for making grindstones, novaculite, corundum, Iithop;raphic 
stone, talc and soapstone, qu:u·tz, fluorspar, nitrate of soda, carbonate of soda, sulphate 
of soda, native alun1, ozocerite, mineral soap, strontia, infusorial earth and tripoli, 
pumice-stone, Sienna, umber, etc., certainly not less than ...................... ........... . 

$186, 097' 599 
220, 007. 021 

406, 104, 620 

7, ooo, 000 

Grand total. ............................................................... . -.... 413, 104, 620 

Metallic products of the United States in 1883. 

QuantHy. Value. 

Pig iron, spot value ...................•..............•......... :.long t01= -4,595, 51~~-;1, 910,200 

Silver, coining value .......•...••........••.....•.•...........• troy ounces .. 35,733, 6_22 46, 200, 000 

Gold, coining value ..................•.•..•.•......•..•....••.....•..•. do... 1, 451,249 30, 000, OCO 

Copper, value at New York City (a) ............................... pounds .. 117, 151,795 18, 06l, BO'l' 
Lead, value at New. York City .................................. short tons .. l 143, 957 12,322, 719 

Zinc, value at New York City ........................................ do.... 36,872 '· 3, 311,106 

Quicksilver, value at San Francisco ................................. flasks.. 46, 725 1, 253, 632 

Nickel, value at Philadelphia (b) .................................. pounds.. 58, 800 52, 920 

Aluminum, value at Philadelphia ............................. troy ounces .. 
Platinum, value crude at New York City ............................. do .. .. 

1, 000 

200 

875 

600 

Total................................................................. ...... ...... 203,116,859 

a Including copper made from imported pyrites. b Including nickel in copper-nickel alloy. 

Non-metallic mineral p1·oducts of the United States in 1883 (spot ~:alues). 

Quantity. Value. 

--~------------- -~-- -~~-1-~--

'Bituminous coal, brown coal, lignite, and anthracite mined elsewhere than 
in Pennsyh·ania (a) ............................................ long tons .. 68,531,500 

Pennsylvania anthracite (b) ........................................... do .... 34,336,469 

Petroleum ......................................................... barrels .. 23,400,229 

Buil<ling stonu .............. ........................... _ ...... ___ . _ ......... . 

Lime ............................................................... barrels .. 
Cement ............................................................... do .. .. 
Salt ................................................................... do .. .. 
South Carolina phosphate rock (c) ................................ long tons .. 

32, 000, 000 

4, 190, 000 

G, 192, 231 

378, 380 

LimeAtoue for iron flux ............................................... do .... 

1 

3, 814,273 

Mineral waters ................................................. gallons sold .. 47,289,743 

Concentrated borax ................................... __ ............ pound3.. 6, 500, 000 

New Jersey marls .............................................. short tons.. 972,000 

Natural gas ................................ ................................. . 
Mica .............................................................. pounds .. 
Pyrites .......................................................... long tons .. 

114, 000 

25,000 

Manganese ore ........................................................ do.... 8, 000 

Gold quartz souvenirs, jewelry, etc ........................................ .-............ . 

$8~. 237, 800 

77, 257, 055 

25, 740, 252 

20, 000,000 

19,200, 000 

4, 293, 500 

4, 211, 042 

2, 270, 280 

1, 907,136 

1, 139,483. 

585,000 

486, 000 

475, 000 

285, 000 

137, 500 

120,000 

115,000 

a Tbe commercial product, that is, the amount marketed, was only 65,268,095 tons, worth $78,321,714. 
bThe commercial product, that is, the amount marketed, was only 31,793,027 tons, worth $71,534,311. 
cYcar ending May 31. 
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Non-metallic mineral products of the United States in 1883 (spot values)-:-Continued. 

----------- I Quantity. 

Crude barytes .................................................... long tons .. 

1 

27,000 

Precious stones---- ....................... -- ...................................... ...... ------- ... -- .... - .. -- ... -. 
Ocher ............................................................ longtons.. 7,000 

Bromine ............................................................. pounds.. 301,100 

Value. 

$108,000 

92, 050 

84,000 
72,264 

Feldspar ....................................................... ~ .. lon~tons.. 14,100 71,112 
Chrome iron ore .... : ................................ · .................. do.... 3,000 60,000 

Graphite ........................................................... pounds.. 575,000 46, 000 
Ashestus ......................................................... short tons.. I, 000 30,000 

Sulphur ................................................................ do.... 1, 000 I 27, 000 
Slate ground as a pigment -.................................... '. long tons.- 2, 000 24, 000 
Asphaltum ....................................................... short tons.. 3, 000 10, 500 

Cobalt oxide ...................... - .. • .............................. pounds.. 1, 096 i' 2, 795 

Total. ................................................................. =~ W,087, 769 

lltfsume of the values of the metaTlic and non-metallic ntineralsnbstances p1·oduced in the 
United States in t883. 

Metals . .. . .. . .. .. .. .. .. .. .. .. .. .. .. . .. . . .. .. .. . .. .. .. .. . .. .. .. .. .. .. .. .. .. .. . . . . .. .. . .. .. $203, 116, 859 
Mineral substances named in the foregoing table....... .. . ... .. . ....... .. ... . . .. . . . . .. . . 241,087, 769 

.. 
Estimated value of mineral products unspecified ....................................... .. 

444, 204, 628 
8, 000, 000 

Grand total............ .. . . . .. • • . .. .. .. . . . .. . .. . . .. .. . . . . .. . . .. .. .. . .. . . .. . . .. . . .. .. 452, 204, 628 

Metallic produ.cts of the United States in 1882. 

Quantity. Value. 

Pig-iron, spot value ..... : ........................................ longtons .. 4,623,323 t106,336,429 
Silver, coining value ........................................... troyounces .. 36,197,695 46,800,000 

Gold, coining value.--~.-- ...... --·· ........................ - .......... do .... . 
Copper, valuo at New York City (a) ................................ pounds .. 
Lead, value at New York City .................................. short tons .. 

. Zinc. valu<; at New York City ...................................... do ..... . 

1, 572,186 

91,646,232 
1a2, 89a 

33, 765 

32,500, 000 

16, 038, 091 

12,624,550 

3, 646, 620 
Quicksilver, value at San Francisco ................................. flasks.. 52,732 1, 487,042 

Nickel, value at Philadelphia (b) ................................... pounds.. 2_81, 616 309,777 
Antimony, value at San Francisco .............................. short tons.. 60 12,000 

Platinum, value crude at New York City ...................... troy ounces.. 200 600 
-------­

Total . . . . .. .. .. . .. .. . . . . . .. .. . . . . . . . .. . .. .. .. . .. .. . . .. . .. . .. . . . .. .. . .. . .. . .. . .. .. . . 219, 755, 109 

a Including copper made from importod pyrites. b Including nickel in copper-nickel alloy. 
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Non-metallic mineral p1·oducts of the United States in 1882 (spot values). 

Quantity. 

Bituminous coal, brown coal, lignite, and anthracite mined elsewhere than 
in PennRylvania (a) •••..•.•••..••........•••.. : ••.••...•.••.•.. long tons .. 60,861,190 

Pennsylvania anthracite (b) .......•.........•••.••••••...•..•.••...•••. do .... 31,358,264 
Crnde petroleum (c) ................................................ barrels .. 30,053,500 
Limo .................................................................. do ... : 31, 000, 000 
Build:.:.g stone ................................... : ..................................... . 
Salt ................................................................ barrels.. 6, 412,373 
Cement ................................................................ do.... 3, 250,000 
Limestone for iron flnx ........................................... long tons .. 
South Carolina phosphate rock (d) ..... .' ............................... do .. .. 
New Jersey marls_, ___ .......................................... short tons .. 

Concentrated borax ................................................ ponnds .. 
Mica .................................................................. do ... . 

3, 850,000 
332,077 

I, 080, 000 
4, 236, 291 

100, 000 
Natural gas ............................................................................ .. 
Ocher ............................................................ long tons.. 7, 000 
Soapstone ................................................ : ....... short tons .. 

Crude barytes .................................................... long tons .. 
6, 000 

20, 000 
Precious stones ........................... -- ................. ---- ... - ..... - .. . - ... --.- .. -. 
Gold quartz souvenirs, jewelry, etc ............... -.... .. - ........... -- ........... - .... ----. 
Pyrites ........................................................... long tons.. 12,000 
Manganese ore ........................................................ do.... 3, 500 
Cbron1e iron ore .................... ---- ...... _ .......................... . do .. . 
Asbestus ......................................................... short tons .. 

Graphit& .. : ........................................................ pounds .. 
Cobalt oxide ........................................................... do ... . 

Slate ground as a pigment ........................................ long tons .. 
Sulphur .......................................................... short tons .. 

.Asphaltum ............................................................ do .. .. 
Corundum ........... , ................................................. do .. .. 

Pumice-stone .......................... : .. ............................. do .. .. 

2, 500 
1, 200 

425,000 
11,653 

2, 000 

600 
3, 000 

500 
70 

Valne. 

$76, 076, 487 
70,556,094 
23,704,698 
21,700,000 
21, 000,000 

4, 340, 140 
3, 672,750 
2, 310,000 

. 1, 992,462 
540, 000 
338, 903 
250,000 

215,000 
105,000 

90, 000 
80, 000 
75,000 
75, 000 
72, 000 
52, 500 
50,000 
36, 000 
34, 000 

32, 046 
24, 000 
21,000 
10, 500 

6, 250 
1, 750 

Total.................................................................. .... .. .. .... 227,461, 580 

---------·----------------------------------~------~------
a The commercial product, that is, the amonntmaJ·keted, was only 57,963,038 tons, worth $72,453,797. 
b The commercial product, that is, the amount marketed, was only 29,120,096 tons, worth $65,520,216. 
c Pennsylvania an·d New York field only; the ontsfde production was very small. 
d Y car ending May 31. · 

Resume of 1-hc values of the metallic and non-metallic ntineral substances produced in the · 
United States in 1882. 

Metals .................................................................................... $219, 755, 1tl9 
Minora! substances named in the foregoing table......................................... 227, 461, 580 

447, 216, 689 
Estimated value of mineral products unspecified ........................................ . 8, 000, 000 

Grand total .. .. .. . .. .. .. .. .. .. .. .. • .. .. . .. .. . .. .. .. .. .. . .. .. .. • .. .. .. .. .. . .. .. . ..... 455, 216, 689 

In addition to the purely stat-i'stical work of this division, information 
regarding the occurrence and utilization of the mineral products has 
been furnished by correspondence in reply to numerous inquiries. 

The office force has consisted of Mr. W. A. Raborg and myself, with 
occasional clerical assistants. The collection of statistics and prepara­
tion of technical and descriptive matter have been carried on in this office, 
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but more largely by my agents and correspondents in various parts of 
the country, to whose public spirit and cordial co-operation I am largely 
indebted. 

Very respectfully, your obedient sen-ant, 
ALBERT WILLIAMS, JR. 

· Hon. J. W. POWELL, Geologist in Charge. 
Director United States Geological. Survey, Washington, D. 0. 

REPORT OF MR. GEORGE W. SHUTT. 

UNITED S'l'ATES GEOLOGICAL SURVEY, 

DIVISION OF FORESTRY, 

Washington, D. 0., June 30, 1885. 
·sm: I have the honor to submit a brief statement of the operations 

of the forestry division of the Survey for the year ending J nne 30, 1885. 
In accordance with your directifms, I have made during the last two 

years a careful inspection, traveling by wagon and on horseback, of the 
least known regions of the Appalachian range embraced within the 
limits of Virginia and West Virginia. 

I also addressed a series of questions to selected citizens in the two 
States respecting the forest distribution of the counties of their resi­
dence, the kinds of trees by districts, and the names and ~ituatiou of 
streams and mountains. Besides the reports transmitted referring to 
the trees of the districts concerned, there were received in response to 
the inquiry last named, skewhes and partial maps of over forty coun­
ties not heretofore mapped and generally unknown. From many other 
counties not mapped trustworthy information respecting forest distri­
bution was received, and from all, including those mapped, a statement 
of existing facilities for the transportation of logs and lumber by streams 
not navigable to railroads or navigable waters. 

I do not undertake at this time to give the correct location of all the 
forest districts in the counties concerned, this being a part of the work 
that must necessarily be deferred until a satisfactory map of each State 
shall have been completed. 

The average stumpage value of such forest products accessible to 
markets as are classified by the statements and estimates received ex­
ceeds, according to the best information attainable, $4 a thousand feet, 
and the value of the pro•luct in the markets of the world would be 
more than four times as great. In the State of West Virginia alone 
the value of the standing timber at this rate amounts to $447;000,000. 

I purpose to embody the results of my investigations in a .paper, ac­
companied by full statistical details, which I shall shortly submit for 
publication as a bulletin by the Survey. 

I am, very respectfully, your obedient servant, 
. GEORGE W: SHUTT, 

Hon. J. W. POWELL, 
Chief of Forestry Division. 

1Jirectm· United States Geological Survey, Washington, D. 0. 
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REPORT OF MR. W. H. HOLMES. 

UNITED ST.ATES GEOLOGICAL SURVEY, 

DIVISION OF ILL US1'RATIONS, 

Washington, July 13, 1885. 

• 

SIR: During past years it bas been the practice of the Survey to giye 
out a large portion of the work of preparing illustrations to competent 
draugbtsmen not connected with the office. This methodseemed to be 
open to objection, and, acting in accordance wi tb instructions from you, I 
have, within the fiscal year, selected a number of draughtsmen having 
especial qualifications for the work who have been regularly attached to 
the Survey. The results appear to be entirely satisfactory. 

It is still occasionally necessary, when there is a pronounced increase 
in the amount of work called for, to give a portion of it out by contract. 

Acting under my personal direction in this office, there- are three as­
sistants: Mr. DeLancy W. Gill, who is especially proficient in land­
scape and panoramic work, as well as in the drawing of all kinds of dia­
grams and sections; Mr. John L. Ridgway, an adept in all branches of 
natural history work, especially paleontology; and Mr. Frederick W. 
von Dacbenhausen, who bas worked only in paleontology. 

Draugbtsmen not located in the Survey building are necessarily under 
the direction of the gentlemen .for whom they work. With Mr. L. F. 
Ward, at the National Museum, are Ensign Everett Hayden and Miss 
Moorhead, who are engaged largely upon fossil botany. Professor 
Scudder's assistant, Mr. Blake, prepares the former's drawings of fos­
sil insects, while Professor Marsh has most of his illustrations drawn 
directly upon stone by the lithographers. 

A number of the geologists and paleontologists-Messrs. Fontaine 
Whitfield, McGee, and others -make their own drawings; and Mrs. 
H. D. Irving, the wife of Professor Irving, prepares his microscopic plates 
(a work in which she is unsurpassed) without compensation from the 
Government. 

The methods of reproduction employed include lithography, chromo­
lithography, wood engraving, and several photo-engraving processes. 
Chromo-lithography is rarely used, excepting where artistic coloring 
is essentjal or in atlas work. Photolithography is the most economical 
method for large work, such as panoramas, maps, and sheets of sec­
tions. Lithography is employed on special work where other cheaper 
processes are inadequate. The same may be said of such methods as 
the heliotype and the artotype, which are excellent in the repro­
duction of photographic originals where minute details of light and 
shade must be preserved in fac simile. With the exception of photo­
lithography, these methods are all expensive and have the additional 
disadvantage of requiring re-engraving for each new edition called for. 

Wood engraving and photo-engraving processes ha>e peculiar ad-
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vantages for scientific work. They supply plates that may be pre­
served, and which, by electrotyping, may be multiplied indefinitely. 
These can be set up with the type or arranged in separate plates, as the 
author chooses, and are capable of rearrangement with every additional 
representation or with each varying presentation of the matter to which 
they pertain, and all of this without additional cost. These are, there­
fore, strong reasons why one or both of these processes should be made 
available for a wider and wider range of work. 

Photo-engraving is entirely successful within a certain range of sub­
jects, including simpler work of all classe~, and where very skillful 
draughtsmen are employml it can be made to cover a very large field; 
but in the reproduction of textures and forms where refinement of tint, 
delicacy of light and shade, and minuteness of detail are essential, wood· 
engraving seems to be the only method having the requisite powers of 
expression, saving, of course, lithography, wbich has, however, tbe fatal 
failings already mentioned. 

Wood engraving is competent to do all that is required, and during 
the last year a strong effort has been made to reach a higher grade of 
execution, but there are a number of difficulties in the way of securing 
the best possible results from this method. To enumerate these diffi­
culties: In the first place engravers are not regularly employed, and 
the illustrations for each work are given out by contract. They thus 
fall into the hands of individuals or firms who may or may not have 

. experience in the work. Engravers are selected according to the best 
judgment of the contractors, but, as a rule, they have little idea of the 
requirements of scientific illustration, and a large percentage of the fig­

, ures are ruined or imperfectly engraved before the peculiarities of the 
. work are understood. This tedious process of apprenticeship and ex­
periment, resulting in indifferent success, must be endured with each 
new contract. 

There is also in wood engraving the difficulty of interpretation by the 
engraver of the forms and textures of the original. If the engraver's 
judgment is at fault a totally wrong idea may be given of the subject 

-treated. In order to avoid this danger as far as possible, the subjects 
are no' longer drawn directly on the wood, but are transferred to wood 
by photography, the original photographs or drawings being preserved 
and kept before the engraver while at his work. They are afterwards 
used for comparison, criticism, and correction. 

The greatest difficulties would be overcome by the permanent employ­
ment of skiHful workmen, and until this is done the fitness of wood­
engraving for scientific illustration can never be properly tested. 

· Formeriy it was very difficult to secure printing of a grade sufficiently 
high to warrant the preparation of first class wood engraving. This 
also worked to the disadvantage of the method, but more recently,· 
through the intelligence and enterprise of the Government Printer and 
his assistants, the printing is greatly improved. 
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In the preparation of illustrations care is taken to secure a high de. 
gree of accuracy. Illustrations are no longer to be treated chiefly as a 
means of embeiiishment; they are expected to express facts with a 
clearness and accuracy not surpassed by the language of the letter 
press. 

With an eye to the future we are endeavoring to secure work of au 
exceptionally high grade. The best we can do will be in danger of 
relegation to a second place by the illustrators of the coming generation· 

During the year illustrations for the following publications have been 
transmitted through this office: 3 monographs, 1 annual report, _and 11 
bulletins. The illustrations for these may be classed as follows : 

27 plates by chromo lithography- 7 microscopic petrography; 20 maps. 
91 plates by lithography- 56 fossil vertebrates; 35 fossil invertebrates. 
14 plates by photo lithrography- maps, charts, diagrams, and SP-ctions. 
7 4 plates by wood engraving -14 fossils; 60 landscapes, etc. 
54 plates by photo engraving -15 fossils; 39 landscapes, sections, etc. 
148 figures by wood engraving_:_landscapes, etc. 
101 figures by photo engraving- miscellaneous. 

Many of the illustrations included in this Jist were prepared during 
preceding years. The following table gives approximately, the drawings 
executed since June 30, 1884; they belong chiefly to volumes not yet 
transmitted to the printer. 

Fossil mollusca, 950 figures. 
Fossil vertebrates, 300 figures. 
Fossil insects, 200 figures. 
Fossil plants, 767 figures. 
Geological landscapes, etc., 20 plates. 

Geological landscapes, etc., 45 figures. 
Panoramic views, 8 plates. 
Charts and map8, 20 plates. 
Sections and diagrams, 90 plates and 

figures. 

A large percentage of the iiiustrations are engrav~d directly from 
photographs; these are not included in this list. The methods of 
reproduction are not determineu upon until the copy is prepared for 
transmission to the Public Printer. 

The photographic work of the Survey has been conducted as in pre­
vious years by Mr. J. K. Hillers, with Messrs. Jones, Smart, and Searle 
as assistants;- - .. 

The gallery has been fumished with an ample skylight and with every 
facility for the execution of the varied and often difficult work demanded 
by both the geologic and the topographic corps. 

A most important feature of the work consists in the reproduction of 
topographic maps which must be prepared with accuracy and dispatch 
for the use of engravers and field parties. 
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During the year another duty bas been imposed upon this division, 
the photographing of fossil remains. This work presents many diffi­
cultiE>s, but by it the palreontologist is enabled to secure greater accuracy 
than by any other method. 

Mr. Hillers has undertaken no field work during the year, but com­
plete dry-plate outfits have been furnished to a number of the field par' 
ties, and thns several hundreds of valnable negatives from all parts of 
the country have been added to the collection. Many of these have 
been transferred directly to box-wood and are being engraved for the 
reports of the Survey. 

The following list shows approximately the number and size of nega. 
tive~, prints, and transparencies made during the year: 

Negatives: · Prints. · Transparencies. 

Size. ·Number.· Size. Number.-· Size. Number. 

------ ----------- --------- ----
28x34 ........... . 

20x24 .•.. : ...... . 

145 28x34 ......•.•.. 

152 20 x24 ... ~- ..... 
54 14x17 .••.....•.. 

84 llx 14 ... : •...... 

. 213 8 X 10 .•......... 

1, 139128x34 ........ . 
1,151 20x24 ........ . 

145 

14 
14x17 .....•.•.... 

llx14 ...... , .... . 

BxlO .•.•.•.•.••• 

408, .. - -- . - - - - - - -- -
3, 705 11 X 14 ........ . 

3 . .135 ,. - -- - . - - -.. . • - . 

Very respectfully, your obedient servant, 
W. H. HOLMES, 

Hon. J. W. POWELL, 
Geologist. 

Director United States Geological S1trvey, W ashi'ngton, D. 0. 

REPORT OF MR. CHAS. C. DARWIN. 

UNITED STA'l'ES GEOLOGlCAL SURVEY, 

Washington, July 1, 1885. 

12 

StR: I have the honor to transmit to you the following statement of 
work done in this division during the fiscal year just ended. 

The library has benefited greatly by the change to its ucw quarters. 
The room which served for accommodation of the infant collection of 
1882 was sadly cramped by the rapid 'increase in the number of books, 
by the accumulations of the publications of the Survey, and by the 
growth of the correspondence relating thereto. The removal was care­
fully planned and made without the loss of a book or paper, during the 
first week in October, 1884. 

The new quarters permit a differentiation of the, work of the division 
· into three lines, which relate to the library proper, to the publication~ of 

the Survey, and to the correspondence with regard to both of these. 
6 GEOL--7 
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LIBRARY. 

During the year the collection of 14,712 books and pamphlets so rap· 
idly acquired before June 30, 1884, has been wholly catalogued by au· 
thors, and this relief from arrears of work permits the current increase 
to be promptly attended to day by day. 

That increase, coming in a g1·eat measure from scientific exchanges, 
has, during the year, almost doubled the contents of the library, so 
that it now has 25,912 volumes and pamphlets. 

CONTENTS· OF LIBRARY JUNE 30, 1885. 

Books. 
On hand June 301 1884: 

Received by exchange ... --· .............................. 8, 714 
Received by purchase .................................... 2, 801 

--- 11,515 
Received during the year: 

By exchange ..... ; ....................................... 2,·451 
By purchase............................................. 746 

-- 3,197 

Whole number of books...... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. • .. 14, 712 

Pamphlets. 
On hand June 30, 1884: 

Received by exchange .................................... 6, 400 
Received by purchase .... -................................ 500 

Received during the year: 
6,900 

By exchange ....... _. .. .. .. .. .. .. .. .. . .. . . . .. • .. .. .. .. .. .. 4, 000 
By purchase .................. : .............. --:·........ ·aoo 

4,300 

Whole number of pamphlets ............... _ ............. ; ........ · ...... 11,200 

Whole number of books and pamphlets ............ ; ...................... 25, 912 

In this table no notice has been taken of maps for the reason that 
they can only at present be approximately enumerated. A map room 
has, however, been set apart for them and the work of entering and 
classifying them begun.· All foreign maps have already been backed 
upon cloth and properly arranged. The detail of a clerk for this spe­
cial purpose during the summer is co'ntemplated and it is hoped that 
on the return of the field parties in the fall they will find the large col· 
lection ofAmerican maps as accessible as the books upon the shelves. 

PUBLICATIONS. 

The publications of the Survey have now become so important and so 
numerous that the force needed for their care and distribution has be­
come of itself a distinct division, and the responsibility imposed thereby 
upon the librarian claims a Yery large part of that time which should 
be given to the library proper. On13 thoroughly accurate man to whom 
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could be safely delegated the supervision of this force and this work 
would amply compensate for his salary by the time thus saved to bib­
liographic work. 

The publications now issued are the following: 

Annual reports. 

First Annual Report to the Hon. Carl Schurz, by Clarence King. 1880. 8°. 79 
pp., 1 map. A preliminary report describing plan of organization and publications . 

. Report of the Director of the United States Geological Survey for 1880-'S1, by J. W. 
Powell. 1882. 8•. lv, 5SS pp., 61 pl., 1 map. 

Third Annual Report of the United States Geological Survey, 18S1-'S2, by J. W. 
Powell. 18S3. S•. xviii, 564 pp., 67 pl. and maps. 

Fourth Annual Report of the United States Geological Survey, 1882-'S3, by J. W. 
Powell. 1S84. 8•. xii, 473 pp., S5 pl. and maps. 

Monographs. 

II. Tertiary History of the Grand Canon District, with atlas, by Clarence E, 
Dutton, Captain U. S. A. 1882. 4°. 264 pp., 42 pl., and atlas of 26 double sheets 
folio. Price, $10.12. 

Ill. Geology of the Comstock Lode and the Washoe District, with atlas, by GeOJ ge 
F. Becker. 1S82. 4°. xv, 422 pp., 7 pl., and atlas of 21 sheets folio. Price, $11.00. 

IV. Comstock Mining and Miners, by Eliot Lord. Hl83. 4°. xiv, 451 pp., 3 pl. 
Price, $1.50. · 

V. 9opper-bearing Rocks of Lake Superior, by Roland D. Irving. 1883. 4°. xvi, 
464 pp., 29 pl. Price, $1.85. 

VI. Contributions to the Knowledge of the Older Mesozoic Elora of Virginia, by 
William M. Fontaine. 1883. 4°. xi, 144 pp., 54 l. 54 pl. Price, $1.05. 

VII. Silver-lead Deposits of Eureka, Nevada, by JosephS. Curtis. 1884. 4°. xiii, 
200 pp., 16 pl. Price,.$1.20. 

VIII. Paleontology of the Eureka District, by Charles D. Walcott. 1884. 4°. xiii, 
285 pp., 24 1., 24 pl. Price, $1.10. 

Bulletins. 

1. On H_ypersthene-Audesite and on Triclinic Pyroxene in Angitic Rocks, by Whit­
man Cross, with a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 
1883. · 8°. 42 pp. 2 pl. Price, 10 cents. 

2. Gold and Silver Conversion 'fables, giving the coining value of troy on_nces of 
fine metal, etc., by Albert Williams, jr. 1883. ·8•. ii, 8 pp. Price, 5 cents. 

3. On the Fossil Faunas of the Upper Devonian along the Meridian of 760 30', 
from Tompkins County, New York, to Bradford County, Pennsylvania, by HenryS. 
Williams. 1SS4. so. 36 pp. Price, 5 cents. 

4. On Mesozoic Fossils, by Charles A. White. 18tl4. SO. 36 pp., 9 pl. Price, 5 
cents. 

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 
S0 • 325 pp. ~rice, 20 cents. 

6. 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 and South), 1752-1Stl1, by Jules Marcou and John Belknap Marcou. 1884. 
8°. 184. pp. Price, 10 cents. 

S. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. 
Irving and C. R. Van Rise. 1S84. 8°. 56 pp. Price, 10 cents. 

9. A Report of work done in the \Vashingtou Laboratory during the fiscal year 
1883-'!:!4. F. W Clarke, chief chemist; T. M. Chatard, assistant. 1SS4. R•. 40 pp: 
Price, !\ cents. 
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10. On the Cambrian Faunas of North America. Preliminary studies by Charles D. 
Walcott. 1884. 8°. 74 pp. 10 pl. Price, 5 cents. 

11. On the Quaternary and Recent Mollusca of the Great Basin, with descriptions 
of new forms, by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes 
of the Great Basin, by G. K. Gilbert. 1884. 8•. 66 pp., 6 pl. Price, 5 cents. 

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by E<lward S. 
Dana. 1884. 8•. 34 pp., 3 pl. Price, 5, cents. · 

13. Boundaries of the United States and of the several States and Territories, by 
Henry Gannett. 1885. 8•. 135 pp. Price, 10 cents. 

Statiatical papers. 

Mineral Resources of the United States, by Albert Williams, jr. 18i:l3. 8•. xvii, 
813 pp. Price, ()0 cents. 

Exchange.-The increased facilities for storing and handling these 
publications possessed since the removal to the new quarters in October, 
1884, has enabled me more successfully to carry out our widespread 
system of exchanges with scientific institutions and individuals; and 
returns from our first distributions of last year have come in in so large 
meaRure and verified to such an extent our address list, that I am able 
to report in this department very satisfactory results. 

Tbe Third Annual Report has been distributed throughout the world 
to the whole exchange list; bulletins 2, 3, 4, 5, and 6, and monographs III, 
IV, V, and VI, have been sent to all entitled to complete exchange, 
making in all 7,900 volumes distributed by exchange alone, as stated in 
detail in the following table: · 

Third Annual Report. ___ ..... _ ...... ___ ...... _ ..... _ ..•.•. _ ................. 1, 025 
Bulletin 2 ............. ·----- ------ ...•........ ----·· ..•.•. ...... ...... •..•.. 677 
Bulletin 3 ........... _ -- ................................. --- ... ____ ...... .... 677 
Bulletin 4 ........... -- ...... : .. . _ .................•............•...•••.• _... 677 
Bulletin 5 .•••........ _ ..... _ ...... _ ................. ."... . . . . . . . . . . . • . • . . . . . . 677 
Bulletin 6 ..•••............••................... - .... --- .•...... '.... .. . . .. . . 677 
Monograph III ................... " .................... ---~--................ 669 
.Monograph IV ............. - ............ -.- ... -- ..•. - •....•.. -... . . . . . . . • • • • . 668 
Monograph V ....•.. -- ... · ...........................• -... . . • . . . . . . . . . . . . . . . . 667 
Monograph VI ....................... _ ...........•.•.....•....•... _......... 676 
Mineral Resources ...•.........•...............•.......•....••.... _ . . . . . . • . . . 710 

Whole number of volumes distributed ..•..........•...••••..•.•....•... 7,800 

Sale.-The sale of those publications which can be distributed only by 
exchange or sale has not been large. All who desired to purchase have 
been supplied, but no efforts are· made to increase their number, as the 
chief labor has been expended in the system of exchanges for the pur·· 
pose of collecting a much needed 'library. 
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Tabulated statement of sales of publications of the United States Geological Survey during 
the fiscal yeaf' 1884-'85. 

I Third Fonrth First Second Wholefis-

~ 
qnarter1884. qnarter1884. qnarter1885. qnarter1885. cal year. 

~----

Title of work. ll: ,;, ~ "' ~ .; "' .,; "' .,; .... " " " 1:l " " c g ~ s ~ s ~ 

"' s s 6 s "' " " 0 " .g " c .g 0 " 0 
·o:: "0 s s "0 s s "0 s 
p., ~ -"1 ~ -<11 ~ -<11 ~ -<11 ~ <:j 
---- -------- - ------

Monograph II .••.••..••..••. $10 12 5 $50 60 1 $10 12 .... ··-····· ~.- . ......... 6 $60 72 
·Monograph Ill .............. 11 00 .... ... ! .•••. .... ........ 2 $22 00 ·-·- ......... 2 22 00 
Monograph IV .............. 1 50 7 10 50 7 10 50 9 13 50 6 $9 00 29 43 50 
Monograph V ....... ······· 1 85 ·-·· ......... 1 1 85 4 7 40 11 20 35 16 29 60 
Monograph VI. ......... : ... 1 05 ..... ......... .... ......... 20 21 00 .. ·------- 20 21 00 
Monograph Vll ............. 1 20 .... ---···-- ---- ......... 7 8 40 12 14 40 19 22 80 
Monograph VID ............ 110 .... ·····--· ... ..... ;~T~~. -------- 2 2 20 2 2 20 
Bulletin 1. .................. 10 2 

I 
20 7 1 00 10 1 00 129 2 90 

Bulletin2 ................... 05 6 30 8 40 10 50 15 75 39 1 9:'> 
Bulletin 3 ..................... 05 104 5 20 6 30 12 60 13 65 135 6 75 
Bnlletin4 ................... 05 05 7 35 12 60 11 55 31 1 55 
Bnlletin5 ................... 20 ..... ---····· 12 2 40 1n 3 80 32 6 40 63 12 60 
Bulletin 6 ................... 05 2 10 7 35 13 65 14 70 36 1 80 
Bulletin 7 ................... 10 2 20 9 90 10 1 00 9 90 so 3 00 
Bulletin 8 .. , ................ 10 ---- ···----- ---- ···----· ..... ......... 13 1 30 13 1 30 
Bulletin 9 ................... 05 ..... ........ 34 1 70 13 65 9 45 56 2"80 
Bulletin 10 .................. 05 .... ........ .... ········ .... -- ~ ... -. 9 45 9 45 
-!3ulletin 11 .................. 05 .... .... . ........ . .... ....... , 36 1 80 36 1 8() 

Bulletin 12 .................. 05 ---· ......... .... -····-·· .. 14 70 14 70 
Bulletin 13 .................. 10 .... ·····--· ·--· ··---··· ..... 59 5 90 59 59() 

Mineral Resources .....••... 50 31 15 50 46 23 00 68 34 00 45 22 50 190 95 0() 

Wholo numbor of volumes sold, 834. Whole amount received for publications, $340.32. 

Free distribution.-A very large number of the Second Annual, the 
Third Annual, and the free edition of Mineral Resources, have been 
distributed gratuitously, so that the supply of these volumes, save for 
the immediate needs of the Survey, iR exhausted. 

CORRESPONDENCE. 

The correspondence of this division, including all letters from foreign 
scientific institutions relating to exchanges, all letters which relate to 
the purchase of books, and all letters which relate in any way to the 
distribution of publications, bas greatly increased. During the fiscal 
year there have been sent out from the c9rrespondence division 10,251 
letters and forms and a like number received. All these have been 
indexed and filed so as to permit of ready reference. 

I am, with respect, · 

Hon. J. W. POWELL, 

CHAS. C. DARWIN, 
Librarian. 

Director United States Geological Survey, Washington, D. 0. 

r· 
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LETTER OF TRANSMITTAL. 

UNI'l'ED STATES GEOLOGICAL SURVEY, 

Washington, May 15, 1885. 
Sm: Herewith I have the honor to transmit an account of the geo­

logical features studied by me last summer in the vicinity of Mount 
Taylor and the Zulli Plateau in New Mexico. 

Very respectfully, sir, your obedient servant, 
C. E. DUTTON, 

Captain of Ordnance, U. S. A. 
Hon. J. W. POWELL, 

Director United States Geological Survey. 
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MOUNT TAYLOR AND THE ZUNI PLATEAU. 

By CAPT. CLARENCE E. Du'rToN, 

Ordnance Corps, U. S . .A.. 

CHAPTER I. 

THE PLATEAU COUNTRY AT LARGE. 

From 1875 to 1880, both years inclusive, I had been engaged in the 
study of the western side of the Plateau country. Numerous excursions 
were made into the heart of this remarkable region both by myself and 
by those with whom I was intimately associated. Several years before, 
Powell had studied the Uinta MotAn ta.ins and the surrounding plateau~, 
and had made his two memorable voyages down the Green Hiver and 
the Colorado. Long before that (1857) Newberr~' had made, with Lieu­
tenant Ives, the famous journey up the Colorado to the western verge 
of the plateaus, and had traversed from west to east the great table­
land which lies to the south of the river; two years later he bad made 
another excursion. from Santa Fe to the junction of the Grand and the 
Green. Gilbert and Howell also bad rapidly traversed the northwestern 
part of New Mexico, passing through the district to be described in 
this little memoir, and had been engaged in the study of portions of the 
western side of the province. In 1876 the former visited the Henry 
Mountains, in the center of the Plateau country, where be obtained re­
sults of inestimable value to geological science, with which his name 
will alwaJs be associated. In daily intercourse with Powell and Gil­
bert, and with a bond of affection and mutual confidence which made 
the study in a peculiar sense a labor of love, this geological wonder­
land was the never.ending theme of discussion ; all observations and 
experiences were common stock, and ideas were interchanged, amplified, 
and developed by mutual criticism and suggestion. The extent of my 
indebtedness to them I do not know. Neither do they. I only know 
that it is enormous, and if a full liquidation were demanded it would 
bring me to bankruptcy. 

No geologist possessing any breadth of comprehension could enter 
such a region and, after gaining an extended know ledge of its physical 
features, fail to perceive that it is a great unit, a thing distinct in itself, 

6 GEOL--8 113 
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and sharply delimited from everything which surrounds it. So great, 
lwwever, is its area that the work of many explorers, lasting through 
years of painful travel, was necessary before the first rough outline and 
most general conception of its extent could be determined. A.t the time 
of my own work in the western part of the province, these first deter­
minations had been approximately reaGhed through the corn biued re­
sults of tbe studies of Newberry, Powell, and the forces nuder HaJ·den 
and Wheeler. It remained to study in detail the wonderful features of 
the region and the great problems associated with them. From the 
lofty crest lines of the High Plateaus, and from the highest points in 
the Grand Oailon district, my thoughts bad often reached out· to the 
eastward beyond the farthest limit of vision, and I longed to sec the 
extensions of those vast masses of strata and the features carved out 
of them in regions beyond the horizon. Problems which could be only 
half solYed on the westem side might be completely solved on the east­
ern. Many problems turned upon data which could not be local, but 
which were general for the whole province. Its history and evolution, 
the chronology and sequence of its most important events, could be 
ascertained satisfactorily only by knowing the whole. A.t length an 
opportunity came. 

It had been decided by the Director that I was to take up the study 
of ~he great volcanic field in the Cascade Range; out in 1884 the 
topographic survey and mapping of that country had not sufficiently 
progressed to enable systematic geological work to proceed satisfac­
torily. Meantime the topographic parties which had been engaged in 
mapping Northwestern New Mexico had just brought back accounts of 
some striking featnrf's in the vicinity of Mount Taylor, and these awak­
ened so much interest that the Director was of the opinion that a single 
season could be spent with advantage in studying them. The Cascade 
uusiness was therefore postponed for a year, and I was ordered to New 
Mexico to see what was there. The result of the summer's work is set 
forth in the following pages. The field is one which embraces ty{'les of 
features cbanicteristic of the Plateau province; and inasmuch as I am 
desirous of putting it into its natural relation with that province as a 
wholP, I shall preface the accouut with a summary view of the.Plateau 
country in its cnt.iret.r, so far as present knowledge will enable me to 
do so. Indeed such a course seems nec~ssary. Jn. geological descrip­
tions much is lost by the common practice of failing to show bow a 
uistrict or limited tract is related to its environment, and what part it 
vlays in a granu whole. Without such a correlation a description bas 
little interest or ulterior meaning. 

A glance at the accompanying map (Plate Xl) will show the situa­
tion of the Plateau country with reference to the western portion of the 
United States, so far as now understood. There is some uncertainty 
about ti.Je exact positions of some parts of its boundary arising from 
two causes. In the first place, while some portions of this region are 
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sharply defined and their limits are clear enough to the most super­
ficial observation, there are other portions where there is not, so far as 
we uow know, any sharp boundary, but rather a gradual transition 
separating it from adjoining regions. Secondly, those portions of the 
boundary which are least definite lwppen to be the ones which have been 
the least studied. There are two distinct regions possessing the Plateau 
types of topography and strncture-a northern and a southern. They 
are separated by the Uinta Range of mountains. With the northern 
division, drained by the upper branches aml courses of the Green Hiver, 
we shall have nothing to do. Though similar, and even homologous, in 
most respects to the southern country, it is less pronounced, less im· 
pressi vc and wonderful, perhaps less typical. The main features and 
the grander subjects arc. found in the southtlrn division. For us the 
Plateau country shall mean that division which lies south of the Uintas. 

The northern boundary of the southern Plateau province is sharply 
defined at the base of the Uinta Mountains, where the platform of the 
country is suddenly upturned to form the southern slope of that great 
range, and the lower a11d older rocks are protruded upwards. It will 
be rem em be red that the Uintas are an exception among the mount· 
ains of the West, for their trend is due east and west, while the other 
ranges stretch more or less nearly north and south. This range joins the 
Wasatch (t.o the west) at a right angle, and the latter then becomes the 
boundary of the plateaus. The limit is still sharp and distinct and of the 
same general character as at the base of the Uintas, except that its course 
is now north and south instead of east and west. A little more than a 
hundred miles south of the junction of the two mountain chains the 
Wasatch dies out, and the plateaus lap around its southern end. Bnt 
the boundary still maintains its trenchant character. The high pla­
teaus of Central and Southern Utah now constitute the border of the 

- province, and at their western margins the topography and structure 
pass at once into the strongly contrasted features of the Great Basin. 
Beyond the southern end of the Wasatch and as far as the southwest­
ern corner of Utah the course of the boundary line is southwestward. 
Then it turns dne south again. The High Plateaus end in Southern 
Utah and cease to be the western border of the province. They are 
succeeded southward by the great platform of the Grand Cafion district. 
This platform north of the Colorado Hiver ends westwardly in a giant 
wall overlooking the same jagged, wild topography that we find in the 
Great Basin, and which is continued far to the south and into the west­
ern part of Arizona. Crossing the Colorado Hiver the plateau bound­
ary slowly swings more and more to the eastward. The Grand Cafion 
platform is still the border ground, suddenly ending in a great cliff 
overlooking southwestwardly the prolongation of the Basin type of 
topography. Through a stretch of more than 400 miles this same mode 
of demarkation continues between the abruptly ending plateaus on the 
northeast and the contorted, bristling, craggy mountain ranges on the 
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southwest. The Basin (ype of structure extends far beyono the literal 
Great Basin as defined by :Fremont. It stretches from the Columbia 
River-perhaps from a much higher latitude-uninterruptedly to the 
Colorado, aud then swings around the plateau margins southeastward 
to the H,io Grande Valley. 

The Plateau country attains its greatest southing in the southwestern 
part of New Mexico. Little is known of its geology there. Its boui1d· 
ary then swings around to the northeast and finally to the north, where 
it touches the Hio Grande River. The river now becomes for a time 
the definite and unmistakable boundJng line. At length, some twenty 
miles north of Allmquerque, that remarkable sharpness of limit which 
thus far bas characterized its edges is no longer seen, and its separa· 
tion from the region which embraces the Rocky ranges of Colorado and 
of Northern New Mexico is more or less arbitrary. 

But before attempting to follow it out let us look once more to the 
southernmost promontory of the plateaus. Whoever has examined, 
even cursorily, the map of Western America must have noticed the 
following arrangement of the mountain masses: The great belt of cor· 
dilleras coming up through Mexico and crossing into United States ter­
ritory is depicted as lleing composed of many short, abrupt ranges or 
ridges, looking upon the map like an army of caterpillars crawling north­
ward. At length, about 150 miles north of the Mexican boundary, this 
army divides into two columns, one marching northwest, the other north· 
northeast. The former branch becomes the system of mountain ridges 
spread over the southern and western portions of Arizona, the whole of 
Nevada, and the western portion of Utah, and extending into Or('gon 
and Idaho. Wherever these ranges have been examined geolog­
ically they exhibit the Basin type of structure. They are masses of 
older strata, often metamorphic and gr-anitic, tilted up at considerable 
angles, always more or less faulted, and considerably warped and flexed. 
Erosion has gi,·en them a singularly rough, jagged, angular aspect, 
and has left them no trace of symmetry or. regular form. The· other 
branch, which leads north-·northeastward, from· the fork, is narrower, 
and has very few and widely scattered ranges. Near the fork they have 
some similarity to the Basin t_ypes, but gradually acquire, as we proceed 
northward, a structure of their own. At length their northward con­
tinuation develops into the great front and middle ranges of Colorado­
the A.lpine masses to which custom has finally restricted the old name 
of Rocky Mountains. This split in the main chain of cordilleras, form­
ing the Basin ranges on the west and the Rockies on the east, leaves be­
tween them the vast area of the Plateau country. I have already shown 
how trenchant is the boundary which divides the plateaus from there­
gion of the Basin ranges beth in Arizona and in Utah. This definiteness 
of limit is maintained to the very fork where the two mountain systems 
separate, and right in this fork is thP. southernmost promontory of the 
Plateau country. But the eastern boundaries of the plateaus are not 
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so clear in all cases, though in some parts there is no reason to hesitate. 
For a distance of 200 miles the Rio Grande may be taken as marking 
the boundary; and though it may not be exactly coincident through­
out this entire space, it is so throughout. much of it and is never far 
from it. Near the boundary line bet.ween New Mexico and Colorado, 
in the valley of the Rio Graude; we come upon the southern termina­
tions of the Sangre de Cristo and Sau Juan l~anges. These are mount· 
ain platforms of the Rocky system, and the plateau boundary follows 
along their western bases. Crossing the State line it enters Colorado, 
fir.st with a general northwesterly, afterward a nortlierly, trend, keep· 
ing always close to the western bases of the Rocky ranges until it 
reaches the place of beginning, at the eastern end of the Uiutas. The 
area of the Pla1Pa n country thus described may be stated approxi­
mately at 130,000 square miles. 

It will be impossiiJle here to do more than pass in hurried review the 
principal features of the Plateau country. The name migbt seem to im­
ply a smooth and level region, but it is one of the ruggedest portions 
of the West. The topographic obstacles to travel are even greater 
than in tlw wilder parts of Colorado; but instead of mountains with 
sloping flanks we find innumerable cli:fl's, often of great altitude and 
length, stretching across our pathway or vai1ishing on either hand into 
the dim distance. The main drainage channel is the Colorado Hh-er. 
For many leagues on either side of it the country is cut by number­
less tributary canons, such as are never seen elsewhere. They are many 
hundreds of feet in depth, scores of miles in length, and their walls are 
precipitous in the extreme. 

The surfaces of the innumerable platforms into which the c~ountry is 
subdivide(} are usually rather smooth or moderately undulaterl, either. 
level or slightly tilted. Few of them are of any great extent, and they 
generally terminate at the brink of some gigantic wall, which drof1s the 
profile almost vertically upon some lower level until the lowest is reached. 
The most extensive unbroken 11latforms are those in the vicinity of the 
Grand Canon. The altitudes of these platforms vary greatly. Some 
are as low as 4,000 feet above the sea, others as high as 10,000 to 12,000 
feet. The average altitude may be stated rather roughly at G,;)OO feet. 

'fhe topographic features and extraordinary scenery of this region 
have been described many times, and it may be needless to descant upon 
them. From the standpoint of the geologist, howev~:>r, it is desirable to 
advert to those stratigraphic and structural features to which this topog­
raphy and scenery stand in the relation of e:fl'ects to causes. Except 
as hereafter rlescribed, the strata lie iu a nearly horizontal position. The 
inclinations, which are frequent enongb, are at so slight an angle that 
the impression upon the observer is much the same as that produced by 
strictly horizontal bedding. There is also a remarkable uniformity and 
persistence of character in the component materials of the respective 
formations and in their mechanical arrangement. We can trace si11gle 
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beds or restricted groups of beds for man,y leagues without observing 
any appreciable lithologic changes in them or any notable variation in 
color and thickness. But while the inclinations or dips of the strata are 
very slight and their thickness is but little variable, we find that such 
dips as do occur are often maintained through great distances without 
any recurvature of the beds. These persistent dips, therefore, carry the 
strata from very high altitudes to very low ones. Ordinarily, when these 
protracted dips occur, the formation which is exposed at the summit of 
the incline is lost to view after a few miles by the occurrence of some 
later and higher formation, which thereafter overlies and buries it. 
This secoml formation takes the same dip as the first, and after a few 
miles is lost to view in its turn b;r the advent of a still higher one. 
Each formation thus appears as a terrace, bounded on one side by a 
descendi11g cliff carved out of the edges of its own strata, and bounded 
on the other by an ar,;cending cliff carved out of the strata beyond, 
wllich overlie it. These terraces are very numerous all over the Plateau 
country, and are highly characteristic. In the course of this little 
memoir we shall perhaps learn something of their origin and mode of 
development. 

Another characteristic group of geological features is found in the dis­
placements or dislocations of the strata. In other countries exhibiting 
considerable disturbance of the strata, we fin(J_ the beds undulated, with 
anticlinal crests and synclinal troughs succeeding each other at brief 
intenals. There are mauy flexures of the strata in the Plateau country, 
and gigantic ones, too; bnt I do not know of a single well-marked typ­
ical anticline or syncline in all its broad expanse. The flexures are in­
varia!Jly monoclines. · 

'l'he term "monocline," in the sense in which it is here employed, is a 
comparatively new one in geological nomenclature, and was first used 
to designate the flexures of the Plateau country. Such displacements 
had rarely been observed in other regions, though of late years the con­
spicuous examples brought to light in Utah and Arizona have led to 
their recognition in other localities, where their eonfiguration had pre­
viously been obscure. Many of these monoclines are of great length 
and of great· displacement. A length of sixty to eighty miles is com­
mon, ami still longer ones are known. The displacement is sometimes 
as great as 3,000 feet, i. e., the :-;trata ascend along its slope by that 
amount. 'l'he inclination of the beds on the slope of the monocline is 
very variable, ranging from a few degrees from the horizontal to nearly 
vertical. · 

Besides the monocliual displacements, we also meet with grea_t faults, 
where the st.rata are neatly sheared and hoisted on one side or depressed 
on the other. Thesl}-faults, also, are remarkable for their great length 
and for the amount of displacement, often exceeding in these respects 
the monoclines. Indeed,· the two forms of displacement are not_ al wa;rs . 
wholly distinct, for the monoclinal dislocation frequently passes grad-
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ually into a fault, and vice versa. Some of these grand structural feat­
ures I have described in former works, and others will be spoken of in 
the subsequent pages. 

Tbe Plateau country also abounds in volcanic rocks and extinct vol­
canoes. It is observable at once that the eru·ptions have occurred 
chiefly around the borders of the province, while the interior spaces dis. 
close only occasicnal traces of them. The ages of these eruptions vary 
greatly. Some are as ohl, probably, as Middle Eocene time; others are 
so recent that it seems almost certain that th"ey occmTe•l within the 
lal:lt thousand years, and there is no intrinsic improbability that some 
of the earliest Spanish visitors may have witnessed them, though they 
ba,·e left us no records. In the intervening periods many eruptions 
occurred at one place or another, and no long period of time seems to 
have elapsed without them. 

The distribution of the volcanic masses is of some int(·rest, for we 
may perceive how they are associated with the marginal portions of 
the pi:ovince anti occur very sparingly in the interior parts of it. Near 
the southern 11ase of the Uintas we do not know of any large or 
important mas~:>es of volcanic rocks. But our knowledge of that por­
tion is not sufficient as yet., and future examination may disclose much 
more eruptive material than we are now aware of. Some scattered 
occurrences, however, are known there. Upon the eastern flank of the 
Wasatch there are many patches of old lavas, but none of very great 
dimensions are known. South of the Wasatch, in the district of the 
High Plateaus of Utah, we eo me upon enormous masses of volcanic rocks, 
coYcring an area of nearly 9,000 square miles, and attainiug in many 
portions a thickness of three to four tlJOusand feet.. Most of these are 
of great antiquity, going back to Middle Tertiary time., and some of tue 
oldest one:->, perhaps, to Eocene time. But there are others wl1ich are far 
more recent, and it seems extremely prol1able that the late:-st of them 
have been erupted within a few hundred years. Southwest and south of 
the High Plateaus arc many minor volcanoes, now wholly extinct; and 
as we descend to the Grand Canon vlatform we fiml cinde~·cones, most 
of them well preserved, scattered about among the cliffs and terraces. 
As we approach the great chasm along its western balf we enter several 
extensive volcanic fie!Js, in which cinder-cones are thickly clusterell. 
Many streams of basalt have flowed from them, flooding mauy hundred 
square miles of desert. Cones aud lavas 11oth show that no great length 
of time has passed since they were in action. 
· Crossing the Grand Cailon, and still near the margin of the Plateau 

country, we find the respectable volcanic pile of Mount Floyd, and a 
little farther on we reach the much grander masses of the San Fran­
cisco Mountains. Here is another large volcanic district., though much 
inferior to the High Plateaus ·both in the area and in the thickness of 
the lava sheets. But it possesses what the High Plateaus do not., viz, 
great volcanic mountains. The principal pile, San l!'rancisco Mountain, 



120 MOUNT TAYLOR AND THE ZUNI PLATEAU. 

is a cone of almost the first order of magnitude. Its altitude above the 
sea, aceording to Wheeler, is 12,562 feet, and it is the loftiest peak in the 
southwestern part of the country. It has long been extinct and is 
greatly battered by erosion. 

Proceeding southeastward, and still keeping near the margin of the 
plateaus, we have hardly left the lava .fields which center around these 
great volcanoes when we enter·upon much more expansive ones. On all 
the old maps of Arizona we see roughly delineated the so· called '' Mogol­
lon Mountains." They are merely the loft.y crest of the plateaus lookmg 
doWJ? southwestward over the Sierra country. This crest ami the table­
land north and ea!'t of it are thickly sheeted over with lavas, and the 
area so Qo,·ered is to be reckoned only by thousands of square miles. It 
has not been studied as yet by the geologist., and our knowledge of it 
is too imperfect to justify the attempt to describe it. Still further to 
the southeast, as far as the southernmost promontory of the Plateau 
country, the volcanic fields increase until they reach their maximum 
expanse. But they have never been studied. 

Passing out of this great lava field and coming northward along the 
eastern margin of the plateaus in the Rio Grande Valley, we find many 
isolated patches sheeted over with lava. Indeed, we are seldom out of 
sight of them. Some are of considerable extent, others are hardly more 
than individual coulees. West of Albuquerque we find the lava fields 
very abundant, and in the vicinity of the San Mateo Mountains tlley 
become \'ery extensive and present features of the greatest interest alHl 
some novelty. This part ieular locality is to be one of the principal 
themes of the following chapters, and its discussion will be passeu over 
for the present. 

The remaining portion of the Plateau boundary bas already been char­
acterized as rather indefinite (perhaps from want of accurate knowledge), 
but it still exhibits abundant relics of volcanic action. The San Juan 
Range is almost wholly buried in lavas and volcanic conglomerates. 
But this range bas been regarded as lying just without the margin, in­
stead of within it. Still we find traces of old eruptions within the bor­
uer, in the shape of dikes and. necks, which are left projecting above the 
surface, often to considerable altitudes, showing that the lavas have 
once been there, but that tlwy and some of the sedimentary strata 
which they covered have been swept away by erosion anu have van­
ished forever from view. 

Thus the fact is general that around the borders of the Plateau coun. 
try volcanic eruptions have been frequent. In making its circuit we are 
seldom out of sight of them, and if the journey were actually performed 
by a geologist he could so conduct his route that for three-fourths of the 
way he would be treading upon erupti,·e materials and pitch his camp 
upon them every night. So far a.s we now know none of these erup­
tions are older than 'l'ertiary time; but within that limit they are of 
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many ages, and some of them are extremely recent. In the heart of 
the Plateau country volcanic rocks are scarce. Still they occnr, but 
nuder circumstances which are always interesting and suggestin·. It 
is no uncommon thing in the heart of the Plateau region to come sud· 
tleuly upon a long, narrow wall of black rock projecting hnndretls of feet 
in air, rising out of a fiat plain. The roc~ is a dike of basalt or ande· 
site; but the dike itself is all the eruptive material we see -no lava 
stream over!l.owing the .adjoining plain, no cinder·cone, no bed of vol· 
canic rubbish. A critical examination of the rock indicates that it has 
consolidated under pressure. Instead of long, narrow dikes we often 
fiud sharp pinnacles, towers, and spires of the same black rock rising 
1,000 feet or more. The people who herd cattle in the vicinity call tllem 
needles. The geologist would call them "necks." They are the lavas 
which consolidated in the pipes or orifices in the strata through which 
they came up, while the strata themselves have been swept away, leav­
ing these cones standing. The rock of which they are cmnposed is more 
enduring against the battering of time than the sandstones and shales 
which once held them. It appears, then, that the scarcity of lavas in 
the interior space~ of the Plateau country is no measure of the actual 
quantity of extravasation which has occurred. Lavas have been out­
poured there, but have been swept away in the general wreck of the 
land, leaving only these stumps of volcanoes to tell the tale. How 
extensive these eruptions may have been we cannot judge with accu~ 
racy. Still we are not without the means of iuferring with consider­
able confidence that they were never comparable to the vast masses 
now visible around the borders of the province. 

Another singular mode in which eruptive rocks occur was first shown 
by Mr. G. K. Gilbert, in his admirable work on the Henry Mountains. 
There the lavas, instead of reaching the surface and outtlowiug in broad 
streams, intruded themselves between the strata in great leus-sl1aped 
masses half a mile or more in diameter and severai hundred feet thick. 
The beds above them were domed up, and are now seen curving over 
them. To these intrusive masses, Mr. Gilbert gave the name "Iacco­
lites." They present many points of interest, which he has ably dis­
cussed. There are several isolated groups of mountains within the pla­
teaus which exhibit this peculiar action, such as the Sierras Carriso, 
Abajo, La Sal, La Platat aud El Late. 

There is another group of geological occurrences in the Plateau coun­
tr~' which is full of instruction. No special name has yet been applied 
to them, though in a single case a name has been given, and this case 
is quite typical. It occurs in the heart of the Plateau region, northeast 
of the High Plateaus, and is called the San Rafael Swell. A description 
of it will be found in the Second Annunl Report of the United States 
Geological Survey (1881-'82), page 56. Although the name" swell" is 
very unsatisfactory, we will adopt it for awhile in the hope of finding 
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a better onc,l There is a considerable number of these in the plateaus, 
and they are of great importance by reason of their association with the_ 
most impressive features of the region. 'l'l.Jey are the localities of maxi­
mum erosion. They are the centers from which the dissolution of the 
strata, through the wasting of their edges, has proceeded outwards, in 
ever-expanding circles, one bed or formation following another, until 
thous~mds of feet in thickness and thousands of square miles in area 
have been swept away. Along with this denudation has occurred a 
doming up of the strata into a broad, gently swelling boss. The details 
of this process and its significance will be discussed in a future chap­
ter; for one of the finest examples of it is found in the Zuni Mountains, 
which are, in fact, a perfect homologue of the San Rafael Swell. 

'fhe district which it was my privilege to study during the summer of 
1884 lies in the southeastern part of the Plateau province. Iu these 
parts the Rio Grande Hiver forms a well marked and decisive boundary 
of the Plateai1 country. The eastern margin of the district examined 
lies about fifty miles west of the river. It is a tract embracing two de­
grees of longitnde and one degree of latitude. To explain why such ar­
bitrary limits to the field of exploration were chosen, it may be stated, 
that when the Geological Survey prepares its maps the unit area chosen 
for the genPral atlas sheets is that contained within two degrees of lon­
gitude and one degree of latitude. A geologist needs a map as the 
basis of his work, and as this sheet was just compl~ted, it was adopted 
as the field of study. Within the area thus mapped (between longitude 
107° and 109° and latitude 35° and 36°) occur two distinct categories 
of geological phenomena; one an exceptionally interesting exhibition 
of volcanism, the other a fine instance of those peculiar elevations of 
which the San Rafael Swell is the type. Both are full of instruction 
allll they will be discussed separately. 

The voicanic field which I shall describe centers around Mount Taylor, 
a large solitary volcanic pile situated about sixty miles west of the Rio 
G-rande River. It bas for some years been regarded with special interest 
alike by geographers and by geologists. The other field which imme­
diately adjoins it is the Zuni Plateau; or as it is designated on the maps, 
Zufii Mountains. It has always been my desire to discuss only such 
geological fields as present a series of facts which can beg ouped to­
gether into a definite, easily comprehensible whole, and to avoid a sub­
ject which has, so to speak, neither head nor tail to it. Both of these 
fields ha'\'e form, consistency, and unity. They are individualized feat­
ures and each teaches us a lesson worth learning. 

Soon after the cession of this region to the United States, at the close 
of the Mexican war, it was tra~'ersed by numerous Government expe-

1 How this name got into tho nomenclature of Western topography, I do not know. 
I found it there the first time I visited the country. It seems to be quite local and 
attaches only to the San Rafael district. I am extremely averse to coining names, 
and have taken up this one rather than invent a new one. 
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ditious, generally under the command of officers of the Topographical 
Engineers. The objects of these expeditions were many, but all of them 
looked to the acquisition of information for military purposes, aull 
above all, for the location of the best routes of commuuication by land 
across the contineut and of intercommunication between the scat­
tered military posts. Whatever other information could be readily at­
tained without inconvenience to the primary objects was eagerls gath­
ered, and t.he amount of it was considerable. One of the routes em­
braced in the grand scheme of explorations for a route snit.able for a 
Pacific railway in 1853, lay through this country. It was commanded 
by Lieut. A. vV. Whipple, who was accompanied by Mr. Jules Marcou 
as geologist. Mr. Marcou proved himself to be a diligent investigator, 
ami brought back a considerable amount of valuable information, some 
of which relates to the very locality which is to be discussed in this 
paper. He has embodied it in his work Geology of North America.1 

The want of a good topographic map prevented the greater degree 
of accuracy which Mr. Marcou \voulU otherwise have given to his de­
lineations, but the material for making one did not then exist. He 
has shown much skill an1l acumen, and the modifications which fuller 
and 1\1ore detaile1l information, with much better maps, requires us to 
make in his conclusions are not radical. 

In the year 1857 the memorable journey of Lieutenant I ves was per­
formed, and Dr. J. S. Newberry accompauieu this expedition as geol­
ogist. To Dr. Nmvberry we owe the first intelligible account, not only 
of the great chasm of the Colorado, but of the broader geological and 
topographical features of the plateaus which lie to the south and south­
east of the river. Lieutenant Ives ascended the Colorado River for a 
distance of more than 400 miies from its mouth iu a light·draright steam­
boat; and when he could sail it no further be left it, with his party. 
Striking southeastward he at length ascended the Grand Canon plat­
form south of the river, and after reaching the bottom of .the great 
chasm at Diamond Creek, and nearly reaching it in Cataract Canon, he 
t.urnell southeastward to the San Francisco Mountains. Thence he pro· 

· ceelled ·to the Moki towns and Fort Defiance. From the latter post 
Dr. Newberry went homewards through the distriet which is to be spec· 
iall,y discussed in the following p;tges. His route touched the course 
now followed by the railroad, at Mineral Spring, which lies between 
Wingi1te Station and Gallup, and continued thereafter along the pres­
ent line of the railway to the eastern limit of the map, near Laguna. It 
was during this long journey tl1at Dr. Newberry recognized the grand 
geological fact which is dominant over all others in the Plateau coun­
try- the immensity of the work which erosion has there accomplished. 
To recognize that the canons are the work of erosion does not require 

1 Geology of North America, by Jules Marcon, Znnch, 11;58. Printed for the author 
by Zurcher and Furrer. In that work the Zuni Plateau is called t.he Sierra Madre 
Mountains. This latter name is preoccupied. 
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that 1 he observer wllo bas seen them should be a geologist or much of a 
philosopher; but to see, as Dr. Newberry did, from such hasty views of 
so small a portion of this great province, tllat the canons are merely the 
last finishing touches of an erosion incomparably more vast, required 
110 ordinary penetration. The stratigraphic work which heaccomplislled 
will probably never require much emendation, though in details it may 
be amplified. It is the work of a master. Whatever theme be touches 
upon is handled with thorough learning, and wllat is better still, with 
sagacity. It is a matter of surprise and envy to the younger geologists 
who have followed in his footsteps to see how much of real value and 
importance he found to say with his very imperfect opportunities, and 
bow little he will have to retract or defend. 

In the year 1873 Lieut. (now Capt.) G. M. Wheeler's parties traversed 
this country, with Mr. G. K. Gilbert and Mr. Edwin E. Howell as geolo­
gists: The results of their observations are published in Volume III, 
Geology, of the Reports of the Survey Wes't of the One Hundredth 
Meridian. Their accounts are very meager and could not have been 
otherwise, for they were mere ~ccessories of rapidly moving parties en­
gaged in a topographic reconnaissance. Under such circumstances 
connected geological work is quite. impossible. Still their notes are 
of real value and were found to be highly snggesth·e. In connection 
also with the surveys of Captain Wheeler, the distinguished paleon­
tologist, Prof. E. D. Cope, visited Nt>.W Mexico and made many interest-
ing discoveries. · 

His notes upou the stratigraphy of the country in the vicinity of Santa 
11-,e are ver.v valuabhi. The survey of Dr. Hayden did not extend far­
ther into New Mexico tban a few miles south of the Colorado lwnudarj·. 
But a portion of the Plateau province is included in tile southwestern 
part of that Stat(', and the geological features there presented are in 
most respects so clearly identical with those farther south that the 
closest correlations can ue made. Mr. W. H. Holmes's work iu the \'al­
ley of the San J nan River becomes therefore of great importance in this 
connection, and the mort~ it is studied the more evident it befJomes that 
Mr. Holmes is as accomplisbed in field work as he is with his pencil. 
(Ha,yden's Annual Report for 1876.) 

Tllus the region uilder discussion is by no means a new field geolog­
icallj·. Able geologists have visited it uefore and have pointed out 
many of its salient facts. But the geological work done there has ueces­
saril.}· been of the fragmentary, running-reconnaissance kiml, which 
scarcely admitted of generalization. Neither the knowledge of the es­
sential facts of the region itself nor that of those which adjoin It nor 
of the great province of which it is but a small part~ was sufficient to 
justify the attempt to give a comprehensive view of it either as a t'init 
in itself or as a part of a great whole. 



CHAPTER II. 

THE GENERAL FEATURES OF THE DISTRICT. 

At the town of Albuquerque in New Mexico, and for a distance of 
many miles north and south of it., the Rio Grande may for the present be 
regarded as forming the boundary of the southeastern part of the Pla­
tean country. A few miles east of the town rises the Zandia Range, a 
large and rather imposing mountain ridge, which reminds us in every 
feature of some of the characteristic ranges of the Great Basin, per­
haps of the Southern Wasatch at Provo. The Zandia Range belongs 
to that branch of the Cordilleras which trends from the Mexican boundary 
a little east of north, and eventually expands into the great Rocky 
Ranges of Colorado. Looking westward across the Rio GraiHle a new 
topography begins, the topography of the Plateau country. From the 
bouse-tops of tlle town we recognize it at once; and if we take the 
cars of the Atlantic and Pacific Railroad, which llere leaves the Atchi­
sou Topeka and Sa~nta Fe, we shall soon find ourselves within it. Ten 
miles south of Allmquerqne the railroad crosses the river and at once 
winds its way into the lanu of cliffs, terraces, anu canons. For more 
than 120 miles the track steadily ascend::; with a strong gradient until 
it reaches the Continental divide, which sepa.rates the waters which flow 
into the Gulf of Mexico from those which run .to the Gulf of California. 
The condition and aspect of the country along this r.oute need little de­
scription, for many travelers have described it already. The lowlands 
near the river are barren and desert in the extreme. The highlands are 
moderately moist and well timbered. 

In the immediate valley of the Rio Grande the climate is temperate 
in winter anu insufferable in summer; higher up the summers are tem­
perate and the winters barely sufferable. Below, vegetation is limited 
to scant.y grass during a part of the year and such growths as irrigation 
can be made to produce. Natural trees on their native heaths are limited 
to the cottonwoods and willows in the river bottoms. Even the sage­
brush, the ashy bloom of the desert elsewhere, resents the scorching sum­
mer and refuses to sta~', anu the cacti, vengeful and repellant every­
where; here assume a still more cruel and mis;mtbropic mien.. Higher 
np the junipers begin to appear, at fir~t gnarled, stunted and timid, at 
length bold, cxuber~nt, and well favored. Still higher the yellow pines 
become abundant and cover thousands of square miles of mesa and up­
laud with magnificent forests. 

125 



126 MOUNT TAYLOR AND THE ZUNI PLATEAU . 

.A few miles west of the river we oblo':erve around us the low ledges of 
eroded strata lying nearly horizontal, the beginnings of those eliff and 
terrace forms which grow higher and grander as we ad,rance. The 
rocks round about are of Cretaceous age, belonging mostly to the lower 
members of that great series. Here and there erosion has cut through 
them, disclosing patches of the beds belonging to the upper portion of 
the Jura·Trias. 1'races of volcanic action, too, are abundant. 1'hin 
sheets of basalt are seen covering limited areas. Sometimes it mantles 
the soil of a valley bottom, sometimes it is the cap.sheet of some mesa. 
It is scattererl about in an irregular wa;y, as if the molten stuff' bad been 
dashed over the country from some titanic bucket, and it lies like a great 
inky slop orer the brightly colored soils and clays. There is often no 
trace of a vent or cinder cone marking the sp~>t whence it issuet1 from 
the earth, and until we reach Mount Taylor we find nothing to remind 
us of our old conventional ideas of a volcanic mountain. Sometimes, 
howeYer, the nnt is seen, or rather a small cone built up around the 
vent.. .A cluster of three or four of them may be seen from .Albu­
querque as we look across the river, and thin lava streams are readily 
distinguishable at a distance as they descend to the high bank above 
the water and are cut off by the wasting of the rocky ledge. 

Fifty mile~> west of the Rio Grande, the railroad leads among more 
pronounced cliffs and mesas. Further north these cliff bound mesas lie 
nearer the river; but I have never been over the interval there, anct can 
only speak of it from the impressions received from a distant view. 
It is much the same as along the vicinity of the railroad. So, too, is it 
as far as the eye can reach to the south ward. Where we first en conn ter 
these clifl's they are of no great altitude, but in an inferior way they 
suggest more impressive ones beyond. Many of the tables have lava 
caps, but more have none. There are lavas, too, in the valleys and pas· 
sage ways between the mesas, and these valley lavas are seen at once to 
be much younger than those on tue tops of the tables. .Aud by the 
way, what is a mesa~ What is the special significance of this term¥ 
And why is it used instead of good .Anglo. Saxon f I will answer these 
questions by asking another. Did it ever occur to the reader how pov­
erty stricken the (I will not say English exactly, hut) .A.nglo·American 
language is in sharp, crisp, definite topographic terms~ English writers 
seem to have gathered up a Iiwderate number of them, but they got 
most of them from Scotland within the past thirty or forty years. They 
are not a part of our legitimate inheritance from the mother country. In 
truth, we have in this country some three or four words which are avail­
able for duty in expressing several scores of topographic characteristics . 
.Anything that is hollow we call a valley, and anything that stands up 
abmre the surrounding land we call a hill or mountain. But the Span· 
ish-or Mexican, if you prefer-is rich in topographic terms which are 
delightfully expressive and definite. There is scarcely a feature of the 
land which repeats itself with similar characteristics that has not a pat 
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name. And these terms are euphonious as well as precise: they desig­
nate things objective as happily and concisely as the Saxon designates 
things subjective. Therefore we use them. There are no others adapted 
to the purpose. A mesa means primarily a table. Topographically it 
is applied to a broad, flat surface of high laud, bounded by a cliff, the 
crest of which looks steeply down upon the country below. And the 
Plateau country is mesa, mesa everywhere-nothing but mesa. It is 
not at all necessary that the high tabular surface should be completely 
encircled, or irregularly but completely environed, by a descending clifl'. 
One side may be ellff-bouud, while the otller dies away by a gentle, 
barely perceptible declivity into distant lowlands. Still it is a mesa. 
Or a few miles back of its crest line a second cliff may spring up to a 
higher flat beyond. Even so it is to the Mexiean a mesa, tllough we 
migllt in this case call it a terrace. The Mexican sees but one side at 
a time, and if that answers to the general eouceptiou it is enough for 
him. 

All the various forms of mesas are common in tlle Plateau country, 
though the terrace form is perhaps more frequent tlJan the others. 
While the number of mesas completely engirdled by terminal cliffs is 
absolutely great, yet relatively it is not so. They are among the less 
common forms. Tlie courses of their margins are by no means regular. 
The cliil's sometimes maintain an average trend through vast distances, 
but in detail their courses arc extremely crooked ; for they wind in and 
out, forming alternate alcoves and promontories in the wall, and these 
in great numbers. Frequendy the mesa is breached entirely through 
by a valley, and this valley may be either a narrow canon or au inter· 
space ten, fifteen, even twenty miles wide, or any intermediate width. 

Where the railroad enters the mesas it finds a breach of this kind cut 
completely through a long and wide chain of them. It is the valley of 
the San Jose. On the north rises the rather imposing pile of Mount 
Taylor, an old volcano, not of the first and barely of the second order 
of magnitude. It stands upon a very large mesa of Cretaceous strata 
everywlierc lleavily capped with ancient lavas, some of wlJich came 
froin the great central pile and some from tlJe parasitic cones which 
surround it. On the south is another series of mesa~>, also of great 
dimensions, over twenty miles in width, and perhaps fifty miles in 
length. The highest of these are also heavily lava capped, but no 
great volcanic pile is supported by them. A few little knobs, barely 
perceptible at any great distance, prove on nearer view to be the 
degraded remnants of old cinder-eoncs, from which much of the lava 
emanated. 

A farther distance of 25 miles carries us through the belt of high mesas. 
As we emerge upon the western side we find ourselves in a country which 
is more attractive than that we have left, and with some \'ery pictur­
esque features. At Grant Station~ (see map, Plate XIV) Mount Tay­
lor bears n~rtheast, while the western fronts of the mesas to the south 
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of it are seen to have somewhat imposing proportions. To the westward 
rises by modera.te slopes a large and rather lofty mass, designated on 
the map "Zulli Mountains," though it seems to me more proper to call 
it a plateau. From every direction, so far as visible, the strata can be 
seen rising by well marked though never steep slopes to its summit. 
We shall see much of this great plateau in the subsequent pages. To, 
the northwestward stretches away a broad noble valley. On the 
right-hand (northeast) side of it we see in the distance a range of highly 
colored cliffs, loftier than any hitherto encountered. On the left side of 
the valley are the rather gentle though sufficiently marked slopes of 
the Zulli Plateau, clothed all the way up with pines and junipers. In 
the immediate foreground, and indeed; under our feet and spreading 
over all the lowlands and plains in front, is a chaos of black, rough lava 
of peculiarly horrid aspect. Its freslmess betokens great recency of 
eruption; and indeed a very few hundred ,rears only can possibly have 
passed since it was outpoured. As yet the source whence it came is not 
visible, but we shall find it many miles away. Many have presumed 
that it came from Mount Taylor; but this is a mistake. This rough, 
clinkery lava is called by the Mexicans "mal pais," a term with which 
we have become familiar from Humboldt's writings. We shall in due_ 
time and place describe it more fully; for throughout the adjoining re­
gions the fields covered with it are many and large, and they in­
crease both in number and in area towards the south and southwest, 
until the greater part of the country is mantled with it. 

Here we may consider ou'rselves as well within the Plateau country. 
The scenery is strong and somewhat impressive, for the component masses 
of the landscape are all large, and for the most part of the true plateau 
type. Mount Taylor, however, is exceptional, for this is a great mount­
ain, with a roughly conical peak, with long sharp tumbling spurs, deeply­
incised ravines, and intervening buttresses. Still we find a few such 
elsewhere within the province and it is therefore not altogether anoma­
lous. The wide expanses of featureless plains, the far-off summits of 
giant cliffs, resplendent with rainbow colors, the flat crest lines dropping 
in_ vertical palisades, the naked strata lined off' at their partings, the 
bright yellowish or ashy soil, the brilliant sun-light and torrid heat, the 
blue haze of the atmosphere, like .an ethereal veil between us and sur­
rounding objects- all these are the true characteristics of the Plateau 
countr.r, with which we haYe already become familiar in other portions 
of it. Before us it stretches tor 400 miles, repeating its characters in 
forms that are ever the same yet not the same, which are uniform yet 
infinitely varied. The broader or generic features are constant, the 
specific features protean and full of contrast. 

But let us follow the course of the railroad a little farther to the north­
westward. It asceuds the wide valley between the great palisade of 
red cliffs a:ml the slopes of the Zulli Plateau. The width of this valley 
varies from four to six miles, and beyond Bluewater Station (see map, 
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Plate XIV) the cliffs are very imposing. Between Grant and Bluewater 
the roau crosses a wide expanse of mal pais, which is naked in some places 
and in otbers is covered with blown sand and dust., forming a tbin soil. 
The great cliffs to the north are Jura-Trias, capped with a heavy adaman­
tine layer of quartzitic sandstone, which represents the basal member of 
the Cretaceous. The slopes of the Zuni Plateau to thP. south are, first~ 
Permian or lowest Trias, while higher up the Carboniferous forms the 
main flank. The declivity is gentle and its surface is heavily timbered, 
so that the eye sees little else than a forest. At length, 130 miles by rail 
from Albuquerque, we reach the Continental divide, at an altitude of 
about 7,300 feet. Beyond it the waters are gathered into the Puerco 
Ri.ver,1 a tributary of the Little Colorado (Colorado Chiquito). ~he 
Leart of the Zulli Plateau is still to the south, w bile to the north the red 
an<l variegated clifl"s of the Jura-Trias have assumed grand proportions, 
not far below those of the magnificent fronts of the Vermilion Cliffs of 
Southern Utah. From the Continental divide the road steadily de­
scends, and 25 miles westward the cliffs to the north suddenly end, their 
crest lines quickly descending to the general level and vanishing (Plate 
XIX). Here we cross a great monocline, dipping sharply to the west­
ward, anti. enter once more upon the Cretaceous. But baving nearly 
reacheu the western limits of the field we are to examine, we shall here 
leave the railroad and endeavor to gain some more extended views of 
the regions to the north and south of it. 

Hard by this point is Fort WiugatP, one of the largest and most im­
portant military stations in the Indian country, where troops are sta-

' tioned in some force to keep watch over the populous Nav~jo Nation on 
the one hand and the more peaceful Zunis on the other. Just south 
of the post and immediately above it rises the highest part of the pia- _ 
teau. From its summit we gain an overlook of the country far to the 
northward and westward. To the nortlt there is comparatively little to 
attract attention except the great clifl's which we have already noted 
and which are, so to speak, close at band. But the eye now ranges lie· 
yond their crest lines into a region which presents but little dh'ersity. 
The lanu is for the most part flat and monotonous, its smooth surface 
barely broken by low ledges of sandstone and shale, much too insignifi­
cant to be called cliffs and mesas, nor yet sufficiently scoured hy ero 
sion to form bad-lands. From tbe crest of tbe great Jura-Trias cliffs, 
as far northward. as we can see, the country is made up of horizontal 
Cretaceous beds, some high, some low, in that stratigraphic system. 

1 There are unfortunately within the limits of the region covered by the map given 
herewith two rivers named Pnerco. One runs northeast of Mount Taylor and empties 
ioto the Rio Grande a few miles north of Albuquerque. The other iA the one referred 
to in the text. It heads west of the divide, and belongs to the drainage system of t.he 
Colorado. The use of the same name for wholly distinct rivers and mountains was as 
co!lliuon among the Mexicans as among the early Alllerican pioneers of the Northwest, 
and is very apt to lead to confusion. The river first mentioned in this note will be 
called Puerco East and the other Pnerco West. 

6 GEOL--9 
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Probably, too, some of the more distant ground in this direction is made 
of Tertiary beds; but this remains to be inquired into. Faintly out­
lined against the horizon, and nearly 100 miles to the· northeastward, far 
beyond the limits of the accompanying map, there rises a long, flat pla­
teau summit having, I should judge, a length of over fifty miles. It is 
the Nacimiento or Jemez Range. It is a repetition of the Zulli Plateau 
on which we stand. So far as can be judged by Dr. Newberry's descrip­
tion, it has the same general features, some of which, however, are more 
pronounced.1 

To the northwestward, and only 40 miles away, rises a conspicuous 
plateau mass of much smaller though still considerable dimensions .. It 
is named on the maps the Choiskai Plateau (more frequentl,r pro­
nounced Ohusca and so written on older maps), which is one of the sa­
cred places of theN avajos. It is in fact a lofty mesa, composed of strata 
which are horizontal in the eastern and middle portions of the mass, hut 
turn upU'ctrds as they approach its western verge. The upper portion 
of this mesa must surely be Tertiary, but the most diligent search failed 
to disclose a single fossil. Still I feel confident that its strata are of Terti­
ary age, for the youngest Cretaceous (Laramie) is far beneath them. 

Still more to the northwestward and westward we look over a coun­
try which is greatly diversified, and where the rocks have been subject 
to considerable dislocation by faults and monoclinal flexures of the nor­
mal plateau type. Erosion has worked upon them remorselessly, carv­
ing out many bold· irregular forms, the exact meaning and relations of 
which are not distinguishable at a distant view. Six to eight miles distant 
is the Nutria monocline, rolling up towards us and showing the ends of 
the Jura-Trias in serrated edges. This side of the monocline is PAr­
rnian or Lower Trias; beyond it all is Cretaceous. Before I have con 
eluded this paper I intend t,o carry the reader some distance into these 
regions to the west to see what is there; but it is now more properly in 
order to take up a~ soon as practicable'the description of the Zuni Pla­
teau on which we are standing and of its immediate purlieus. Yet, 
before takiug up the description of the plateau itself, let us look hastily 
at the southwestern side of it and endeavor to gain a distant view of 
the region beyond its flanks. Only a few points need to be noted. The 
southern and southwestern side is simply a repetition of tbe northeast­
ern in inverse order. There is the gently sloping flank, descending 
into a broad valley parallel to the axis of the plateau, and on the 
farther side of the valley rise up the Jura-Trias clifi's facing us. Be­
yond their crest line the Cretaceous strata reappear, stretching far 

1 Geological Report by J. S. Newberry, exploring expedition from Santa Fe to junc­
tion of Grand and Green Rivers in 1859, Capt. J. N. Macomb commanding. Mr. Os­
car Loew has also given some hasty notes of this range in Lieutenant Wheeler's re­
port for 1875. (Annual Report upon Geological Explorations and Surveys West of the 
One Huutlredth Meridian, by George M. Wheeler, first lieutenant of Engineers, being 
Appendix LL of the Annual Report of the Chief of Engineers for 1875. Washington, 
1875.) 
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away into the unknown regions to the southward. Tbus, then, the 
Zuni Plateau is simply a great swell in a vast regional expanse of 
.Mesozoic rocks, breaking for a brief space the continuity of that system 
of strata. From its broad surface tue Mesozoic has ueen d'ennded, leav­
ing tue edges of the strata more or less upturned to face it roundabout . 
on all sides in rainbow cliffs. Away from the plateau the strata resume 
tueir horizontality and the.Cretaceous becomes again everywhere the 
surface of the land. Vast and imposing is the expanse of this mighty 
Cretaceous system. .If we could rise in a captive balloon ~,000 feet 
above this standpoint, the radius of vision would embrace more than· 
20,000 square miles covered with.it. Yet it is but a trifle in comparison 
with its whole extent, which embraces half of the North American con­
tinent. Its thickness is equally matter of wonder. Whence came this 
stupendous mass of material~ 

THE STRA'fiGRAPHY. 

The strata of the Plateau country are remarkable for their homo­
geneity or persistence of lithologic characters when considered with 
referei:we to their horizontal extensions. But when considered in the 
vertical sense they are almost as remarkable for the lithologic contrasts 
to be found among them. Each great group preserves its cuaracteris­
tics with singularly•small amounts of variation from place to place, but 
tue several groups differ as much as possible when compared with one 
anotuer. The study of the geological features of the western border 
of the Plateau province during five successive seasons had producetl in 
me a deep impression of the powerfully marked individuality of each 
group. Theaspect-the colors, sculpture, composition, relative mass­
of every one of them constituted a range of associations as distinct from 
every other· as those which we experience in traveling from mountains 
to plains and from verdant plains to lifeless deserts. But the Trias of 
one terrace or plateau was the Trias of every other, and all were alike. 
So, too, was it with the Cretaceous and the Carboniferous. When I en· 
tered the southeastern border of the province, nearly four hundred miles_ 
distant, it seemed so like the western border that it was at first per­
plexing to decide whether there were any important differences in the 
lithology of equivalent horizons as between the two sides of the Plateau 
conn try. Some weeks of travel aml study !lisclosed differences of detail 
sufficient to forbid at first any unreserved attempt to diagnose the forma­
tions peremptorily by their mere lithologic aspects, as we bad been in the 
habit of doing on the other side. But the examination showed that by 

· altering the criteria a little it was as safe here as there to run by litho­
logic characters when they had become familiar. They "'ere found to 
be quite as strongly marked and individualized and iu nearly all cases 
quite as persistent over wide expanses of territory. 

In this portion of the Plateau country the fossiliferous roeks are all 
included between the middle Carboniferous and the summit of the 
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Wasatch Eocene. The lower Carboniferous, Devonian, t:3ilurian, and 
Cambrian do not occur, and the base of the upper Carboniferous is 
seen to rest upon the granites and schists of Archean age. There is 
considerable uncertainty about tQe upper limit of the local strata; but 
the probabilities are great that it is as I have stated it, viz, the summit 
of the Wasatch beds. Between these limiting horizons we have the 
following major groups of strata: Upper Carboniferous, Permian, .Jura· 
Trias, Cretaceous, and lower Eocene. They will be described in as­
cending order. 

(1) The Carboniferous strata of the Plateau country have been divided 
into two portions, an upper and lower. To the lower portion the local 
name of the" Red Wall Group" has been gh·en and the upper portion 
has been named the" Aubrey Group." The Red Wall takes its name 

from the great vertical escarpments which its most massive member 
presents in the canons of the Colorado. In 4 the Grand and Marble 
Canons especially a band of limestone from 800 to 900 feet thick con­
stitutes the face of the principal vertical cliff and becomes the most 
impressive stratigraphic feature of those great chasms. It has always 
been spoken of as the Red Wall. Its lower Carboniferous age has been 
well ascertained. Above and below it are numerous bands of limestone 
and calcareous sandstones lJelonging to the same group and always 
classed with it. While it is alwa,ys found at the exposures of its proper 
horizon in the other part~:~ of the Plateau country, it is plainly wanting 
in the district we are about to study, and its absence is certa;inly a 
striking fact. It appears to be absent also from the Nacimiento Range 
northeast of the Zulli Plateau, where the upper Carboniferous rests 
upon the Archean just as it does here. In Southern and South western 
Colorado, however, it is usually found in its proper place. The conclu­
sion seems obvious that it was never deposited here, and that this lo­
cality was a land area in early Car·boniferous time. 

The upper Carboniferous or Aubrey Group is usually subdivided into 
two portions, an upper and a lower Aubrey. This subdivision is quite 
proper as well_ as convenient, for the two portions are strongly con­
trasted with each other in their lithologic features and in the topography 
to which their erosion has given origin. The lower .Aubrey consists of 
bright red sandstones throughout, deposited usually in rather thick, 
and less frequently in moderately thin, layers. They are much alike in 
all outward respects, color,- texture, and grouping, and in the erosional 
forms sculptured otit of them. They are very fine grained, without 
traces of conglomerate or coarse shingle or gravels; and having a cal­
careous cement they weather easily and break down into \Tery fine red 
sand. Fossil-s are scarce, but may be found here and there in sufficient 
quantity and distinctness to identify their age. These fossils, so far as 
I have seen, are the same as those which abound in the beds above 
them. 
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The upper Aubrey is composed. largely of sandstones, but they have 
a very different aspect from those below. In color they are yellowish­
brown, and the cement, instead of being calcareous, is siliceous, in fact 
a regular chert. These sandstones, in their final induration, seem to 
have been subjected to some process by which soluble silica has been 
ueposited within them in great quantities, whether by the solution of 
the quartz of the granules of which the sediment was originally composed 
and their subsequent reaggregation, or by "epigenesis," I can only con­
jecture. These sandstones are often conspicuously cross-bedded, and the 
silicification of the rock has in no way obscured it. They have acquired 
a most obdurate character as against weathering, and yield only to the 
corrasion of streams or to the undermining of the ledges which they 
form, and to an incouceivably slow solution of their siliceous contents 
by atmospheric waters. ~here are several bands of these adamantine 
sanustones, an<l intercalated with them are three or four thick beds of 
pure limestone, containing an abundance of fossils of many and charac­
teristic species. 

While the Mesozoic strata of this district show stlme differences in 
comparison with those north of the Grand Canon, the upper Aubrey 
shows none, except in thickness. Its clifl's in the upper wall of the 
Grand Canon and those overlooking the granite of the Zuni Plateau 
are so similar that it is hardly possible to doubt that their materiais 

FIG. 1.-Wingate sandstone; the equivalent of the Vermilion Cliff sandstone of southern Utah. Photo-
. . 

graphed on wood and engra.,-ed. 

came from the same source and were deposited under the same con­
ditions. .In the former locality they are thicker in about the ratio of 5 
to 3, and this ratio holds gootl, not only for the Aubrey series as a whole, 
but for all its subdivisions and principal members. In the Grand Canon 
the thickness of the Aubrey is about 2,000 feet; here it is about 1,200. 
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(2) The Permian series of the Plateau country bas always been a 
trouble~;ome one to the stratigrapbist. That it exists there has been 
established with as fair a degree of certainty as paleontologic evidence 
will a(lmit, by the researches of Mr. C. D. Walcott, who bas found what 
are regarded as distinguishing fossils north of the Grand Oaiion.1 Dur­
ing the last season I found near Fort Wingate several specimens of Bake­
tcellict and an attenuated form of 1lfyalina, corresponding to the forms 
of the latter genus which are common in the Permian, but the strata 
assigned to that age are not fruitful in fossils. They are well separated 
lithologically from the Carboniferous be)ow, but no really satisfactory 
separation from the Trias above has yet been made. Mr. Walcott bas 
assumed a provisional upper limit at a well-marked, coarse sandstone, 
occurring near the southern boundary line of Utah, to which Powell 
gave the name of Shinarump Conglomerate. Curiously enough, this 
same Conglomerate, with identical feature111, occurs at Fort Wingate, and, 
indeed, wherever its horizon comes to daylight throughout this region.2 

Mr. Walcott's di\'ision is an arbitrary one, but is probably justifiable 
under the cir~umstances, because at the lwse of the Sllim1rump Con­
glomerate we often find one of thm;e peculiar unconformities by erosion 
without any unconformity of dip. It is necessary to make a division 
somewhere, and this is the only "bench-mark" which is readily identi­
fiable. It will have to anHwer the purpose until a better one can be 
found. 

The Permian beds are distinguished for their dense and highly varie­
gated colors -chocolate, maroon, dark brownish reds, alternating with 
pale, ashy gray or lavender colors. They are sandy shales, containing 
gypsum and selenite in abundance, with here aud there thin bands of 
limestone. It runs more to thin, sandy shales than anything else. In 
its upper portions it contaius a great abundance of tbe silicified trunks 
of large coniferous trees. Tbis characteristic, too, is common to both 
sides of the Plateau province, and is also met with in aU intermediate 

1 Lingula mytiloides, Disoina nitida, Orthis -- ~ Rhynclwrwlla Uta, Nucula, t\VO spe­
cies; ·.AriculaJJecten, three species; Myalina, four species; Naticopsis, two species; Pleuro­
tomMia. --? Macrocheilus --? Cyrtoceras --? Gouiatites --? Na1ttilus 
--,1 P.leth·ophor11B --¥ Schizodus --? Bakewellia.pa1·va, and two other spe­
cies; Pteria --f Mytilus --f Rissoa --f Pentaorinus ---f and Pileolus 
--1 . 

2 The persistence of this formation .is indeed mo~t extraordinary. A very coarse, 
almost conglomeratic sandstone is about the last kind of bed.that one would have 
expected to find preserving any sort of constancy over a great area. Yet this mcm­
·ber, which bas an average thickness of hardly 50 feet, is found all over the Plateau 
country, so,far as we yet know. The Potsdam sandston!J of tbe.Eastern States and 
Mississippi Valley is often spoken of as a remarkably persistent formation, but it 
changes its characters very notably from place to place, while the Shinarump Con­
glomerate keeps its aspect unaltered wherever it spreads. This woulu have been less 
remarkable if it had beeu a limestone or a fine-grained sandstone or shale. It is very 
perplexing when we attempt to conjecture bow snch materials could have been dis· 
tribntetl so uniformly over such immenec areas. 



DUTrON.] T~E GENERAL FEATURES OF THE DISTRICT. 135 

exposures. It is a common saying that there is more petrified wood in 
Arizona and Western New Mexico than living wood, and there is no 
great exaggeration ' in the statement. The Permian formation here is 
considerably thinner than in Southern Utah, being about 450 feet 
against 800 feet or more near the western border of t.he Plateau country. 

FIG. 2.-Wingo.te sandstone, with many beds and part ings ; the same horizon ItS that shown in ll'ig. 1. 
Photographed on wood an·d engraved. 

(3) The Triassic system of' New Mexico cannot be correlated so easily 
with its cognate beds in Southern Utah and the Grand Canon district 
as the Carboniferous and Permian. In the former region it has yielded 
but few fossil~, while in the latter it has yielded none at all. We have 
here as well as there only an arbitrary provisional horizon for its base, 
and we are if possible still more uncertain where to assign its summit. 
Th~ paleontological doctors disagree, and who therefore shall decide¥ 
It all hinges upon the· question whether the Jurassic system has any 
representatives in this region. If not, then the summit of the Trias can 
be established at once. But if the upper portion of the enormous series 
of sandstones and gypsum beds which lies between the Shinarump Con­
glomerate and the lower Cretaceous sandstone is Jurassic, the problem 
must wait for a solution. But let us first describe the strata themselves. 

The coarse sandstone, equivalent, I believe, to Powell's Shinarump 
Conglomerate, will be for the present the provisional base of the series. 
Above it lie about 650 feet of dark, strongly colored sandy shales abound­
ing in selenite and silicified wood. These shales resemble so exactly 
the Permian below that it is quite impossible to distinguish them litho- . 
logically. In color, texture, bedding, and variegation they are absolutely 
the same, and· in order to know "which is which" it is necessary to find 
the coarse sandstone member. If the beds are above it they may be 
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relegated to the Trias; if below it, to the Permian. The only fossils it 
has yielded are plants and a few Saurian bones. The former have been 
pronounced by Newberry Triassic and the latter arfl regarded by Cope 
as being of the same age. Above tl!ese dark shales lies a series of 
lighter colored, pale, dull-red shales the thickness of which I ha1l no 
opportunity to measure satisfactorily. '.£bey weather so easily that 
they are always covered with sand or soil and are seldom exposed, but 
as nearly as could be inferred their thickness is about 800 to 900 feet. 
Two thin bauds of bard limestone, only four feet and three feet, respect­
ively, in thickness, were noted, and after spending many hours in search­
ing them for fossils, I had my labor for my pains. No semblance of a 
fossil could be found. 

Next in order comes the most conspicuous stratigraphic member of 
the whole region. It is a massive bright red sandstone. Ont of it have 
been carved the most striking and typical features of those marvelous 
plateau landscapes which will be subjects of wonder and delight to 
all coming generations of men. 1'be most superb canons of !he neigh-

l<' IG. 3.-Zulii sandstones, consisting of the upper members of the Jura-Trias system. Photographed 
on wooU. 

boring region, the Canon de Chelly and the del M uerto, the lofty pin­
nacles and towers of the San Juan country, the finest walls in the great 
upper chasms of the Colorado, are the vertical edges of this red sand­
stone. It is in reality a group or sub-group of sandstone, in which the 
lines of bedding are generally, but not always, effaced. Sometimes, 
however, the partings are wholly obliterated, so that the edge of the en-
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tire sub-group is presented as a single indivisible member. Sometimes 
a portion of the partings is effaced, and a part is so presented. Some­
times partings are seen to divide the whole of it (Fig. 2). into a series 
of beds varying in thickness from a yard or two to 20 feet. 1\fost fre- · 
qnently there will be at least :!50 feet presented without subd_ivision 
and as a vertical wall (Fig. 1). This formation is without much doubt 
the equivalent of the Vermilion Cliff series in Southern Utah. But its 
aspect is somewhat different. We can, howeYer, trace the transition of 
its outward features by a slow gradation over the intervening country. 
The thickness of this subdivision, which I have named provisionally in 
my field-notes the Wingate sandstone, varies much from place to place. 
In the imme!liate vicinity of the Zuiii Plateau its thickness averages 
about 450 feet. To the northward and northwestward it attains from 
800 to 900 feet. 

( 4) Abo\e the Wingate sandstones comes another series of sandstones 
antl sandy shales with occasional masses of gypsum, the thickness of · 
which is also very variable, ranging from 800 to 1,300 feet. Of all the 
stratigraphic subdivisions, it is the most inconstant when traced from 
place to place. It is wonderfully banded and variegated in color. Many 
pages might be. written descriptive of the changes of color which it 
presents, not only as between different beds in the same section but 
as between the same beds ·in different sections. Some of the color 
effects are weird aud even amazing. This formation, like the Wingate 
sandstones below, sometimes has its partings effaced, and is presented 
like a great massive individual member, but not so as a general J,'Ule. 
Between Wingate and Zuni, around the southwestern flanks of the Zuni 
Plateau, it is texturally solid and homogeneous, and yet is divided up 
into alternating bands of bright red and white, like the American flag. 
The white looks as if it had been painted with pot and brush upon a uni· 
form smooth red surface. Around Zufii the whole mass is of a nearly 
uniform creamy white color, suggestive of t,he White Cliff sandstone of 
Southern Utah (Figs. 3 and 10). In Pyramid Valley, south of 1\fanuel­
ito, on the Atlantic and Pacific Railroad (see western uorder of the map), 
it is of a uniform leaden color, and when seen from above under a bright 
sun it produces an astonishing color effect. North of Fort Wingate it 
is broken up into a series.of variegated beds of all conceivable colors. 
Yet 'the materials of these strata are the same throughout, fine sand 
with a calcareous and gypseon~'< cement, with an occasional band or even 
a thick member of gypsum. The gypsum is most abundant near the top 
of the series, where it occurs sometimes in very heavy masses. SiliCi· 
fied wood is also abundant in this series. I have in my field-notes named 
these beds tbe Zulli sandstones. 

Altogether we have between the Permian and Cretaceous horizons 
about 3,5oo·feet of heds, mainly sandstones, with some gypsum beds arid 
a few thin sheets of limestone. · Can the whole of t.his great mass be 
Triassic'~ The question is one which the paleontologists must ulti-
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mately decide, but the fossils are so few and indecisive that they are 
hardly in a position to answer it. Dr. Newberry is inclined, with some 
reservatiou, to call the whole Triassic and to discard the Jurassic alto­
gether. Professor Cope, on the contrary, attributes a Jurassic age to the 
upper portion. Dr. Newberry found at the summit of the series and 
just beneath the Cretaceous at Abiquiu a fine series of fossil plants 
which he confidently calls Triassic. But fossil plants have not always 
been in harmony with other paleontologic evidence. The whole ques­
tion, however, must remain for a long time in abeyance. It is useless 
to expect a satisfactory answer until the evidence shall have been col­
lated in sufficient quantity and force to warrant a confident opinion. 
General considerations, however, strongly favor a J ura.ssic age for those 
beds which lie above the Wingate sandstones. This view correlates well 
with what we find in other portions of the Plateau country. And if 
they are Triassic, then we have a considerably greater mass of rocks of 

·that age in this portion of the province than in the western portion. 
This would be surprising, anti wholly contrary to what we observe in 
the other formations, which certainly grow thinner from northwest to 
southeast. In consequence of the uncertainty about their age, I shall 
adopt the non-committal term Jura-Trias for the whole series l.ving·be­
tween the Permian and the Cretaceous. 

(5) Jt is difficult to conceive of two kinds of scenery more strongly con­
trasted than those presented in the Plateau country by the Cretaceous 
and the Jura-'l'rias respectively. The Cretaceous is a huge mass of sand­
stones and shales devoid of any striking color and rarely presenting 
any pleasing or impressive forms. Its scenery is tame and monotonous, 
and when the vegetation is scanty or of a specially arid character the 
prospects arc dreary and repellent. The Cretaceous system in the dis­
trict examined is the same, in all essential respects; with the equivalent 
series which has been so well studied by Dr. Hayden's survey in Colo­
rado. In stretching southward it has undergone no material change. 
At the base we have the Dakota sandstone, which here, as elsewhere, is 
the most conspicuous and important individual member. It is a hard, 
obdurate mass, varying in thickness from 180 to 230 feet, and its broken 
edge almost always marks a great break in the topography of the 
country. It is usually found as the capping of some great mesa or ter­
race, for its adamantine texture enables it to resist the wear of erosion 
while the beds above it are readily dissolved away. 

The Cretaceous ·series is so vast and at the same ti)lle so monotonous 
that in order ·to present its chief component masses in a way 1Jmt will 
be readily comprehended we may resort to the following device: Im­
agine·four members consisting of massive sandstones, ·the several mem­
bers being from 100 to 250 feet thick. Imagine them separated from 
each other by masses of soft, t_hinly-bedded sandstones, sandy shales, 
marls, and limestones. Or, again, imagine 3,000 feet of these shaly and 
marly beds, with the massive Dakota sandstone (250 feet) underneath 



DUTrON.] THE GENERAL FEATURES OF THE DISTRICT. 139 

them, a second massive sandstone on top (125 feet), and two more similar 
massive sandstones ( 125 and 175 feet) inserted in the midst of the series. 
These sandstone members thus become planes of reference. · Between 
the Dakota and the second one (in ascending order) we have some 1,200 
feet or more of shaly beds; between the second and third nearly 900 

~'IG. 4.-Bnttea and mesas ot the Middle Cretaceous. Photographed on woud. 

feet: between the third and fourth 550 feet. This will include all the 
Cretaceous below the Laramie beds, which must be added to make the 
series complete. The thickness of tbe Laramie I do not know, but infer 
that it is not far from 800 feet. We have then the following scheme in 
descending order: 

Cretaceous system. 
Feet. 

1 Laramie group .. .. .... . . . . .. c .. ... · .... . ..... . ..... . ...... . .... . ... : . . . . . . 800 
2.· Massive sandstones (upper) . . . . . . .. . .. . . . . . . . .. . •. . . . . . .. .. . . . . . . . . . . . . .. . 125 
3. Shales and marls...... .. . . .. . . . . .. . . . . . . .. . • . . . . . . .. .. . . .. . . . . .. . . . . . . . . . 550 
4. Massive sandstones .................. . ...... .. ... .. .................. . .... 175 
5. Shales and marls . . . . . . . . . . . . . . . . . . .. . . . . .. . • . . . . . . .. .. . . . . .. . . . . . . . . . .. .. 900 
6. Massive sandstones.. .......... .. . . . . . . . . .. . . . . . . .. . . . . .. . . . . . . . • .. . .. . . .. 125 
7. Shales and marls ......................................................... 1, 200 
8. Dakota sandstone . . . . .. . . . . . . .. .. . .. . .. . . . . . .. .. . .. .. ; . . . . . . . . . . . . . . . . . . 250 

Total ......... , .............................. .. ................. .'. .... 4, 125 

The above divisions are by no means based on paleontologic data. 
Quite the contrary. They only represent such subdivisions as the geolo­
gist sees in tlle topography and outward aspects of the beds. To investi­
gate the fauna and flora aud establish divisions upon the basis on which 

.. 
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such divisions are usually made would, in this little district alone, in­
volve several season~' labor by an experienced paleontologist. The 
monotony of the series, the great inequalities in the amount of erosion, 
the similarity of the different portionl5, and the enormous mass of the 
series make it a difficult one to unravel. Fortunately, the shaly and 
calcareous beds generally ;yield fossils, sometimes abundantly, and witll 
time and patience the subdivisions of tile system can be satisfactorily 
made and correlated with tllose of adjoining regious. It may be of 
some interest to compare the foregoing description with the section 
made by Mr. W. H. Holmes (Hayden's Report for 1876-Ninth Annual 
Report U. S. Geological and Geograpllical Survey of the Territories) in 
the valley of the San Juan mver, about 150 miles north of Fort Win­
gate. The agreement is very close, and Mr. Holmes's diagram is here 
reproduced for purposes of comparison. (Plate XVII.) 

The entire series abounds in coal beds and bituminous matter. Much 
of the coal is quite workable and of fair quality. It is now mined on 
the Atlantic and Pacific Railroad, near Gallup, and is used exclusively 
in all districts roundabout which cannot be more cheaply supplied with 
emil of the same sort from other localities. The quantity of this coal is 
enormous, for it is found in man,y thousand square leagues of territory. 
It is not at all improbable that there is more coal west of the Mississippi 
than east of it. The quality, however, is somewhat inferior. 

(6) The former existence of the Eocene in this district is rendered 
highly probable by the occurrence of-a large remnant of sandstones in 
the Choiskai mesa only a few miles to the northwestward and a much 
larger one a little more remote lying due riorth. The latter locality, 

.,. however, was not visited, but it bas been identified by Professor Cope 
aml other geologists attached to Capta.in Wheeler's survey. Its limits 
are unknown to me, and I have not ventured to attempt their expres­
sion upon the map. With regard to tbo"Se upon the Choiskai mesa, two 
visits to them, one by myself, the· other by my companion, Ensign 0. G. 
Dodge, U. S. N., failed to bring to light any fossils, though diligent 
search was made. Of their Eocene age I llave no doubt. By noting 
the dip and thickness of the Cretaceous system traced in two direction~ 
it was clearly seen that the beds on the summit of the mesa must be­
long to a much higher horizon than any others in the neighborhood. 
'l'bey differ also in character from the recognized Cretaceous, being 
chiefly bard obdurate sandstones, with a few softer marls and shales. 
They answer well to the descriptions given by Newberry, Holmes, autl _ 
Cope of the . Wasatch beds in the Canon Largo to the northeastward. 
Uudoubtedly, the Laramie beds are ·below them, but my journey over 
this ground was made under great pressure and I bad not the opportu­
nity to attempt the identitica tion of the I.~aramie GrOLip. The Wasatch 
beds arc very thick, but. as 1 do not know precisely where they are to 
be separated from the Laramie below I am unable to give the measure 
of them. They and the Laramie together have a thickness of 2,000 to 
2,100 feet, and the La.ramie can hardly exceed one- third of t.be whole. 
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OHAPTl!JR III. 

THE ZUNI PLATEAU. 

The platform named Zulli Mountains on the map is not a proper 
mountain range. It is an el6vation of the plateau type, produced by 
some uplifting force raising it considerably above the surrounding 
regions. On the 11ortheastern side the strata l'ise by a gentle acclixity 
to its summit, where they become horizontal and continue so as far 
as the southwestern border. Then they <lecline again into the regions 
beyond. 'rhe s11mmit of the platform is excavated into a broad valley 
by erosion, with remnants of the strata which once stretched across still 
remaining. The general trend of the axis of the uplift is nortllwest 
and.soutbeast. 

From th'e colored map it will be seen that the strata now covering 
the regions surrounding the plateau are successively terminated as they 
approach it. First, the uppermost, or latest formation of the country 
(Cretaceous) ends in a cliff which drops the profile of the land upon the 
Jura-Trias. 'rhis latter formation reach~s farther inward towards the 
plateau, but is at length cut off exposing the Permian. Finally the 
Permian ends in like manner, leaving the Upper Oarboniferous to form 
the innermost belt. Throughout a considerable portion of the plateau, 
the Carboniferous is cut off at the shoulder or crest of the main }llat­
form, and beneath it the gneisses and mica schists of the Archean ap­
pear in the heart of the uplift. That all the strata which appear in the 
surrounding country, but which are now absent from its flanks or its 
summit, once extended unbroken across its entire extent, is apparent 
enough to the geologist, but this will be adverted to hereafter. 

It will be seen from the colored map (Plate XIV) that the successive 
belts of strata occupy much wider portions of the surface upon the north­
eastern than upon the southwestern side.· The reason for this will ap· 
pear from an examination of the sections (Plate XVIII). From the north­
east the strata rise towards the summit by long gentle slopes, while 
upon a part of the southwestern flank they tui'n up suddenly, and at a 
high angle, in the Nutria monocline, a feature which will be examined in 
some detail further on. To the northwest the elevated tract <liminishes 
in height and in breadth and finally vanishes completely. To the south­
east it similarly vanishes, but more gradually; but its termination in 
this direction is considerably be~·ond the limits of the map, and there~ 
fore cannot be shown. In order to gain some more definite conception 
of the arrangement of the component masses, and at the same time to put 
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this conception into relation with the processes which have made them 
what they are, let us endeavor to carry back the imagination to some 
period immediately preceding the action of the forces wllich have np· 
lifted the plateau. · . ' 

Early in Tertiary time the strata which are now absent from the sur­
face of the uplift, but which appear cut off in the cliffs which surround 
it, were continuous across it. They were also very nearly horizontaL 
\Vhen the elevation of the plateau began and made progress, the sum­
mit and flanks were attacked by erosion. In accordance with a well 
known law, erosion acts with the greatest vigor where the declivity of 
the surface is greatest. .This law, which depends upon a good many 
factors, and is quite complex when resolved into its components, has 
been admirably analyzed by my colleague, Mr. G. K. Gilbert.l Accord· 
iDgly, after some marked elevation bad been gained, the mass of the 
plateau was wasted by erosion much more rapidly than the surrounding 
lowlands. The Cretaceous and Jura-Trias beds have been denuded com­
pletely from its summit and flanks and now appear only around its base. 
The Permian rises a little way up the flanks throughout most of the 
periphery, but upon the northwestern extremity it reaches up as far as 
the summit. The Carboniferous forms the main slopes, and large rem­
nants of it occur upon the summit platform; but these beds have been 
greatly ravaged by erosion, so that the underlying Archean is exposed 
in several places. It is obvious that such an extensive destruction of 
the strata required a long period of time for its accomplishment, awl 
though the whole of it has been efl'ected far within the limits of Terti­
ary time yet the results of tlJe process are everywhere eloquent of an­
tiquity. As the denudation went on the plateau-mass was pushed up 
higher ~nd higher. And as the central masses rose they bent urwards 
tbe edges of the eroded beds on the flanks. The abruptness of this 
flexing of the beds is very variable, anu is generally more conspicuous 
on the southwestern flank, where it gives rise to the Nutria monocline. 
This structural feature is so important that it will bear examination in 
detail. 

THE NUTRIA. MONOCLINE. 

Upon the southern limit of the map and about opposite the middle 
of the plateau, the strata have an inclination of only (iO to 100 at the 
most. There is here a series of cliff's on the .upturn of the monocline 
which face northeastward towards the plateau. They consist of the 
upper and very massive members of sandstone in the Jnra-'l'rias series 
and just back of their crest-line the Cretaceous is seen. Not all of the 
Jura-Trias is exposed here, for the broad valley in front of them is well 
covered with . alluvium, which conceals the beveled edges of tlw lower 
Triassic members; and where the rocky strata rise to view out of the val­
ley, alHl further in towards the plateau, the Permian beds alone are seen. 
As we follow the trend of the monocline northwestward the dip of the 

I Geology of the Henry Mountains. 
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beds steadily increases. The succession of basset edges of the Meso­
zoic- beds shows a crowding closer and closer together, until the entire 
thickness of the Permian, Jura-Trias, and Lower Cretaceous is exposed 
in a belt of country not much more than a mile wide. At Nutria the 
inclination of the monocline reaches its maximum of about 750. This 
aoruptness continues thenceforward throughout t.he northwestward 
course of the flexure until near tLe end; the inclinations, however, 
diminishing to about 50o. In this part of the monocline there are some 
very curious details worthy of special examination. At Nutria the con­
figu!'ation of the strata is as shown in the diagram, Fig. 5. And the 
general appearance of the ground is represented in the picture, Fig. 6. 
Here we observe on the left (southwest) the Cretaceous strata coming 
horizontall;y towards the monocline and actually abutting against it.. 

tRtfACEOUS. :Z.U~f SANDSTONt i.OWE"A TRJA.S, P!.RMIAN &e. 
CARB0Nif£ROU 5. 

Fro. 5.-Section showing the positions of the strata in the monoclinal flexure at Nutria Spring, about 
18 miles SSW. of Fort Wingate. 

The great flexure seems to roll up out of the earth with its beds stnnd­
iug nearly vertically and witll the broken edges of the horizontal strata 
walling against them. The members of the upturned Cretaceous which 
lie, or rather stand, farthest to the left, however, are younger in age and 
belong to a higher horizon than the surface stratum of the horizontal beds 
beyond; and, indeed, there are some 650 feet of these younger strata 
in the monocline which do not appear in the undisturbed series in the 
immediate neighborhood, though they occur in their proper place a mile 
and a half to the westward. This same configuration of the beds con­
tinues all the way between Nutria and the railroad. Fig. 7 is a dia· 
gram of the section where the Atlantic and Pacific Railroad crosses the 
flexure, near Gallup, and Fig. 8 shows the aspect of the ground on the 
west side, while Fig. 9 shows it upon the east side of the pass.l 

These attitudes of the strata are indeed very perplexing. If we ex­
amine the minuter texture of the rocks we shall discover no evidences 
of compression or squeezing. We do observe, however, many indica­
tions of shearing stress, and these must inevitably have followed from 
the bending of the rocky layers. These traces are seen in the number-

' Dr. J. S. Newberry has given the same section in his geological report, page 68, in­
cluded in the report upon the Colorado River of the West, explored in 1857 and 1858 
by Lieut, Jo, eph C. Ives, and known as the Ives Exploring Experlition. He went 
through this pass in the year 1855. His representation is substantially the same as 
that given h ere. Mr. G. K. Gilbert also gives a section at Nutria in Vol. Ill, U.S. 
Geological Surveys West of the One Hundredth Meridian, Lieut. G. M. Wheeler in 
charge, page 553. 
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less minute joints where the curvature is great, and these may be re­
garded as so many differential slips. Sometimes, however, we find the 
sandstone layers bent without; any of these traces of shearing. At 
Nutria, where the inclination is from 70o to 750, there are no traces of 
differential slips or joints, and the layers of hard Dakota sandstone 
ha,-e been flexed without visible fracture. The massive r'ed sandstones 

FIG. G.-Tbe monocline at Nutria. Tbo summit of the bill is the 11 early ..-ertic·al outcrop of the Da­
kota sandstone ; the right-hand slope is tbe edge of tbe Zuili sandstone ancl the left. band 
slope is the edge of the sha\y beds overlying the Dakota sandstone. Compare this picture 
with the preceding section, Fig. 5. This picture is photographed on wood. 

beneath are also exposed, and they too are apparently free from com­
minuted fractures. Thus we find in some places uumistakable indica­
tions of the action of those shearing forces which are set up when rocky 
strata are bent, while in other places the appearances indicate that the 
plates of rock have been bent as if they were plastic like metal. 

The exposures are admirable, and the relations of the upturned beds 
to their horizontal continuations to the westward are recognized at 
a single glance. The first thought on seeing them takes the shape of 
the question: How was it possible for strata once horizontal to have 
been thrown into such positions~ The inquirer, I think, will have to 
wait a long time for an answer. I have struggled with the problem, 
but without success. We may advert in this connection to some of the 
associated phenomena of faults in the Grand Canon district which have 
been described in former works.l There it is a frequent occurrence for 
the edges of the thrown beds to turn downward as they approach the 
fault plane. This featnre is conspicuous in the great Hurricane fault 
and in the West Kaibab fault. · In the discussion of those displacements 
it was suggested that what is now the upthrown side of the fault was 
formerly the down throw of a monocline of older age, all!! that a subse­
quent uphea,·al raised the present upthrown side while the older lift 

1 Exploration of the Colorado River of the West in 1869, 18i0, 1871, H:l72, J. W. 
Powell. Tertiary History of the Grand Canon District-, Monographs of the United 
States Geological Survey, Vol. II. 
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of the monocline remained stationary. There is difficulty, however, in 
applying this somewhat arbitmry hypothesis to the curious dislocation 
of the Nutria monocline. 

FIG. 7.-Section of tbe Nutria monocline at Mineral Spt·ing, near Gallup, at the point where tbe mono­
cline is croseed hy the Atlantic anu Pacifi c Railroarl. 

The method of resolution of tlte monocline towanls the northwest is 
Yery simple. The displacement steadily diminishes and at last becomes 
zero. Just north of the railroad the Mesozoic strata, which are denuded 
from the uplift to tbe south of it, reappear, coming in one after another in 
a series of cliffs and terraces. The strata which terminate in these cliff's 
slope with a gentle dip to the north. The illustration (Plate XIX)conveys 
a much clearer idea than words can possibly do. From any very elevatetl 
standpoint south of the railroad and within a few miles of it one can 
easily see the whole structure. It is one of the fine spectacles of the 
Plateau country aml highly characteristic of itl:l scenery. The most 
conspicuous features are the great cliffs which stretch eastward as far 
as the eye can reach, rising in a succession of terraces, each marking 
some important subdivision of the Mesozoic series. 

Let us now examine hastily the country whieh lies to the west of the 
Zulli Plateau. The map shows t.llat it is covered witll a belt of Creta­
ceous strata fifteen to twenty miles in width. In traversing the road from 
Nutria to Zuni we shall obtain a very good idea of a country made up of 
Cretaceous rocks. Just at the monocline we see the strata coming 
from the west in a stricti~· horizontal position until they abut squarely 
against the upturned beds in the :flexure, as already described. This 
horizontality is approximately maintained far west of Nutria. But 
the country is deeply eroded into mesas, with sloping bluff's around 
their margins and with broad valleys aml low plains between them. 
The strata rise very gently to the westward, .bringing up lo_wer and 
lower horizons, but the acclivity is so small that the eye does not detect 
it readily. The entire distance is through the lower part of the Creta­
ceous (Colorado group of Hayden), though occasionally we see a few hun­
dred feet of higher beds occurring as remnants. About nine miles east 
of Zuni the whole mass is suddenl.v upturned monoclinally. In this flex­
ure the depressed side is the eastern and the uplifted side the western; 
just the reverse of the Nutria monocline. The inclination of the beds 
is at the most only go or 100, and generally rather less. The drainage 

6 GEOL--10 
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from the western slopes of the Znili Plateau is here gathered into the 
main valley of the Zulli River, a tributary of the Little Colorado, which 
passes through the monocline in a gorge about 500 feet in depth, and in 
this gorge the upper part of the Jura-Trias comes into view. Upon 

FIG. 8.-Nutria monocline at Mineral Spring ; west side. On the left end of the picture the horizontal 
beds of the Cretaceous are shown and on the right end beds inclined at an angle of 55°. 
Tbe horizontal members are seen upon the ground to abut against the inclined members. 
Photographed on wood. 

the flank of the monocline the Cretaceous ends, being cut off by erosion, 
and the profile drops down upon the summit of the Zuni sandstones 
(Jurassic~). A little farther on it drops again to the Wingate sand­
stones (Upper Trias~). 

The map shows at tnis point a wide valley opening towards the west, 
floored with Triassic beds, while the Jura is seen on either hand. Tbere 
is a marked difference when these two series (Zuni sandstone and Win­
gate sandstones) are compared with their respective equivalent beds 
north of Fort Wingate. The former, the Zuni sandstones, are here 
very massive, forming high cliff's, which are belted alternately red and 
white, while the Wingate sandstones below are broken into a .series of 
ratber thin beds witb shaly and gypseous partings. North of Fort Win­
gate it is almost exactly the reverse. The Wingate sandstones are mas­
Give without partings, wbile the Zuni series is broken up ii1to number­
less bands of highly variegated color and texture. A few miles farther 
westward, hard by the famous town of Zulli, the upper sandstones have 
again changed their aspect. They have lost their belted colors and are 
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now almost of a uniform creamy white or very pale gmy. The edges 
stand in noble cliffs nearly vertical, and deep canons are cut in the forma­
tion which are among the finest and most stately in this part of the 
country. Upon a mesa rising 1,200 feet above the plain and bouuded 
by the steepest of walls are the ruins of the historic old town of Zulli, 
one of the very few ruined pueblos of which there is even so much as a 
tradition. (Fig. 10.) 

Southwest of Zuni for many miles the whole country is composed of 
Jura-Trias and Upper Carboniferous, so far as now known; except of 
course those large areas which are overflowed with lava. In that direc­
tiou I am not aware that the Cretaceous is seen again for several hun­
dred miles. · 

The monocline which we have just noticed about nine miles east of Zulli 
is a geological feature of the gr(oatest importance. We crossed it at a 
part where its magnitude is least. The trend of the flexure is towards 
the north west and its amount of displacement steadily increases. It 
crosses the line of the railroad a little west of the station Manuelito, 

FIG. 9.-The Nutria monocline nt Mineral Spring, east side, showing the inclined bed curving back to 
horizontality. Compare this and tbe preceding figure with tbe section Fig. 7. Photo­
graphed on wood. 

upon the extreme western edge of the map. A little farther northward 
the flexure becomes much more abrupt and of much greater displace­
ment. The inclination reaches more than 6oo. Between Manuelito and 
Fort Defiance the Cretaceous is sharply upturned on the eastern flank, 
the edges of the whole Jura-Trias and Permian are quickly passed trans­
versely to the outcrop, and the Carboniferous is rolled up high in air 
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on the western or uplifted side. Defiance Valley1 is a" monoclinal val­
ley" parallel to the strike of the beds along the slope of this great flex­
ure. I do not know as yet the full extent of this monocline, unt have seen 
it as far north as the extreme northwestern corner of the map (Plate 
XIV), and it ex;tends thence as far as the features of the country can be 
recognized. Its known length is 85 or 90 miles. The uplifted region 
to the west of it is for a considerable distance Carboniferous, with rem­
nants of the Permian and Lower 'l'rias. Thus the continuity of the 
Cretaceous system is for a considerahle space interrupted by it, but it 
reappears far to the westward. 

Thus we find that the Cretaceous SJ'Stem west of the .Zufii Plateau 
occupies a belt of couut.ry bounded on the west by the Zuiii monocline 
and on the east hy the Nutria monocline, and the two great flexures dip 
towards each other. The intervening spaee, especially in the vicinity 
of the railroad, is complicated by se\·entl minor faults and flexures, hut 
I have not worked them out. Their effects are not great, and they were 
not deemed of sufficient importance to occupy much time in studying 
them. 

Turning the angle at the north west end of the Zuni Plateau, let us 
now follow the principal outcrops of the strata to the eastward. The 
long line of cliffs just spoken of now become the most commanding feat­
ure of the landscape as well as tile most significant geologic fact. At 
the summit of the front or principal wall we find tile base of the Creta­
ceous, consisting of an adamantine sandstone which makes a very re­
sistant capping. Its thickness (the basal member only) is about 160 
feet. Beneath it are seen the highlJ'-colored variegated shaly sand­
stones forming the uppermost part of the Jura-Trias system, whether 
Jurassic or not is as yet uncertain. Still lower are much more massive 
tmndstones of remarkable color, almost white or ashy, and showing no 
distinct partings for more than 200 feet. Still lower is the red massive 
sandstone of the Vermilion Cliff' Trias, which, on the whole, is the most 
conspicuous member of the stratification in all the surrounding region 
(Fig. 1). It stands in vertical walls 250 to 300 feet high, without any 
apparent partings and without any cross-bedding. Its brilliant color, 
its massiveness, the bold and absolutely vertical faces, the smoothness 
of the wall, all combine to make it a very striking object of contempla­
tion~ It is, however, interrupted by wide breaches in many places, so 
that it is broken into a series of detached piles with a linear arrange­
ment. As we approach the great cliff we find that this Vermilion Cliff 

1 Fort Defiance lies about four miles to the west of the western border of the map, very 
near the parallel of 35° 45'. The topographical sheet next west of the Fort Wingate 
sheet has been completed, and I was tempted to reproduce a part of it adjoining the 
geological map given herewitl1 (Plate XIV), but the geological features are somewhat 
complex, and I have not seen tlJe whole of the part so contemplated and could not 
give those features with the desired. accuracy. I therefore abandoned the design. 
The geology in the ntighborhood of this great nwunc1ine is extremely interesting, and 
I rl'gret my inability to present it in detail. 
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sandstone stauds more than a mile in front of the main wall, and that 
upon its summit there is a terrace, which, however, is so rugged by rea­
son of the excessive inequalities of ~:>rosion that it is impracticable to 
travel far upon it without meeting some insuperable obstacle. In this 
terrace short deep canons have been scored. They bead at the base of 
the main wall, and are at first narrow and steeply, sometimes vertically, 

FIG._IO.-Toyalaoe ; a butte composed of the uppel' membel's of the Jnra-Tdas system, as seen from 
the housetops of Zufii. PhotogTaphed on wood. 

walled. Farther out towards ·tbe plain they widen, sometimes to a con­
siderable width. In several places the upper platform above the main 
palisade bas been eroded away so as to lower the altitude of the cliff 
nearly one· half. In the widest of these gaps, a little west of Wingate, 
stands the remnant of eroded strata known by the name of "the Navajo 
Church," a conspicuous object from the southward. (Fig.12.) 

If we start from the crestline of the highest part of tbe cliff and pro­
ceed northward we shall find the strata dipping very gently in about 
the same direction as our course. The dip becomes more easterly if 
we choose more easterly starting-points, so that opposite Chaves Station, 
and still more decidedly opposite Bluew;.~ter, the dip is not.ably to the 
east of north. In our progress along the line of tbe dip we shall en­
counter successively higher and higber members of the Cretaceous 
series. They make their appearance as a succession of " bluffs" rat her 
than cliffs. An interval of from one to two miles usually separates them, 
and each series carries the profile of the country up about as much as 
the dip of the beds since leaving the last ledge bas carried it down. At 
a distance varying from eight to twelve miles from the southern crestline 
we come to the brink of a cliff facing northwards. Here the profile 
suddenly drops from 700 to 800 feet, giving us a very widely extended 
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view. The country before us is a monotonous plain. Excepting the 
Choiskai mesa to the northwestward, there is no object to fix the at· 
tention except the faint featureless summits of far distant mountains 
just rising above the horizon. Here and there in the plain below may 
be detected the edges of sandy shales forming low bluffs, and these 
seem to be rather more common to the ·northeastward. The stratifica­
tion in the plain below is nearly horizontal. Everything in sight is 
Upper Cretaceous except the higher part of the Choiskai, which I pre· 
sume to be Tertiary. We stand therefore on a great mesa, terminated 
on its north and south sides by cliffs, its strata dipping from two to 
three degrees to the north, and composed wholly of Cretaceous deposits, 
those on the north side being younger than those on the south. Wher­
ever we cross this mesa between the Nutria monocline on the west and 
the meridian of Bluewater on the east, the stratigraphy, dip, and topog­
raphy will be substantially the same. The differences will be found 
only in minor features and details. Beyond the northern terminal es­
carpment the dip almost vanishes and the continued section will show 
nearly horizontal strata for many miles. 

FIG. 11.-Pyramid Butte, near Fort Win~:ate, with promontories of the Wingate sandstone in front-. 
The butte is composed of the Zufii sandstones. Photoi(Taphed on wood. 

Let us now turn to the southern escarpment, which drops the profile 
into the valle~' through which the railroad runs. In the Yalley bottom 
the strata are much concealed by alluvia, but there are numerous out· 
crops. Wherever they occur they are Lower Trias. They are seen 
to have a strong.er northward dip than the beds in the mesa above. In 
truth, as we approach the immediate slope of the Zulli Plateau, the in-
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clination of the b~ds slowly increases, until upon its ascending flank it. 
reaches 10 degrees and sometimes 12 degrees. This large mesa, then, 
is a part of the general uplifted platform which constitutes the Zuni 
Plateau and. forms the outermost belt of the northeastern portion of its 
periphery. 

Let us now follow this mesa to the eastward. Opposite Chaves Sta­
tion the front cliff (facing the railroad) begins to decline in altitude un­
til northeast of Bluewater it has sunken to the level of the plain and 
is for a time obliterated. Back of its line, however,. with an interval of 
6 or 7 miles, there rises the second cliff, c01ilposed of Cretaceous· strata · 
younger in age than that which has hitherto formed the capping of the 
first palisade. This second wall is less imposing than the first, but it 
has here a somewhat greater altitude than its continuation to the west­
ward in the heart of the great. mesa. At length, about four miles north 
of the town o~ San Mateo, it suddenly drops down, for a monocline here 
makes its appearance dipping sharply to the eastward. The course of 
this monocline is about N. 15° E., and the strata which have hitherto 
been conspicuous in the second palisade here roll down into the earth· 
and disappear eastward beneath the border of the great volcanic mesa 
on which stands Mount Taylor. I have called this displacement in my 
note-books the San Mateo monocline. It is of no great magnitude, but 
is of some importance in the total structure '?f the district. Its north­
ward continuation was observed for about ten miles from San Mateo, 
but was tracetl no farther, and its final resolution in this direction is 
unknown. Southward it ~ontinnes across the plain and is lost in the 
broad promontory of the great volcanic mesa southwest of San Mateo. 

Meantime, what has become of the Jura-Trias¥ .A glance ~t the geo­
logical map will show the course of the outcrop of this formation. North­
east of Bluewater it_ descends to the level of the plain, and its junction 
with the base of the Cretaceous is mostly concealed for about nine miles 
by valley alluvium. Just uorth.and northeast of Grant Station the map 
shows two detached lava-capped masses Separated from the great VOl· 
canic mesa on which Mount Taylor stands. These two masses are f.iep­
arated from each other by a high, narrow col or saddle~ The two are 
really one long tongue of sedimentary rocks and the col is formed by 
the eroding through of the lava-cap only. Directly in this col the junc­
tion of the Cretaceous and Jura-Trias appears, but it is exposed in a 
well developed monocline dipping eastward. The angle of dip is about 
160 to 18o. The result is that the western fragment of the mesa-tongue 
consists of Jura-Trias strata, while the eastern consists of Cretaceous. 
The monocline, before the erupt,ions of lava, was beveled oft' smoothly by 
erosion, so as to form a nearly horizontal surface across the basset edges 
of the upturned strata. The monocline, then, is considerably older than 
the eruptions. Between the epoch at which the strata were bent and 
the epoch at which the lava was outpoured, a considerable amount of 
erosion was, accomplished. North of the mesa-tongue the monocline 
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quickly smooths out to a gentle dip, but south ward it still prevails. Its 
course is a little east of south, and it just touches the sllarp southwestern 
angle of the Mount Taylor mesa, where the edges of the Cretaceous beds 
beneath the la\a cap are flexed up by it. Here the railroau enters the 

FIG. 12.-'l'he Navajo Church, near Fort Wingate. 'fbe ro!\ks are the upper members or .the Jur..t· 
Trias, and strongly cross-bedded. 

breach in the great mesas. Crossing tlle valley the monocline is seen 
entering the southern mesas near tlleir western fronts, and the result 
is the strata in their western fronts are seen to have an easterly dip. 
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Extending southward from Grant Station, beyond the limit of the 
map, is a valles covered by sheets of very recent basalt. What liPs be· 
neath it can be easily inferred, tbougll wholly hidden from the eye. 
Near the railroad a considerable part, and a few miles south of the 
railroad nearly the whole, of the Jura-Trias system is there. It lws a 
dip to eastward, but always a variable one. This dip is greater uear 
the main flank of the Zuni Plateau and diminishes somewhat to the 
eastwartl, varying between 9° and 14°. On the easteru side of the val­
ley, the base of the Cretaceous and 50 to 250 feet of the underlying 
system are exposed above the lava. Crossing the flows to the westward 
and reaching the base of the plateau, we fintl ourselves upon the sum­
mit of tl1e Carboniferous, with here and there a trifling remnant of the 
greatl,y erodPd Permian. In crossing the valley we Lave obviously 
crosse1l the basset edges of tlle whole or much tlle greater part of the 
Jura-Trias and Perniian series, although they are completely masked 
by the streams of basalt. 

I have thus described in some detail the contig·nrations and relations 
of the strata. immediately surrounding the base of the Zuni Plateau. 
These are, so to speak, the approaches to it. It will appear from the 
description that the uplifting action afi'ected a wide tract on the north­
ern and eastern sides, and that its effects die out in a very gradual 
manner as we recede from the heart of the plateau in these directions. 
Upon the western and southern sides we find the uplifting force ending 
quite snddenl;v along the northern part of the Nutria monocline, while 
upon its southern parts it fades out about as gradually as upon the 
JJOrtheastern side. This is quite iu accordance with what we find in 
similar uplifteu plateaus or swells of the Plateau province. One side 
is generally more abrupt than the other. 

It will be at once suggl:'sted that the strata in the mesa cliffs which . 
face the plateau everywhere around its base once extended farther in 
towards it. There is no reason to doubt their former continuity over 
the entire area which the plateau occupies, nor that they have been re­
moved by erosion. Wllenever the elevating force which lifted the pla­
teau l1as operated upon tracts now covered by Cretaceous strata, these 

. beds have been turned upwards by it. At Nutria the Cretaceous is up­
turneu at an angle of 73°, and in portions of the mesas south of Grant 
Station it is inclined at an angle of 12°; anu to a less extent tile same is 
true throughout the entire periphery of the plateau. Nor is there auy­
tbing in the aspect and texttue of the beds to indicate that the conditions 
of deposition in Mesozoic time, considered with re!'lpect to horizontal ex­
tensions, were interrupted locally in this vicinit.y; on the contrary, uni­
formity of conuitions is disclosed, so far as concerns each particular . 
stratum, wl1etwnr we trace it from place to place. Every observed 
fact is in harmony with the belief that the whole Mesozoic s~·stem on(!e 
extendeu in full force across t.he platform from which it bas since been 
denuded. 
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J!'w. 13.-Eco<led towers, capped with large blocks of sandstone, which had fallen from the Dakota 
aan<lstone, nearly a thousand feet above. The protection which these afforded to the softAr 
calcareous sandstone on which they lay caused the gradual formation of columns by 
the slow di ssolution of the surrounding rock. l'hotographed on wood. 

Having examined briefly the details of the parts which surround the 
base of the plateau, let ns now examine the flanks and interior spaces. 
The readiest means of approach will be found in the vicinity of Grant 
Station. A good road leads across the lava beds, or malpais, as it is 
locally termed, and a couple of miles beyond we find ourselves at the 
foot of the main slope. Here we are upon the summit beds of the Car. 
bonife.rons formation. It is seen at once that the surface of this for­
mation is the surface of the sloping flank of the plateau, which rises 
with an easy acclivity, varying somewhat, but averaging only so or 9°. 
From Grant Station may be discerned a canon deeply incised into the 



DUTTON.] THE ZUNI PLATEAU. 155 

sloping flank and descending towards us with a very tortuous course. 
At the mouth of the caiion tbe Carboniferous strata at once rise out 
of the plain, forming first a low ledge on either side, which 'increases 
steadily to a great waH as we ascend. The first beds encountered are 
hard sandstones of exceedingly obdurate character. Much of the silica 
is in the cherty condition, and its effect upon the weathering of the rock 
is noteworthy. Indeed this adamantine sandstone is such an import­
ant feature and its obdurate character has piayed so important .a part 
in the development and shaping of the. plateau that it is worthy of some 
remark. 

If we examine attentively the surface of this rock we shall observe· 
that its behavior under the degrading action of the elements, thongh 
not novel, is still uncommon in sandF>tones. When sandstones decay 
the ordinary moue is as follows: The ·cement which holds the grains of 
sand together is dissolveu out, leaving the grains to fall asunder and to 
be easily washed away by the rains. But in the rnesent instance the 
quartz itself forms the cement and the weathering of the rock proceeds 
by solution alone. The grains are not released by the removal of their 
cement, because the cement is as hard and durable as tbe grains. Of 
all erosive operations none can be slower than mere solution upon a 
homogeneous qnartzitic rock. Tllis upper member of the Carboniferous 
series forms a very large proportion of the surface in tlle flanks of the 
plateau, and we can now perceive the reason. The sandstones and 
shales of the overlying formations are far more perishable. Wben they 
have been eroded through to this adamantine member, the process is 
ther echecked except in places where the attack is not by weatllering, but 
by the cormsion of running streams. Large areas have been completely 
denuded of all superior formations, leaving this one comparatively un­
harmeu to form the general surface. To the action of corrasion, how­
ever, its resistance, though stubborn, is. not widely diff'erent from other 
sand rocks of more soluble composition. Against the scour of run­
ning streams no rock is prcof. Hence we find many shallow trenches 
cut in this bard sandstone by the streams, and a few deep ones. These 
streams are sufficiently numerous to roughen the surface considerably 
in a small way and occasionally have :,;;lashed it deeply by canons. 
Where the cut is deep enough to have penetrated considerably into the 
softer rocks below, these readily weather, and the walls of the cut, 
wasting away, undermine the bard members above, wbich fall down 
in fragments. Corrasion and undermining are the processes by which 
this obdurate formation is finally subdued. As we proceed through 
this calion the whole of the Upper Carboniferous series gradually 
comes up to daylight. To fix clearly in the mind the relations 
of things, it must be noted that as we ascend the canon the strata 
also ascend at a much more rapid rate. In its upward course, there­
fore, the canon steadily deepens and at length becomes quite pleas­
ing. It is attractive on account. of its ample width and the typic-
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ally canon-like profiles of its walls. Narrow caiions are usually devoid 
of all beauty or grandeur or of any kind of impressiveness whatever. 
This one 'attains finally a depth of nearly 800 feet aml a width of a 
third of a mile. Its deptl1 increases until the upper end is reached, 
when suddenly it emerges into open country. The walls swing at right 
angles, to right an(lleft, and we find ourselves in the heart of the pla 
tean. The country now before ns is by no meaus smooth. Just at the 
upper opening of the cai1on, strangely enough, is a stream of lmsalt, 
rough, clinkery, black and forbidding, and though it may not be quite 
so young as some others, is still very modern. Its source is not visible 
here, but we shall find it farther on. To the right and left stretches 
away the wall of Carboniferous strata facing the iuterior space of the 
plateau. Its altitude appears to be about !J50 to 1,000 ftet. Its course 
is from NNW. to SSE. In front of us the country is much obscured 
by the forest of great pine trees (P. _ponderosa), but so fa.r as can be seen 
it is a medley of low rolling hills, like the rolling prairie of Iowa. To 
the northwestward, three or four miles distant, rise several very large 
hills, one of which might be regarded as a small mountain. All of 
them arc rugged and irregular in aspect and quite different in form 
and lineament from the topographic features we have hitherto been in 
the habit of contemplating. 'l'lle country before us and the ltigh hills 
011 oui· right are composed of metamorphic and granitoid rocks, which 
are presumably of Archean age. It is much the largest of three dis­
tinct tracts of crystalline rocks on the plateau summit. Its leng tb is 
not accurately known, since its southwestern limit lies far beyond the 
limit of the map and was not visited. But there is a length of about 30 
miles in this particular tract that I know of from actual inspection. 
The width at the ht>ad of Zulli Canon and west of it ranges from seven 
to nine miles. 

Passing around the lava beds and penetrating into the granitic area, 
we find the country heavily forested, covered with abundant soil, and 
green with luxuriant grass and herbage. The rocks, with one excep­
tion, disclose 11othing which may not be see11 in any tract of common 
gneisses and mica-schists, and any particular uescription of them would 
enculllbet· the Imrrath·e to no purpose. The exception referred to is 
perhaps of some interest. We can11ot travel a half mile upon tlwse 
ancient schists without coming across patches of a peculiar-looking 
red rock which attracts attention at once. The first fragment hastily 
snatched up and examined was uuhesitatingly pronounced quartz-por­
phyry. A few moments later doubts arose which grew into uncertainty 
as more and more of it was seen. Not until many specimens bad been 
gathereu in the course of several days and given such examination as 
is possible iu camp, and their trnc positions observed on the following 
day, did the real nature of the rock become manifest. It proved to be 
a remnant of the basal member of the local Carboniferous sandstone 
metamorphosed in contact with the granite. There are all shades and 
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degrees of metamorphism, from a sandstone sliglltly affected to a rock 
which cannot be rationally distinguished from a quartz porphyry. It 
is in no sense an eruptive rock, tbougb it. is easy to find specimens 

FlG. \4 .. -Section of the olope and \nl.s• of t.hp Znni Plateau near Grant Station. 'l'h ll section is drawn 
in parts, to accommodate f.he page ; the ri!!ht enrl of each of the two upper parts beinl! con. 
tinuous with the left end of the part below: I, Archean; 2, Upper Carboniferous; 3, P er· 
mian; 4, Lower Trias; 5, Wingate sandstone, the equivalent of the Vermilion Cliff sanrl. 
stone; 6, Zulli sandstone ; 7, Cretaceous. 

which would, away from their locality, pass reauily for elvanites. I 
llave submitteu a sample of the more completely altered variety of this 
rock to Mr. Diller, who has examined it and says: 

The principal constituents of this rock are quart:~: and feldspar. A chief portion of 
the latter is microcline, although orthoclase with perthitic lamination and altered 
plagioclase are present. Quartz is the ruost abundant ingredient, occurring in the 
ground·maMs as well as in porphyritic grains, which occasionally show the embay­
ments common in rocks of this class. Scales of mica, magnetite, and epidote, resulting 
from alteration, are scattered throughout the rock. Although the mineralogical 
composition and structure are such as to indicate that it belongs to the quartz por­
phyries, glass inclusions and other phenomena which would prove its eruptive origin 
have not .been discovered. 

It is necessary to recall here that in this part of New Mexico no Pale­
ozoic rocks older than Middle Carboniferous are known. Throughout 
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the heart of the Zulli Plateau, the Lower Aubrey 1 rests directly upon 
the Archean. This has been duly recited in Chapter II, which treats 
of the stratigraphy Of the region. The fact is general throughout the 
summit portion of the plateau. The contacts are seen in numerous places 
and directly inferred with confidence in many others. The Silurian 
and Devonian systems are generally wanting in the eai!tern portions 
and border of the Plateau country, and whenever they occur they cut 
but a small figure. Their absence is therefore rather to be expected. 
But the vast Cambrian system, which presents such an imposing mass 
of strata in the western part of the Plateau Province, is equally absent 
here and to the northward. 

At the northernmost part of the granitic area rises Mount Sedgwick. 
It is not a mountain of large proportions, though sufficient to be a con­
spicuous feature of the plateau. Around it are numerous ridges of 
Archean hills, which produce a rugged topography. On the summits 
of all these masses occur remnants of the metamorphic Aubrey sand­
stone, and they are found near the highest peak of Mount Sedgwick. 
In this there is a significance which will be adverted to presently. That 
it may be appreciated, it is necessary to look first at the margin of tlJC 
Archean tract and study its relations to the Carboniferous cliffs which 
surround it. 

F IG. 15.- Section showin g the contact of the Carboniferous with the Archean, the edges of th e former 
being bent upward by a rising boss of granite. 

From the summit. of Mount Sedgwick we gain a comprehensive view 
of the Archean tract. It is seen to be inclosed by high clifl's of Carbon­
iferous strata on all sides except towards the southeast, in which direc­
tion it stretches away i'nto the distance, where its limitations cannot 
be discerned. These cliffs are in great part abrupt, in part broken 
down more or less into slopes, and in a few places cut by canon valleJS 
which let out the drainage. Zuni Canon is one of these drainage chan­
nels. At the northern base of Sedgwick is another, forming what is 
called the Bluewater Canon, a deeper and finer gorge than the Zuni. 
The draiuage of the south side of the tract is towards the southeast 

1 The ''Aubrey group" is the local na me in the southeru Plateau country for the Up­
per Carboniferous. It is divided into an Upper Aubrey and a Lower Aubrey. The 
Upper Aubrey consists of the hard, adamantine sandstones already spoken of, alt-ernat­
ing with limestones. 'l'he colors are light yellow and gray. The Lower Aubrey is 
sandstone throughout in many layers, and always bright red. 
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along the margin (see map, Plate XIV), where the Carboniferous over· 
laps the granite. It flows past Agua Fria and beyond the limits of the 
map for about nine or ten miles, and then turns northward across the 
granite to enter the lava-flooded valley which carries it northward to 
San Jose. 

The entire tract is seen at once to have been eroded uy the remoYal 
of the whole local Carboniferous system, leaving the granite almost 
bare. Now, at the junction with the metamorpbics, it is not uncom­
mon. to find the edge of the Carboniferous bulged upward. Let us try 
to conceive what the effect would be if the great cli1fs 800 to 1,000 feet 
high everywhere surrounding the tract were quite hara, rigid, ami un­
_yieldiug, while the Archean beneath were soft and plastic. It is eviUeut 
til::!ot the latter would ·slowly flow upward, as if squeezed out. Now this 
is what s·e61:'-s.to have happPned in a number of places, but by no means 

\I everywhere. :Mount Sedgwick and the bills which ramble oft' fr!)m its 
southern slopes I think are of this character. Where the Carboniferous 
strata abut against it their edges are in many places considerably man· 
glell, torn, and bent by t.he ascent of the granitic mass. The peak of 
the mountain is about 600 feet higher than the summit sandstone of the­
Carboniferous, and yet it carries metamorphosed fragments of beds 
which belong to the base of the Carboniferous. The entire arrange· 
ment and relative positions of the constituent masses roundabout give 
force and weight to the inference that the Mount Sedgwick mass is a 
small granitic boss pushed up in a plastic condition. Whether this was 
done before or after the erosion of the Carboniferous beds from the area 
which it occupies is a doubtful question; but the probabilities are that 
the two processes-the upswelling and the erosion-were in great part· 
at least contemporaneous, and perhaps wholly so. 

To further illustrate these local upward protrusions, let us endeavor 
to conceive the Archean platform to h_avA been in most of it.s. extent 
nearly as rigid as the Carboniferous rocks above, but that in several 
spots the softening and upswelling has been much greater than else· 
where. These conceptions accord well with what we see elsewhere. In 
other localities, however, where the Archean forms the core of a moun~­
ain range or swell, the whole mass (very nearly) appears to have been 
squeezed upward in a plastic copdition. There is every indication in 
the Zufii Plateau that the Carboniferous sediments, when their deposi­
tion began, found a smooth, level surface of eroded Archean rocks on. 
which to rest. At present the portion exposed in the plateau is much 
deformed by unequal elevation. Mount Sedgwick and its vicinity exhibit 
the most extreme case of this inequality. But there are others. About 
ten miles southeastward, near Agua Fria, there are abundant indications 
of unusual upswelling in the plastic granite, and at several points con­
siderable fragments of the lower Aubrey sandstones have been involved 
in. the rising boss and have been roughly handled. 
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Anotbm· related pltenomenon may be mentioned which is of still 
more frequent occurrence. It is not uncommon to find the edges of the 
basal meru bers of the J_,ower Aubre~· turned upward at the contact of the 
granite at a very sharp angle and sometimes much shattered. An in· 
stance of this is seen about half a mile from the bead of Zuni Canon 
and in the direct line of its prolongation. If we follow south ward the 
base of the great Carboniferous cliff which marks the boundary of the 
Archean tract we shall find the same phenomenon occurring again and 
again. Along this line there is eveQ·wbere manifest a tendenc~· of the 
granite not only to carry up the whole body of superincumbent strata 
with it as it rose, but to erupt through it as a tough, Yiscous, or plastic 

-mass. In some localities it seems to have flowed up so as to mold it· 
self against the escarped edges of the sandstones· to a height of 20C ·t.:r _....-----
300 feet. This is most conspicuous in the \:icjnity of Sedgwic K. and its 
a ttendant hills. It might be suggested that this description is tanta· 
mount to a simple fault. It may be so, but in that case we have a form 
of fault extremely uncommon in tbe Plateau couutry . For the fault, if 
it be so viewed, is usually very short, of considerable displacement, and 
the upthrown or upraised mass is comvletely encircled by a dislocation 
which is a fault on one side and its nature uuknown on the other sides. 
In short, I would prefer to invert the proposition, and say that the dis 
placement is palpably a boss of Archean rock protruded upwards with 
every appearance of plastic Jielding on three parts of its periphery, 
leaving tbe nature of the dislocation on the fourth side to be explained 
as best we may. 

FIG. 16 -Contact of Upper Carboniferous witl1 Archean. 

In pursuit of a similar group of facts, let us proceed to the north­
western end of the plateau summit. The colored map shows a rnucb 
smaller insulated tract of Archean rocks there, and it is full of interest. 
If we statt from Fort Wingate and ascend the plateau !Jy the road 
which leads through Nutria to the town of Zuni, we shall find, about ten 
or twelve miles from the fort, an old ruined saw-mill. Just to the east 
of this mill rises a considerable ridge trendii:1g NNW. The ridge is 
cut through transversely by a gap, which gives au admirable natural 
section (Fig. 16). It is composed of Carboniferous strata turned up at a 
high angle and dipping fully 300 to the west. In this gap we may, 
within a space of 1,200 yards, cross the basset edges of nearly the whole 
()arboniferous series. But the aspect of these rocks is strikingly differ. 
ent, not merely in their attitude but in their whole facies, from what 
we have been in the habit of seeing where this formation is disclosed. 
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The brilliant red color of the Lower Aubrey is gone, and in place of it 
the beds show only a dark lack-luster brown. It is only by close scru­
tiny that we are really able to identify them. They have been meta· 
morphosed-not to an extreme degree, but sufficiently to change their 
texture profoundly. The resulting metamorph in the sandstones is a 
porphyritic rock, similar to that encountered in the vicinity of Mount 
Sedgwick. In no other part of the plateau bas the metamorphism 
affected so great a thickness of the Aubrey series, so far as I have 
observed. And yet a hundred yards beyond the western base of this 
monoclinal ridge the fossiliferous limestones of the Upper Aubrey lie 
quite horizontal and present their normal appearance. East of the 
ridge the granite at once appears and rises by a strong slope into a 
rugged, hill·crowned dome, higher than the crest of the upturned 
Oarlwniferous ridge. Here is another boss where the upswelling is 
conspicuous. 

Following southward the contact of the granite with the Carbonifer- · 
ous the traces of metamorphism in the latter gradually disappear, the 
strata become redder and soon regain their normal appearance. They 
form a low wall facing the granite, which gradually increases in altitude, 
and at in.tervals we find it sbattered and mangled. The edges turn up 
or are wrinkled or mashed, show·ing in many ways the action of some 
irresistible shearing stress. After a few miles, however, this ceases; 
tbe basal beds of tbe Lower Aubrey begin to reach out over tlw granite, 
aml at length a thin layer of the lowest members stretches clear across 
the granite, becoming continuous with the same beds in the cliff upon 
the other side of the Archean tract. And we may now note another 
general fact: The metamorphism of the Lower Aubrey sandstones 
occurs, so far as I could observe, only at their contacts with those 
portions of the granite which have been bossed up. Wherever tl1e 
>ertical movement has been nothing more than tbe generaf elevation of 
the entire platform, no traces of metamorphism appeared, and the rela­
tions of the sandstones .to the underlying granite were presumably the 
same as when they were first deposited and consolidated. I have been 
thus particular to describe these details, at the risk of becoming tedious 
ami prolix, because I intend to utilize them hereafter. 

It remains to describe those features of the plateau summit which 
are due to erosion, and tbese are of some interest. On the whole the 
summit is in many parts very rugged and diversified, with strongly 
marked features. The denudation of the Carboniferous· has been ex­
ceedingly unequal in different places~ and the portions of that series re· 
maining are cut up into straggling masses, some of which preserve the 
Carboniferous system entire, and others preserve only the lower mem­
bers. If we start from Agua Fria and move northwestward along the 
edge of the granite we slla.U observe on our left an escarpment of the 
edges of the Carboniferous strata. They dip strongly to the southwest 
and expose towards us only their outcrops. On the other side of their 
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crest-line is the broad, sloping flank of the plateau descending into the 
plains be,yond. On tile nearer side tile basal members of tile J,ower 
Aubrey reach out towards us a mile or two, until finaUy cut off by ero­
sion at. the granitic border. This escarpment extends without material 
interruption for 50 miles to the northwestward, forming. one side of a 
broacl valley which is nearly coextensive wit.h tile length of the entire 
summit and parallel to its axis. The other side of the valley is vari· 
ously formed in different parts of its length. It is formed by the 
slopes of the granitic area, which, at first slowly and afterward more 
rapidly, ascend towards the boss of Mount Sedgwick. After passing 
the western angle of the largest granitic area we find on the right 
a counter-escarpment of the Carboniferous cliffs which presents the 
whole Aubrey series, thus mating the escarpment on the left. If we 
ascend the northeastern wall we· shall find the surface above com· 
·posed of the adamantine sandstone before referred to. The platform 
· is deeply scored with true canons, and so much cut up by them that 
travel is somewhat difficult. In the longitudinal broad valley between 
the two main lines of escarpment erosion has penetrated again quite· 
through the Oarb.:miferous series and exposed a second small area of 
the granite. 

Still further northwestward we find the country much cut up and iu 
an irregular manner by the inequalities of erosion, so much so that all 
attempts to descriue it in detail seem futile. 

In the study of geological subjects in th.e Plateau country the relations 
of the drainage channels to the topography and structure have always 
been regarded as important and instructive. We find the fact every­
w!Jere exemplified that the principal drainage channels are~of great 
antiquity, anc1 whatever may have been the changes which a locality or 
region may have undergone, the larger water-courses have preserved 
their positions. They are the least changeful of all the topographic 
features. By reason of their stubborn persistence they become instruct­
iYe; for they indicate former relations to the slopes of the country 
which have been profoundly changed since the time when they began 
to carry away the drainage, and of which no other traces now remain. 
It was to be expected that some information of this kind might be de­
rh:ed from the study of the waterways of the Zuni Plateau. ln this I 
l1ave been in a great measure disappointed. The reason, however, soon 
became obvious. The plateau is situated upon the line of .the Conti·. 
nental divide. lt never bad any large streams, for it lies where, from 
the nature of the case, all streams must make their smallest beginnings; 
and the divide has probably undergone very few and slight cha11ges 
since its first establishment, far back in Tertiary time. 

Still there are points of minor interest in this connection which may 
be ad,·erted to. If we note the position of the axis of the plateau on 
the portion which lies east of the continental divide we shall find that 
the waterways run obliquely across it. The streams head on the verge 
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of the southwestern flank and flow eastward across the summit of the 
plateau, fiuding their way to the Blu~water aud ~an Jose. The portion 
of the plateau snmmit which they cross is· both structurally and topo­
graphically higher than the springs in which tlley rise. They find their 
way by means of eroded valleys. At the extreme western end of the 
largest granitic area a small stream takes its rise and flows a little north 
of east along th·e margin of the granite and enters the head of Bluewater 
Calion. A few miles further to the southeast a second stream flows to­
wards Z.ufii Canon, but it sinks long before reaching it. That it once 
sent its waters into that canon becomes apparent when we examine it. 
Still further southeastward, at Agua Fria, is a third stream 'vhich flow­
ing for seven or eight miles along the edge of the granite at length 
crosses it and enters the lava-covered valley south of Grant Station. 
All of these streams are very small;· but there is reason to believe that 
a moister climate once prevailed in the Plateau country and that they · 
were then larger and capable of continued corrasion of their channels. 
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CHAPTER IV. 

MOUNT TAYLOR AND VICINITY. 

Northeast of the Zuni Plateau, and separated from it only by the val­
ley of the San Jose, rises Mount 'l'aylor. It is a large conical pile, 
planted upon a lofty mesa. It has no neighbors of its own kith and kin, 
though from its summit we can discern, many miles to the southward, 
several isolated mountains of inferior l1eight and mat5s, which we know at 
once by their aspect to be vol<:auic. The platform on which it stands is 
composed wholly of Cretaceous strata and lava sheets. The latter form 
a capping or volcanic plateau and the thickness of this lava cap is seldom 
ess than 000 feet. Upon the surface it everywhere hides the sediment­
ary beds, but round the borders of the mesa and in tlw alcoves which 
are eroded into its margin the Cretaceous strata expose their edges and 
usually constitute from three- fifths to four-fifths the altitude of the 
bounding walls. Tlie length of the Mount 'l'aylor mesa is about 47 miles 
and its extreme breadth 2:~ miles. The hroad plains surrounding this 
large mesa have a mean altitude of about 6,300 feet above the sea. 
They are somewhat higher upon the western side than upon the others, 
being there about 6,500 feet, while upon the east they are about 6,100 
feet. The mean altitude of tl1e .summit.of the mesa, exclusive of the 
cone of Mount 'l'aylor, is about 8,200 feet, while the mountain peak itself 
attains 11 ,3!)0 feet. 

It will be seen that the volcanic cone occupies but a small portion of 
the area of the high platform on which it stands .. It is merely the focus 
and culminating point of a rather large field of volcanic action. 'l'he mass 
of the cone itself is lmt a small-fraction of the mass of lavas which form 
the capping of the mesa on which it stands. It is clear at once that 
these lavas in the volcanic cap did not all come from the main orifice, 
but that the greater part of them were disgorged from numberless vents 
scattered over its entire surface. Scores of these scattered vents are 
still discernible in every part of the plateau and always in a dilapidated 
condition. Here we have both the concentrated and the difl'nse types • 
of volcanic action in the same tract. From the summit of Mount 'l'aylor, 
where we may overlook the entire mesa, we can discern many small 
mounds, which, upon closer inspection, prove to be snutll cinder-cones, 
and as we ramble over the surface of the mesa away from the mouutaiu 
we find in tl1e mazes of the forest the remnants of many more which 
coultlnot be distinguished from the peak. There is not a recent one 
among them. AU have been greatly wasted by long weathering, and 
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the greater part of them are re<luced to mere stumps or chaotic mounds. 
Most of the lapilli, which form the normal type of an an<lesitic cinder­
cone, have been decomposed into soil and washe<l away, though usually 
some small remnants, an<l less frequently large remnants, still remain 
to attest tbeir former characteristics. 

FIG. 17.-Neck near Juantafuyot. Photographed on wood. 

Of Mount Taylor itself tbere is little to be said, abel tbe description 
may be very brief. Its structure and composition have nothing of nov­
elty. It is a Java cone almost entirely, showing but few and insignifi­
cant traces o(fragmental material, ejected from its central vent. Quite 
possibly or even probably such materials may once have formed a con­
siderable portion of its upper cone, but if so they have long since been 
eroded away. Here and there, however, small masses of agglomerate 
may be seen included between lava sheets, and they are conspicuous 
rather for their rarity and comparatively small volume than for any 
other reason. Tbere is but one pipe to the volcano and no traces of ad­
nate orifices or cones are to be seen. This central pipe terminated in 
a large crater at the summit, the wal1 of which was broken down to the 
eastward in the later stages of the mountain's history. At the present 
time this old crater is much eroded, and it is now impossible to recon­
struct in the imagination its original condition. Its general form, how­
ever, is apparent enough. It is very similar to the broken-down craters 
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which arc seen in mauy volcanic cones, such as Shasta and the San Fran­
cisco Mountain, in America, and the great A trio of Vesuvius, or like the 
old craters of the .Azores and the Canary Islands. Its ampbitheatral form 
is still preserved in the main, but it bas been much modified by the ra­
vines which have been deeply incised by erosion. It is heavily timbered, 
and the rocks are mostly concealct.l by talus and soil as well as by vege­
tation. Nothing is revealed except what we are accustomed to see in 
all extinct craters which have been greatly battered by the elements. 
Many dikes are disclosed, many chaotic masses of lava, and some masses 
of breccia or agglomerate enveloped in the irregular tangled sheets of 
lava. The rock is mainly andesite, graduating in many places into 
basalt. No acidic rocks were discovered on the upper part of the 
mountain. · 

If the cone of Mount Taylor were all that this locality has to present 
for study it would hardly have repaid the trouble of a visit. But the 
volcanic district of which it is the culminating point presents matter of · 
great interest and instruction when viewed as a whole, for it discloses 
clearly the origin of the great lava caps which form such a conspicuous 
feature in many parts of the West, and offers a wide range of informa­
tion concerning the modes of accumulation of lavas in the basic group, 

The great mesa on which Mount Taylor stands is one of a series, and 
it forms only a small part of a great volcanic field. To the southward 
lie the lofty mesas already spoken of as. forming the continuation of the 
eastern belt of them, and these, too, are thickly sheeted o\·er with ande­
site and basalt. Eastward of Mount Taylor and distant about 12 miles, 
is the Prieta mesa, wilich is also roofed over in the same wa;y. Bnt the 
most significant fact is the occurrence of plain evidences that tile wide 
intervals which separate Mount Taylor from the Prieta on the one 
hand and the southern mesas on the other were once covered with a vast 
mass of Cretaceous strata, now eroded, and that these strata in turn were 
overflowed witil la,;as. Whether the volcanic sheets were of unbroken 
continuity across these intervals, or wbetiler the denuded areas were 
only partially onrtlowed is uow uncertain, but tbe fact is patent that a 
large expanse of volcanic roeks once covered areas from which they have 

· been denuded, leaving, however, certain remarkable monuments of their 
former preRence. These will now be described. · 

If we stand upon the easte.rn brink of tile Mount TaJlor mesa we 
shall overlook the broad valley of t.he Puerco (East). The spectacle is 
a fine one and in some respects extraordinary. The edge of the mesa 
suddenly descends by a succession of ledges and slopes nearly 2,000 
feet into the rugged and highly diversified valley-plain below. The 
country beneath is a medley of low cliff's or bluff's, showing the light 
browns and pale yellows of the lower and middle Cretaceous sandstones 
and shales. Out of this confused patchwork of bright colors rise several 
obje_cts of remarkable aspect. They are apparently inaccessible eyries 
of black rock, and at a rough guess, by comparison with the known 
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altitudes of surrounding objects, their heights above the mean level of 
the adjoining plain may range from 800 to 1,500 feet. Tile blackness of 
their shade may be exaggerated by contrast with the brilliant colors 
of the rocks and soil out of which they rise~ but their forms are even 
more striking. It. is rare to find such shapes in the Plateau country, 
much more so elsewhere. It is obvious at once that these rocks are of 
volcanic origin; and the experienced geologist who has traveled much 
in these regions will recognize their significance at a glance, though 
their full meaning might not be at first apprehenued by the layman. 
They are by no means unique, for Dr. Newberry has described some 
fine examples of the same type occurring in the valley of San Juan, far 
to the northwestward. 

These black rocks are technically called ''necks." Imagine the Cre­
taceous strata which have been denuded from this valley of the Puerco 
to be restored. We must replace in imagination fully 1,200 feet, and 
possibly much more, of the sandstones and shales in order to restore the 
sedimentary beds to the condition they were in when these necks were 
molten lava. Upwards through these strata the lavas found their way 
to the surface, where they outfiowed; and no doubt cinder cones like 

FIG. 18.-Neck five mil~s nmthcast of Juantafoya. Photographed ou wood. 

those which may still be seen by scores on the Mount Taylor mesa 
were formed over the orifices. When the eruptions ceased the lava 
remained solidified in the chimneys or passage-ways through wbich 
the streams had welled upwards. Then came a long period of erosion, 
in the course of which many hundreds of feet of Cretaceous strata and 
all the lava sheets and cinder cones which may have rested upon tllem 
were swept away from areas which aggregate thousands of square miles. 
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In the progress of this erosion the 1avas which congeal{ld in the pipes 
offered a much more obdurate resistance to the denuding agencies, and 
remain protruding upwards, while the beds which once inclosed them 
have vanished. The interpretation here given is such as would be ac­
cepted at once by any geologist, but the general reader might like some 
further proof of it. He can have an abundance. 

"'\Vhen this scene (Plate XX) is first disclosed, as we come suddenly 
upon the brink of the mesa which overlooks it, the atte.ntion is chiefly 
engaged by about a dozen of these o~jects, which are especially strik­
iug on account of their great size, their singular fol'!ps, and their omi­
nous black color. Soon, however, it is seen that there are many otbers 
which are smaller and less bold in outline and shade. There are still 
others which from this distance cannot be positi,·ely recognized as of iden­
tical character and origin, but may he suspected of being so; and 
the suspicion becomes in most cases a certainty when the localities 
are visited. Indeed, there arc, score::; of these necks, and perhaps witl1in 
an area of a thousaud square miles, here well in view, there maybe sev­
eral hundreds of them. \Ve. begin to get positive proof of their origin 
when we make an examination of the steep slopes of .the great mesa. 
'I' hose which we first saw were miles away from it, and far out in the broad 
valley of the Puerco. But we soon perceive that they are even more 
numerous in close proximity to the mesa wall, and ·are frequently seen in 
the wall itself. The remoter ones have been completely exlmmed and 
disengaged from the strata which once inclosed them, but those nearer 
the mesa still have large remnants of the inclosing strata around their 
bases and mounting high up. Nearer still, the amount and height of 
the inclosing beds increase, so that only the upper peaks of the uecks 
protrude above them. In the wall of the mesa itself we find a number 
of cases in which a good section of the old volcano is given, disclosing 
not only the neck itself but the strata which included it, the lavas 
which flowed away from its orifice, and the cinder cone which was built 
on top of it.. Fig. 24 is an instance of the latter kind. Thus nature 
has wonderfully dissected out for us the structure of these volcanoes 
and bas dug away the earth from their roots. There is every grada­
tion in the amount of exhumation and in the amount of destruction. 
Some are neatly cut in· two, so as to expose their complete vertical sec­
tions, and these arc revealed in the great wall of the mesa; others a1e 
just detached from the wall, and their cinder-cones are nearly gone; some 
are much shattered in their upper portions, and others are wasted to mere 
mounds .. The sm.aller qnes have, of course, suffered most, and they are 
(other things equal) the most obscured and most nearly obliterated. 
The farther away from the mesa the greater the amount of destruction, 
and at a distance of four or five miles from it 'only the largest ones are 
well presen·ed. , 

In order to appreCiate what was the state of a:flairs when these vents 
were active, let us look at the mesa itself. Upon its broad summit tbe 
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number of cones still identifiable probably exceeds a hunrlred and may 
exceed even two hundred. To count them was impossible, for it would 
have been necessary to traverse literally every square half mile. All 
of tllem are much ravaged by secular decay, and man-y of them are so 
far wasted that only a visit to their exact situations and a close view 
of the rocks in place can assure us of their reality. E,·en then extremely 
degraded vents may be incapable of identification. Many, however, can 
be pronounced upon with certainty miles away, and these appear to 
have been the larger ones and to have formed originally cones of mixed 
lava and lapilli of considerable magnitude. On the map one part near 
the center of the mesa is designated Sierra Chivoto. It is a cluster of 
large cones built of lava and cinder and much eroded. Two of them are 
between 800 and 1,000 feet in height and four or five others are only a 
little smaller. The distribution upon the mesa of tllose vents which 
are still identifiable is very irregular. In some places they are thickly 
clustered together, in others they are separated by intervals of three 
or four miles . 

. It is plain that the lava sheet which forms the capping of the mesa 
was gradually accumulated by the repeated outpour·ings of numberless 
local vents thus thickly scattered over its broad surface. And yet it 
may seem a little strange at first that this diffuse form of volcanic ac-

F IG. 19.-Neck six miles nottheast of Juantafoya. P!wtographed on wood. 

tion should have produced a surface wl!ich is so little diversified. J udg­
ing by the analogy of other regions, we should have expected to find 
the tllickness of the lava cap extremely irregular and studded with 
large cones with intervening valleys of considerable deptll. In reality 
the thickness as we recede from the base of Mount Taylor diminishes 
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very slowly, and even at the extreme northern end is quite 300 feet. In 
truth, Mount Taylor does not appear to have contributed much, if any, 
to the lava which is more than five or six miles from the immediate 
base of its cone. The surface of the mesa away from the mountain is 
but little diversified, and the local cones are for the most part insignifi· 
cant features. .All this indicates a rather mild type of volcanic energy, 

· in which the eruptions were not highly explosive but only moderate!~· 

so. The more violent eruptions are attended with the ejection 0f great 
quantities of fragmental products, while the milder ones disgorge little 
else than flowing lava. It is well known, that the greater the amount of 
fragmental ejecta, the steeper and more compact is the cone or mountain 
built up around the vent, while the fluent lava spreads out ~ver wide 
areas, often flowing great distances, and the slopes w hieh it generates 
are much gentler and somctimeR imperceptible to the unaided eye. .As 
already remarked, fragmental ejecta are uncommon here, and I have 
seen none at all away from Mount Taylor except the lapilli in the cin· 
der cones. We shall appreciate this mode of growth of a great lava cap 
when we come to study the modern lavas in the San Jose Valley, where 
their freshness enables us to see every detail of the process. 

We may infer, then, that the state of affairs in the region now occu­
pied by the valley of the Pnerco was, during the activity of the vents 

FIG. 20.- Great neck, eight miles south of Salazar. This is the finest one in the district with the ex· 
caption of the Cabazon. Photographed on wood. 

now represented by the necks, much the same as that which is indicated 
in the mesa above. From 1,000 to 1,500 feet (according to locality) of 
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Cretaceous strata, since eroded, then overspread the valley and regions 
to the eastward and southward, also to the northward, from which they 
have been swept away. Over their surfaces the lavas were outponred 
from many vents. The eruptions were of a" mild" type, attended with 
little violence, and the ejecta were doubtless lava with few fragmental 
products. These streams, issuing from many vents, became interwoven 
with one another, and through a long period of time accumulated, sheet 
upon steet, to great thickness, just as they ha,·e done in the valley of 
the San Jose in modern times. The result was a lava cap differing in 
no res11ect from that which is now seen upon the surviving mesas. 

A fortnigllt's ramble over the mesa and another fortnight spent in 
the study of the necks in its vicinity will probably give a much clearer 
idea of how these great lava caps or " basaltic· plateaus" were formed 
tlian can be gained in any other known locality. I am not aware that 
their origin has ever been explained so clearly as nature herself explains 
it here·, though it has been inferred with tolerable accuracy in general 
terms by a few geologists. These inferences, lwwever, have been largely 
theoretical and open to a great deal of debate by reason of assumptions 
which could not be satisfactorily verified by observation. This region 
is practically a demonstration. Many investigators in. the :field have 
attributed tkem to ''massive eruptions," immense floods of lava pour­
ing out of long, wide fissures, overwhelming great expanses of !evcl 
country in a mighty deluge, without the formation of any marked cone 
or mountain. That massive eruptions of this sort have occurred is prob­
able, and the valley of the Snake River, in Idaho, may be mentioned 
as the theater of some.of them. But the sheets which so often cover 
the great mesas of the West are not of this origin. They are formed 

· by the gradual piling up of sheet upon sheet of lavas poured from num­
berless vents scattered over their surfaces. The eruptions being of a 
comparatively mild type, the products are almost wholly liquid lavas, 
and great cones are not often formed. The lavas being higlily liquid 
flow to great distances in thin streams, which are also very wide if tile 
country is flat enough to permit them to spread out. Hence the ejecta, 
instead ofpiliug up closely around the orifices, are widely dispersed, and 
accumulate with an approach to uniformity of thickness over the sur­
rounding tracts. · 

Let us now examine-some of the great necks standing in the Puerco 
Valley, and note such details as are visible. They are easily accessi ule 
from t.lie railway, starting from the station at Laguna, or we may reach 
them from any direction witli ease if we gQ horseback. Probably the 
most conspicuous ones lie between J uantafoya and the Cabazon. I had 
seen several of them, first in the vicinity of Cubero (or Oovero ), at the 
south end of the Mount Taylor mesa, but they were by no means the 
:finest examples, though striking. enough. Ascending the mesa, and 
wandering for a couple of days through its forests, I reached the brink 
of the lava cap above Juantafoya, where the impressive scene repre-
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sen ted in Plate XX was suddenly disclosed to vie.w. Descending the 
great mesa wall, and camping for the night ncar the little Mexican 
village, I began the exaf!!ination of these necks the foHowing morning. 
They were found to be very numerous. In dimensions, in t!Je degrees 
of exposure, and in form they varied greatly. Photographs were made 
of the larger and most conspicuous ones, and some of these l1ave been 
transferred to wood and engraved. These engravings will describe 
t!Jeir forms and general appearance far better than words and it only 
remains to note some of the less obvious characters. 

In all of these necks the basalt is columnar. The columns stand or 
lie in all sorts of attitudes, and in most cases are curved. Frequently 
they are grouped in radiating jasciw, and at times a,re flexed and re· 
flexed. The dimensions of the columns vary considerably. The smaller 
ones arc not more than five or six inches in diameter, while in some necks 
they are more than twenty feet across. But when they arc so large 
there is less regularity in every way, not only in the sizes of individual 
columns composing the same group, but the divisional·planes between 
them are less smooth and precise. . Where the columnar structure is so 
excessively coarse the colrimm') are generally vertical. Nothing can ex­
ceed the beauty and symmetry of the smaller columns, and when they 
are flexed and refl.exed they present a fanciful effect, which reminds ns 
of the fibers of some huge organism. In nearly all of these necks, cer· 
tainly in all ofthe larger ones, it is easy to see that numerous eruptions 
have occurred, for there are conspicuous divisional planes or surfaces 
of contact between streams which are certainly not contemporaneous. 
But the several masses are so contorted tllat it is impossible to deter: 
mine any definite relations between them. 

Upon tlle first general view of one of the larger necks the impression · 
is gained that the horizont~l section is nearly circular, but this impres­
sion is dispelled upon closer examination. In those parts which rise 
high above the surface the conjugate diameters are not far from equal. 
But this has been brought about by denudation. At the base of the 
exposed part the elongation in one direction is always noticeable and 
is sometimes great. The longer axis is frequently pro.duced in both 
directions by dikes, which reach far away from the principal neck, but 
the dikes are broken down even with the general surface, and buried 
so that they do .not appear except in close proximity to the main neck. 
Stellate (or star-shaped) cracks filled with lava are sometimes seen, but 
they are not common. . 

These ancient vents are no doubt situated upon local fissures which 
were rent open by the upward effort of the rising lava beneath. Prob­
ably the openings or gaps of these fissures never exceeded at first a few 
inches. Wherever the escape of steam was possible the vapors, under 
great tension, instantly rushed out and speedily eniarged a limited 
length of crack into a large roundish hole. The blast of steam escap· 
ing from a volcanic orifice has great force, even in eruptions of a mild 

\ 



DUITON. ] MOUNT TAYLOR AND VICINITY. 173 

type. In our mundane experience we can liken it to nothing but the ex­
plosion of such substances as gunpowder. To make the comparison 
more just we must imagine that intense action which takes place in a 
heavy cannon, but which is all over in a fraction of a second, to be kept 

l''IG. 21.-Two large necks, -the more distant one beinl!; the Cabazon; Cretaceous mesas in the fore 
ground. Photographed on wood. 

up with full intensity for hours and even days, or until the tension of 
the vapors is relaxed by their gradual exhaustion. Even this concep­
tion would fall short of the real intensity of the action in the case of 
eruptions of the more violent type. 

The geologist will find it a most interesting journey from Jnant.afoya 
to Salazar and thence northward to the Cabazon. On the way he will 
pass a great number of large necks, rising to altitudes of many hun­
dreds of feet and in one case to a height of very nearly 2,000 feet 
(Fig. 20). No names have been given to these objects, individually, 
and perhaps it is hardly profitable to attempt any other view of them 
than a col'lective one. As we leave the village of Juantafoya and move 
outward into the rugged valley of the Puerco we note several large and 
many small ones close at band. Just south of the road is the neck rep­
resented in Fig. 17. Its shape_ is more regular than in most of them. 
The altitude above the inclosing sedimentary beds is about 650 feet and 
its diameter is about 900 feet. It rises 1,300 feet above the valley bot­
tom. Its summit is inaccessible. In close proximity to it are sevP.ral 
small necks, which are only partially disengaged from the sedimentary 
beds which inclose them. The large one is beautifully columnar and 
the columns are vertical. 

North of the road are several large necks in the wall of the mesa itself. 
They are very much obscured, however, by the inclosing matrix of sed-
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Imentary strata, which mount up nearly to the summit, or to the base 
of the great lava cap, but are eroded away in a few plaees sufficiently 
to gh·e glimpses of the neck within. Portions of the lava sheet and 
traces of the old cinder-cones which once stood above them are here 
preserved. The ceaseless sapping of time will ultimately bring them 
out by destroying the more perishable sedimentary beds and leave them 
standing, like tl.teir neighbors, isolated and conspicuous. 

FIG. 22.-A group of necks amonp; the Cretaceous beds north of the Mount Taylor mesa and southwest 
of the Cabazon. Photographed on wood. 

Five or six miles from Juantafoya are two large necks with an inter­
val of less than half a mile between them. On_e of them (Fig. 18) is 
noticeable on account of the intricate character of the columnar struct­
ure. Special pains have been taken to illustrate this by the drawing 
in Plate XXII.1 This neck has a diameter of over 1,000 feet, and rises 
about 800 feet above the Cretaceous beds which inclose its base and 
1,400 feet abo,·e the main valley. 

About eight miles from Juantafoya we come upon the impressive scene 
represented in Plate XXI. On the right is the loftiest and finest neck 
in the region, with the exception of the Cabazon, which also appears in 
the middle of the picture, 17 miles away. Otner large ones also are 
seen. The one on the right is also given in nearer view in Fig. 20. 
Its altitude above the valley is between 1,800 and 1,900 feet, but an in­
tervening ridge of Cretaceous strata shuts oft' the lower portion from 

1 From the original negative an enlarged" positivll" or transparency was made. 
From this a still larger negative was taken. With the enlarged negative a silver print. 
on paper was then made, and over the print a pen-and-ink drawing was traced. The 
drawing was then bleached and the silver print dissolved out, leaving only the pen­
work, which was reproduced on a greatly reduced scale by photo-engraving. 
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view. No opportunity occurred to photograph it from a more eligible 
standpoint or even to visit ·it. · At the distance of about a mile its intri­
cate columnar structure was readily recognized with a field gla~s. Its. 
diameter was estimated roughly at about 1,300 feet. 

The largest neck in the region is the so-called Cabazon. It bas been 
a famous landmark for many years, for it lies on the old road leading 
from Santa Fe to the southwestward, and ov:er that road people have 
traveled for more than two hundred years. The view here given is from 
the southward, standing npon the lower benches of Cretaceous strata 
unuer the northern crest of the Mount Taylor mesa and six·mnes or more 
from the Cabazon. I was unable to visit it, much to my regret. But 
when the point from which this view was taken was reached~ I had . 
alreauy been long away from my base of supplies and a tedious journey. 
of nearly a hundred miles was necessary in order to reach it. This 
sa.me neck is pictured by Dr. Newberry from the north side in his report 
of explorations from Santa Fe to the junction of the Grand and Green 
rivers. Within three or four miles of it are five other large necks, but 
they have been sadly wrecked by erosion and are in a ruinous condition. 
Tl1e topographers of t.be survey who have ascended the Cabazon find 
its summit to be 2,160 feet· above the valley bottom. Its diameter is 
about 1,400 feet. 

Much the greater portion of the necks is found in the valley of the 
Pnerco. A considerable number, however, occur on the southern side of 
the Mount Taylor mesa, though few of them are of great dimensions in 
that quarter. On the western side of the mesa they are seen only in 
the mesa wall, or at short distances from it, while in the valley of the 
Puerco they are found far away. There they are as frequent in the 
midst of the wide interval as they are upon the immediate slopes of the 
mesa. The indications are that the original extension of the !Jlain lava 
cap and the field of volcanic activity was not much beyond its-present 
western border. But towards the north and east it probably reached 
out very far, for we can.bardly doubt. that these necks all represent very 
voluminous outbursts of lava. That the lava cap of the Prieta mesa 
was once continuous with that around Mount Taylor seems highly prob­
able from the great number of necks scattered over the intervening 
valley. Here the large necks are not only numerous, but for every large 
one there are man,y small ones which have been reduced to insignificant 
mounds, and which are seldom notice1l until we are right upon thein. 
Thus the great lava cap of the Mount Taylor mesa is but a small rem­
nant of a far greater region once mantled over with andesite and ba­
salt. 

But let us look southward to the great belt of mesas which rise east 
of the Zuni Plateau. These too are heavily lava capped, though (\JlOr­
mously eroded. In llll respects the,y are repetitions of .the Mount Tay-_ 
lor mesa, except that no great volcanic cone rises from their broad sum­
mits. With a field glass one or two sma.ll bills may be discerned, which 
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are presumed to be the fading remnants of cinder or lava cones, but 
they are insignificant features, hardly rippling the flatness of their 
summit profiles. They are separated from the Mount Taylor mesa by 
the. valley of the San Jose (through which the railroad is laid), and this 
valley is apparently double, i. e., a broad ·valley with a narrow and 
deeper one excavated in its wide bottom. It is very doubtful whether 
the lava caps of these southern mesas was continuous with that of 
Mount Taylor. I am inclined to think not, for no necks or dikes were 
noted south of the railroad. It is to be regrettrd that the map south 
of the atlas sheet accompanying this paper iS not COmpleted, for it COD· 
tains these southern mesas and would show the relations of the two 
volcanic tracts. The southern margin of the completed sheet cuts oft" 
much that it is desirable to show both in the Zuili Plateau and in the 
lava caps. 

The story told by the volcanic necks is in its final summary the same 
one that is revealed by every feature of the Plateau country, viz, ero-

FIG. 23.-Alesna (the bodkin), on the northwestern side and near the base of the Mount Taylor mesa. 
It is beautifully columnar. Photographed on wond. 

sion. Had there been no lava caps and no such necks we should never 
have hesitated for a moment in the conclusion that thousands of feet of 
strata have been eroded from thousands of square miles of territory. 
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The horizontal beds of Cretaceous strata, with their edges cut off 
abruptly iu the mesa walls, and staring across a \'alley, be it wide or 
narrow, to the edges of the_same beds on the other side, can only mean 
one thing in the Plateau country. If further proof were wanted, it is 
found abundantly in the lower Cretaceous strata in the valley bottom, nn· 
troul>led l>y fault or fold; in numberless remnants of higher beds, form­
ing tlte rolling bills and lying in their normal places aml horizons; in 
the absence of any reason whate,·er for breaking the origiual continuity 
of a system of strata whiclt is coextensive with half of the continent. 
The geologist in the Plateau country no longer winces at statements 
of stupendous ·erosion, for the vastness of its achievements is forced 
home to him at every changing prospect, with proofs so. clear and 
palpallle that even the wretched Indians see them and appreciate them. 
But however well a general f~tct may be !mown, however firmly a nat­
ural law may be establislted, it is always pleasing to come across· some 
new demonstration of it. The kind of testimony proving a great ero­
sion which we find in these lofty necks is so far as I know unique. And 
how could testimony be more conclusive Y True, it adds no further cer­
tainty to th.at which was absolutely certain before, bi1t it does add to 
our confidence in the methods and generalizations which we employ in 
the solution of great problems in physical geology and· it gives us en­
larged views of the "harmonies of nature." 

What was the age of these erurtions Y They were Tertiary; proba­
bly Middle Tertiary. They. prevailed doubtless through a long period 
of geographical time. None of them can be regarded as recent in any 
sense whatever. Nowhere on the surface of Mount Taylor or of its I:)Ur­
rounding lava sheet has any fresh-looking rock been found. T.he traces 
of time are visible everywhere. The mountain itself is deeply scarred 
with ravines, which have deepened into great gorges. The parasitic 
cones, which were numerous, have mostly been destroyed, and those 
which remain preserve only their most massive and enduring framework. 
The lapilli and clinkers have decayed into soil, and what were. once.large 
cinder-cones, inclosing craters, have become gently swelling mounds 
which only careful study can discriminate. Deep and wide barrancas or 
bays have been eroded into the mesa, and they are now inclosed lly walls 
more than 1,000 feet high. The whole periphery of the mesa bas greatly 
shrunken by the recession of its boundary wall through secular waste. 
The recession has 110 doubt been much greater in some places than in 
others, and it Las been accomplished in the usual way, by.cutting oft' and 
i8olating buttes, which can be attacked on all sides. The erosion of the 
Puerco valley must, of course, have been accomplished since the extinc­
tion of the vents which were once open above t.he necks. 

These eruptions, therefore, cannot ue in any sense recent. On the 
other hand, there are reasons for believing that the -earliest of them are 
not much, if any, older than the Miocene. They are as follows: 

This portion of the Plateau province was very probably covered by 
6_GEOL--12 
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the whole Cretaceous s;ystem of the West. It is quite possible that the 
lower Eocene also covered it-indeed, I had almost said probable-for 
the Eocene (Wasatch) beds occur in great force only a few miles to the 
north and northwest, with strong indications that they once extended 
far southward over regions from which they have been denuded. The 
Wasatch beds are, however, fresh-water formations, and though it is 
amazing what vast expanses of country they covered it seems incredible 
that they could have all formed a single lake bottom. What watershed 
could have been large enough in those times and in this region to keep 
such a lake fresh and brimming with water¥ On the whole there is much 

]'!G. 24.-Qinder cone and neck, in a n1>.tnral section in the mesa wall, seven miles northeast of Grant 
Station. The lighter-colored beds beneath the cone are Cretaceous sandstones. Photo· 
graphed on wood. 

reason to infer that these beds once covered the whole country hereabout, 
though the inference may be open to doubt. The lavas of this region 
do not rest upon these Eocene beds; they do not rest even upon the 
upper Cretaceous (Laramie) beds. Certainly the Laramie once covered 
the district, and it was eroded before the lavas broke forth ; and its 
erosion could not have taken place until the general elevation of the 
Plateau country had begun and made progress. This we know to have 
been in late Eocene or early Miocene time, or, more probably, iu both 
ages. These reasons have led me to incline to the early Miocene as the 
most probable age of the initial outbreaks. That they lasted through 
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a long period is plain enough. As to the epoch at which they ceased, we 
can judge only by the amount of erosion they have undergone. This is 
very great, but any attempt to fix the epoch with precision would be 
going farther than the facts warrant. 

RECENT LAVAS OF THE SAN JOSE VALLEY •. 

Travelers upon the Atlantic and Pacific Railroad seldom fail to ob­
serve the frequent fields of fresh lava which are seen soon after the 
train has passed the Rio Grande and begun its ascent to the westward. 
They occur in thin sheets, which have Apread out over a country that 
has evidently been but little modified since their eruption. Some sheets 
are much fresher in appearance than others. Inueed, there are broad 
tracts where we have no hesitation in assigning a considerable age, 
and where the marks of erosion are very conspicuous. It is a country 
of low mesas, bounded by bluffs rather than cliffs, and some of these 
mesas, rising one. or two hundred feet above the surrounding plains, 
show the eroded edges of lava caps. When we reach Laguna we find 
the valley nearly filled with young lava, the freshness of whose aspect 
is very striking. The interval between Laguna and McCarty's I have 
traversed twice by daylight in a railway car, but never otherwise; and, 
as I cannot assert the continuity of the lava between the two places, I 
have not represented it upon the map as so occmring. But I have 
ridden over the ground between McCarty's and Cubero, a few miles 
north of the railroad, where the country is flat and smooth, and I 
looked in vain for the source of this lava stream. · I strongly suspect 
that this basalt came all the way down the San Jose valley from the 
same vents that furnished the broad expanses of young lava which lie 
to the southward and northwestward of Grant. 

West of McCarty's there is no doubt. Streams of basalt fill the val­
ley bottom and they are continuous ~ith the main lava fields to the 
westward; their aspect is extremely fresh. Here and ~here some 
mud and'alluvial sand have been washed over them, and the stream of 
water beneath has occasionally cut away the ·older river sands on 
which they lie, so as to undermine them. But the lava itself shows no 
erosion and no appreciable weathering. It is black and glassy, }>reserv­
ing its wrinkles, twisted knots, and clinkers in. perfection.- Its aspect 
is quite similar to. the "pahoehoe" of the Hawaiian Islands, in those 
coulees which are less than a century old, 

But the great display of recent-lava is to be seeri around the eastern 
base of the Zulli Plateau. Just where the railroad emerges from the 

· break through the mesas we enter upon a broad level plain, where basalts 
from two widely separated sources have intermingled. One of these 
sources is shown upon the colored geologic map about sixteen miles north­
west 9f Grant or six miles north of Bluewater Station. The o'ther sotirce 
is a group of cinder-cones just beyond the southern limit of the map, 
about three miles southeast of Agua Fria. Imagine the red band which 
denotes the position. of these basalt fields, and which is cut off at the 



180 MOUNT TAYLOR AND THE ZUNI PLATEAU. 

southern border of t.he map, to extend about eight miles farther south ward 
and then bend to the westward and farther on to the northwestward, thus 
forming a great hook. At the point of the book near Agua Fria (but 
still off the map) are situated the vents which have given rise to this 
broad band of basalt. The lavas from the north of Bluewater meet those 
from Agua Fria on the plain between Grant and San Rafael. The Yent 
from which the former streams flowed is designated on the map as the 
Tintero (inkstand), a low lava cone so inconspicuous that no geologist or 
other traveler who has written of this country appears to have noticed it 
hitherto. It has always been supposed that these fields of" mal pais" em­
anated from Mount Taylor, and the supposition is a most natural one. 
Any oue who crosses them or skirts along their edges wHhout taking the 
pains to follow them to their sources would jump at once to that conclu­
sion. From every point on the surface of the mal pais Mount Taylor rises 
grandly as. the most commanding object of the landscape; its volcanic 
nature is betmyed in every line and feature, and there is nothing else 
in sight to suggest a volcanic vent.. But it is quite certain that they 
did not come from Mount Taylor, nor from any of its appanages; and 
the origin which I have stated bas been verified with absolute cer­
taint.v. 

Fm. 25.- The Tintero, north of Bluewater. The cliff on the left in th e baclq,:round i• the upper Jura­
Trias. The Tintcro is the small mound in the middle background ; it is a lava cone an<! 
the source of th e young la..-as in the ..-alley along the railroad between Grant and Bluewater. 
All of the flat space in the picture is basaltic lava. Photographed on wood. 

The Tintero vent is a low mound, rising by feeble slopes to a height 
which is difficult to state for want of any definite plane to refer-it to. 
It may be represented rather as the maximum point of thickness in the 
sheetsoflava, which are piled one on another or wllich spread out from it 
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in every direction except the north. .A. well developed crater is found 
at the summit. It is not com}losed of fragmental ejecta uut of m·assive 
lava8. .A. distant view of it is given in Fig. 25. It is evident that 
many streams have flowed from it, spreading out ea8t and west to a 
width of fixe miles and flowing southerly into the trough of the San Jose. 
Mid way bet'i\'een Bluewater and Grant the streams narrow to the width 
of a mile or less. In many places the sheets are Yery freHh, uut the 
older ones have been drifted over with blown sand and, soil, til rough 
which the rough clinkers still project. Some of these streams may be 
many hupdreds of years old, but others uetoken such recency that we 
are tl'mpted to attach some credence to the traditions of the Mexic.ans 
that when their Spanish ancestors first came to these regions they were 
still hot and steaming. 

The coulees which came from the southward and from the sources 
nrar Agua Fria are more extensive than those from the 'Iintero. Their 
width in the valley between the slopes of the Zulli Plateau and the Creta· 
ceous mesas to the east is nearly four miles, aml the distance from their 
sources to the railro"ad, where they commingle with those from the Tin­
tero, iH aboui: 24 miles. There is no appreciable difference in the litho­
logic characters or in the outward aspects of the commingh~d sheets. 
Both of them are normal basalts, rich in olivine and augite, with triclinic 
feldspar. The .A.gua Fria vents have large and regular cinder-cones, 
and there is a group of four standing in close proximity to one another 
and rising from three to four hundred feet above the plain. The lava 
flows at first southeastward and gradually turns eastward and north­
ward, crossing the granite axis of the Zulli Plateau, which at this local­
its is greatly eroded and drops low, so as to give a gentle descent across 
it to the northward. It is difficult to judge what may be the thickness 
of the lava sheets, for there is no means of ascertaining what features 
had been gi\·eu to the valley bottom by erosion before they were extra\'­
asated. ~Whatever it may have been, the floods of basalt have brought 
e\·erything to a smooth surface, gently declining to the northward. 
'flte general impression conveyed is that the mean thickness is very 
small, not exceeding 100 feet, though in some places it may be consider­
ably greater. 

lt may at first seem· surprising to those who are unfamiliar with vol­
canic action that lavas can flow in such thin sheets to such great dis­
tances, especially when the declivity is so low as here, for the declivity 
is not more than 40 feet per mile. A vh;it to the volcanoes of the Ha-· 
waiian Islands afforded me an opportunity to study t.he details of the 
flow of lavas, and it has since then ceased to be at all perplexing. lt 
may be well to describe the process here, especially as these lavas, lying 

. along the course of a transcontinental railway, will be a source of interest 
and even womler to thousands of future travelers. 

It may be premised that these basalts clearly indicate that they were 
erupted without those manifestations of grea~ violence and explosive 
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energy which are so common in many other volcanic outbreaks. Their 
eruptions were of the " mild" type, not greatly exceeding in violence 
those of the Hawaiian volcanoes, which disgorge amazing quantities of 
fluent lava with so little distu <bance that the vents may be approached 
on the windward sides as near as the radiant heat will permit. The 
ejecta in such eruptions consist of highly liquid lava alone. The quan­
tity of lava is vast. It not only runs copiously but it runs a long time. 
In 1855-'56, Mauna Loa poured out a steady stream of great dimensions 
for thirteen montlls. In 1880-'81 its eruption lasted eleven months. 
The lava is highly liquid, and where the slope is great and the volume 
large it runs as swiftly as a flood of water. Over a flat plain, with a 
feeble declivity, the case is different; here the lava spreads out at once 
in a broad sheet and its surface is quickly cooled. But the crust which 
congeals is very thin and is the best possible non-conductor of heat. It 
becomes at once a most efficient protector of the lava beneath it from 
further loss of heat and consequent solidification. Beneath its protect· 
ive covering the lava flows on, shooting out in advance of its front 
margin a succession of belches. Many lateral ruptures of the lava 
pipes also occur in the same way, and the stream both advances and 
widens. Its progress is slow over a feeble slope, aml it may be many 
days or even weeks in advancing a single mile; but if the supply from 
the vent is copious and is maintained for a long time, the stream will 
continue to advance. It constructs its channels as it progresses, in which 
it is as thoroughly protected from freezing as the water in a river be­
neath its covering of ice. 

In this manner the lavas of Mauna Loa flow more than forty miles. 
When they leave the vent they run into the tunnels which were formed 
by the earlier portions of the outflow, and do not come to the air again 
until the end of their journey is reached, 5, 10, 30, 40 miles away, as the 
case may be, and at the point where they break through the front of 
the stream they are about as hot and fluent as ever. Thus the length 
of the flow may be many miles. It all depends upon the copiousness of 
the supply from the vent and the length of time the supply is kept up. 

We have in this region, therefore, eruptions of two distinct ages; those 
which built Mount Taylor and the lava caps of the mesas and those 
which flooded the valley of the San Jose. The former were probably 
of Middle Tertiary age (Miocene¥), while the latter belong to modern 
times. Since the cessation of the former the country has undergone 
enormous changes by erosion and perhaps by displacement. Since the 
cessation of the latter it has undergone no material change whatever. 

The study of the- petrographic characters of the eruptive rocks of 
these localities has been begun and is in progress, but it bas been found 
that more material is necessary. During the coming seasQn I hope to 
have an opportunity to revisit the localities for the purpose of making 
larger collections and to publish the results of their examination. The 
study of them so far has. proved to be of much interest, but any state· 
ments now would be premature. 



CHAPTER V. 

GENERAL. CONCLUSIONS. 

It now remains to inquire whether the facts observed in this field of 
study can be made to throw any light upon the evolution of the great 
region of which it forms a part. Of course it requires a great many 
facts and well connected observations to be able to generalize with any 
confidence, and it may be doubted whether we can at the present time 
do more than advert to some broad features in the most general way. 

Of the history of the Plateau country prior to Carboniferous time we 
possess hardly any knowledge at all. Exposures of Pre-carboniferous 
strata are extremely few within .the province itself, while arop.nd and 
near its margins they have been too little studied and are too complex 
and fragmentary to enable ns to make even the first approximation to 
an idea of the state of affairs then prevailing. Within the province 
the very few exposures now known present the Carboniferous strata 
resting either upon the Cambrian or upon the Archean. The Devo­
nian and Silurian are either wholly absent or are represented by a few 
eroded remnants of trifling extent. In the great natural section seen 
in the walls of the Grand Canon of the Oolorado we find the Red Wall 
group of the Carboniferous resting upon the upper Cambrian,! while 

1 In Monographs of the United States Geological Survey, Vol. II, Tertiary History 
of the Grand Canon District, I described the appearan.ce of this great section as seen 
from the brink of the wall above. At the time of my examination no fossils hatl been 
found below the Red Wall. From the cliffs above the most careful scrutiny fails to 
detect any unconformity in the stratification of the canon wall except near the bottom 
of the chasm, where a bard quartzite is seen resting, with conspicuous unconformity, 
upon lower rocks. To the eye everything above this plane is indicative of complete· 
parallelism in the strata throughout the hundreds of miles of exposure. So sharply 
are lines of stratification marked· in the view of the wall that the slightest discordance 
should be apparent. Below the Red Wall limestones no fossils had been found up 
to the time of my visit, and these limestones have nearly 800 feet of sandy and sbaly 
layers beneath them before the qu::trtzito at the base of the conformable series is 
reached. It never occurred ~o me- it would have been almost incredible to anybody­
that in the midst of this conformable series, exposed for 200 miles and more, there 
could be a great Matus in the stratigraphic series, and though fossils were alJsent 
it seemed the most natural course to regard the whole as Carboniferous. A.year or 
two after my departure, Mr. C. D. Walcott succeeded in reaching the depths of the 
canon by a trail previously built for the purpose, and found an abundant fossil fauna 
of upper Cambrian age between the basal quartzite ancl the Re1l Wall limestones. 
In that conformable series, then, the Silurian and the Devonian are wanting. The 
fact is an amazing one, and so far as I know without a parallel. In the maps I have 
given with that monograph the Silurian is represented as being present beneath the 
Carboniferous. These supposed Silurian rocks arc shown by Mr. Walcott to be Lower 
Cambrian, while the Upper Cambrian should take the place of the lower GOO or 700 
feet, delineated as a part of the Lower Carboniferous or Red Wall group. 

183 
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in the Zuili Plateau and in the Nacimiento Range to the northeast the 
middle Carboniferous rests upon the Archean. We llave merel~· facts 
enough to indicate that prior to the lower Carboniferous and Devonian 
ages some portions of the Plateau count.ry were not submerged ami re­
ceived no deposits of sediment., but on the contrary were suuject to den­
udation. The extent of these land areas-for snell we may presume 
them to have been-we do not as yet know. 

In the latter part of Carboniferous tiine the western portion of the 
United States was a marine area. This fact appears to ha,-e been co­
extensive with our knowledge of the geology. We may make whate,·er 
reservations prudence may demaud concerning the parts which are un­
known and the very few which are known imperfectly aud are there­
fore doubtful. If any land existed there at tllat time it was or small 
extent. The strata are all marine deposits. As regards the Plateau 
country, it may be said that the Carboniferous strata disclose no laud 
animals. and no plants among tlleir fossils, while the marine mollusca 
are as abundant as in any part of the world. They are indieative of 
waters which were neither very deep nor very shallow. The large 
quantity of limestone, the exceeding fineness of the sands composing 
the sandstones, and tl1e cal<)areous cement wllich unites the grains are 
opposed to the inference that laud was very near, bnt do not argue for 
great depths of water. There is, however, an absence of those positive 
signs of shallowness wlJich are so abundant in the ages wlJich followed. 

Throughout the periods covering the deposition of tbe Permian and 
Jura-Trias formations we find a state of afi"airs indicated which it is 
difficult to explain satisfactorily. Mention has already been made of 
the remarkable constancy of tbe greater part of tlJis series over the en­
tire extent of the province. Its thickness is ve.ry g-reat and its unbl'Oken 
continuity over the whole cannot be questioned. Yet we find proofs 
that from time to time the sea deserted the conntrJ· and left it to sup­
port for awhile au exuberant Yegetation and a highly Yaried reptilian 
fauna, such as characterizes the lower Mesozoic wherever found. We 
have found hitherto very few marine mollusca. In the unquestioned 
Trias no marine sllell has ever been discovered, so far as I know. The 
only ones yet found have come from near the base of the Permian and 
from the upper Jurassic (V). They are just enough to assure us that the 
sea at times eovered the province. Curiously enough Professor Cope 
has discovered in the Trias of New Mexico a few shells which Meek 
regards as Uuionidre. She11s of tlte same family have also been dis­
covered in the Jurassic at other localities. Dr. Wb.ite is of tbe opinion 
that it is a reasonable question whether the representatives of this 
family found in the early Mesozoic may not ha,·e lh·ed in salt water, 
though their modern derivatives are fresh-water species. 

But while these strata are so extremely poor iu the remains of marine 
animals they are rich almost beyond comparison in the remnants of 
vegetation. The abundance of fossil wood has already been spoken of. 
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It occurs at many horizons, but is most abundant in tue upper Perinian 
and lower Trias. · Great quantit-ies are also founu in the Jurassic; but 

· wherever the country is surtitced with lower Triassic strata the soil is 
full of fragments of silicifieu wood, aud at some horizons the· decay of 
the shaly beds discloses thorisands upon tlwusands of fallen trunks, 
often of great size, slowly weatl:wring out of the rock which inclosed 
them. 

A common occurrence in this series of strata is unconformity by 
erosion only and without an,y perceptible discrepancy of dip, as if the 
country had been exposed for a short time to a feeble erosi,·e aetiou 
and then submerged again to receive another deposit of strata .. These 
peculiar unconformities occur at numerous horizons and are usually 
hard to detect. But the many and very extended exposures often 
reveal it. In truth the whole tenor of the evidence accords well with 
the inference that the surface of the Plateau country during Mesozoic 
time coincided very nearly with sea level, but was continually oscil­
lating from a little above to a little below that level and t•ice 'Versa. 
At one time it was a land area, sustaining a great forest vegetation, 
through which many species Of dinosaurs wandered; at another it was 
overflowed by the ocean, and received deposits of fine sand, clay, and salts 
of lime.. On the whole the region appears to have suhsided about as fast 
a::l the sediments accumulated, thus pre:serving the· surface nearly at a 
constant level. We are tempted here to surmise that these oscillations 
between land and water may have been due to variations in the abso­
lute position of sea level, whiie the progressive subsidence was pro­
duced by the gross weight of the sediments themselves. WbateYer 
may be the explanation, it is a most extraordinar.v fact that 3,000 to 
4,000 feet of strata were accumulated upon an area of over 90,000 square 
miles and yet the surface of deposition was maintained throughout at 
approximately the same level or with very moderate variations from it. 

Considerations very similar to the foregoing are presented by the Cre· 
taceous system. Here we have an abundance of fossils of all Idnds to 
guide us, and our conclusions may be drawn with more confidence. 
Wit.h the exception of the strata forming the Laramie or uppermost 
group of the Cretaceous, the Molluscan fossils are of marine types. 
In the Laramie they are brackish water forms. As in the Jura-Trias, 
there were alternations of land anu sea, and whene,·er the sea with· 
drew the land thus laid bare bloomed with forests and swarmed with 
dinosaurs. Here we find for the :first time in the West conditions favor­
able for the formation of coal. From top to bottom the shaly beds of 
the Cretaceous include coal seams and carbonaceous layers, while the 
intervening beds abound in fossil leaves. The Caruoniferous age of the 
Appalachians repeatell itself hel"e in the closing stages of the Mesozoic, 
and upon a scale of equal if not greater grandeur. 

An interesting question arises here. How tloes it happen that coal 
did not form in the western 'frias also 1 That vegetation was exuber-
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ant in that age is fully attested by the enormous abundance of fossil 
plants. The general mode of accumulation of the strata was appar­
ently the same in both ages, and, so far as we can see; the topography 
and physical condition of the region remained unchanged. To the eye 
of the tourist who travels through the deserts of the Plateau country 
there is at first sight a total contrast between the aspects of the Upper 
and the Lower Mesozoic. By far the most striking difference is in the 
coloring. The Jura-Trias shows all the tints of the rainbow, drawing 
most heavily upon the reds. The Cretaceous merely rings the changes 
on neutral tints and lusterless browns. But how can mere color be as­
sociated with any determining factor iu the problem~ The sculptured 
forms of the two series also differ as much as the colors. This can be 
traced at once to the different modes of bedding. The Jura-'frias has 
many massive members of wonderfully homogeneous san<lstone and 
softer beds of sandy shale. In the Cretaceous the massive members 
are in much less proportion and the shales in a much greater. But 
how can these differences be associated with causes which may lead to 
or prevent the formation of coal~ .As regards chemical constitution of 
the strata there are several important differences. The Jura-Trias 
abounds in sulphate of lime, sometimes taking the form of gypsum beds, 
sometimes of gypseons cement in the sandstones, and still ~ore fre­
quently of selenite in the sandy shales. It aboumls also in the Creta­
ceous, but not to so great an extent. Clay shales and calcareous marls, 
with bands of limestone, are abundant in the Cretaceous and very 
scarce in the Jura-Trias. These differences might suggest to the in­
genious speculator some considerations more to the point, but I see 
as yet no necessary connection with the inquiry. Certain it is that the 
Jura-Trias has ne\'er yielded in the West a trace of carbonaceous mat­
ter. Its trees and shrubs ha\·e turned into stone instead of coal. 

We find as yet no evidence that the Plateau country was marked out 
or differentiated in any way from the country lying to the east of it, 
until the Laramie period. From the eastern border of the Great Basin 
province the whole Mesozoic system reaches eastward to the Missouri 
River. It is now interrupted in Colorado by the ranges of the Rocky 
system. But we are not in a position at present to form a confident 
opinion whether the mountain platforms from which it is now absent 
existed in Mesozoic time, or, if so, bow far they were developed. The 
weight of opinion is in favor of the inference that some of them were 
already formed, and it is certain that some of them were riot. · A most 
interesting subject of future study will be the determination of the age 
and history of these ranges. Here also is opened up the question of 
the origin of the materials which constitute the Mesozoic strata of the 
West. Whence came they ' 

We know at present of one large Mesozoic land area which furnished 
a portion of them. It was the Great Basin; but its shore line has not 
been completely traced out as yet, though considerable portions of it 
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are known. The eastern flank of the Wasatch, throughout the entire 
length of that chain, and the western boundary of the High Plateaus 
Qf Utah coincide closely with the location of a part of it. From the 
southeastern corner of Utah it is seen trending south westward towards 
the southern end of the Sierra Nevada, but it has not been traced far 
in that direction. No doubt this land area was a large one, and we can 
fairly infer that it exceeded 200,000 square miles.· Future discovery· 
may prove that it was greatly elongated northward into British America. 
That it has been enormously ravaged by erosion throughout the whole of 
its known extent is abundant,ly proven, but it is hardly credible that 
this source could have furnished all the sediments of the Mesozoic strata, 
nor even the half of them, for they cover nearly a million and a half 
square miles, with an average thickness which may be estimated at not 
less than 3,500 feet and which may be considerably greater. To add 
a few islands in the sites of the Rocky ranges would help the rntttter but 
little. There is, however, reason to believe that some considerable land 
areas, most probably insular, existed at that time in Southern Arizona 
and Northern Mexico; but our knowledge on this point is far less com­
plete than in the case of the Great Basin. Altogether, we are getting 
into sore straits to provide land areas sufficiently extensive to supply 
the materials constituting the western Mesozoic strata. 

The fact is general that these strata grow thinner from west to east. 
Upon the southwestern border of the Great Basin the Trias has a thick­
ness exceeding 5,000 feet. · In the son thern terraces of the High Plateaus 
it is rather less than 3,000 feet on an average, while in New Mexico (if 
we exclude the Zuni sandstones) it is barely 2,000 feet. The Cretaceous 
is also somewhat thinner in New Mexico than in Utah, but the difl'ereuce 
does not appear to be so great. . Farther eastward, however, in Texas 
and near the Missouri River, the falling oft' in thickness becomes very 
marked. Still it is very remarkable how slowly this attenuation pro­
ceeds from west to east. Not only do these facts indicate a western 
origin for the sediments of the Mesozoic system, but they also indicate 
that they came from some source which was much more extensive than 
any island; in short, from some continental area, having a coast line 
many hundreds of miles long with numerous large rivers discharging 
sand. and silt. While the amount derived from the Great Basin area 
was absolutely large, it seems more reasonable to regard it as merely an 
addition or reinforcement to still larger masses derived from a much 
greater and more prolific source. 

In the Laramie .period we discern the beginning of those movements 
which ultimately isolated the Plateau province and gave it its distinct­
ive history and development. In this formation the fossils indicate the 
pre8ence of brackish water, and this in turn indicates a restricted ac­
cess of the sea by the elevation of partial land barriers around the bor­
ders. These Laramie formations covered a large portion of the west 
beside the Plateau country, and all of them present brackish-water fos-

f 
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sils. They are found in Montana, Wyoming, Utall, Colorado, New Mex­
ico, and even in old Mexico. : Must we infer that there were nwuy Bal­
tics in that period~ In truth the problem is not a little difficult, on 
account of the great extent and considerable mass of the Laramie strata. 
Tile great areas, however, are in many cases inferred rather than proven, 
aud here we may be in danger of an overestimate. The Laramie heds, 
being high in the stratigraphic series, are greatly eroded, and even when 
tue rest of the Cretaceous is present the remnants of the Laramie are 
much more restricted.· We are seldom in doubt whether we can safely 
infer the former extension of the Lower and Middle Cretaceous on•r re­
gions from wllich they are now absent. But with the Upper Cretaceous 
it is not so, and we are perhaps liable to error in applying to it the same 
reasoning. As regards the Plateau conntry;·large remnants of the Lar­
amie are found around its borders, i.e., upon the uorthwestern, northern, 
a;Jd easttlrn margins. They are seen along more than halfits perimeter. 
That they once covered the whole province seems the most natural in­
ference, because it seems easier to conceive of one estuary than of many. 

·The passage from the Laramie period to the Eocene was marked by 
disturbances of which the traees are still visible. Around the borders 
of the Plateau province we find numerous unconformities between the 
Eocene and the Mesozoic strata. Near the close of the Cretaceous 
some of those great monocliual flexures so characteristic of the region 
were formed, and the uplifted sides were eroded before the Eocene was 
deposited. The strata of the latter period are seen resting upon the 
beveled edges of flexed Cretaceous beds beneath. The fossils of the 
Eocene are brackish forms near the base, lm t these are replaced by fresh­
water forms a little higher up. Thus we infer that the complete isola~ 
tion of the Plateau province was accomplished at the beginning of Ter­
tiary time, and its area became, in great part at least, a vast inland lake 
with an outlet. Whether its whole surface was thus o\·erflowed is not 
yet certain. Within this lake large bodies of Eocene sediments were 
deposited. In the neighborhood of the Uintas their thickness attains 
fnlly 5,000 feet, and wherever we find the Eocene it is always a thick 

· formation. In the Choiskai mesa, north of Fort Wingate, the sandstones 
referred to that age, and representing probably only the Wasatch group 
of it, are fully 1,200 feet in thickness. 'l'o the northward they are still 
heavier. It is noteworthy that the Plateau Eocene diminishes in ·VOl­
ume from north to south and the characters of the strata indicate that 
the principal sources of its sediments were in that direction. This is in­
telligible. In the Eocene age the great mountain platforms ofthe Wa­
satch, Uintas, and Rockies had been upheaved and were nudergoing 
a rapid denudation. The resulting sediments were in great part carried 
down into the lake. We do not as yet know of any other regions around 
its margin from which such masses of detritus might have come, though 
inferior portions may have been yiel1led by the .Archean and Paleozoic 
ridges now lying southwest of the plateaus. 
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With the progress of Eocene time the lake of the Plateau region 
gradually vanished. The southern part seems to have been the first to 
dry up, while around the base of the Uintas its vanishing remnant lin­
gared on until the Miocene. With the disappearanee of its waters ended 
that long period of deposition, which reached from the beginning of the 
Carboniferous through the whole of that age and the Permian, through 
the whole Mesozoic, and through more or less of the Eocene. The re­
sults are certainly impressive. If we are at liberty to replace in imagi­
nation all the strata which have since been denuded we shall be le1l to 
the conclusion that over the entire surface strata.had accumulated to 
a thickness of at least 15,000 feet in the western part of the province 
and at least 10,500 feet in the eastern part. At no time could the sur-
face of deposition have been very far from sea level. · 

The progress of Tertiary time witnessed the slow elevation of the en­
tire mountain and Plateau region of the West, and along with the ele­
vation went the denudation of the country. The rate of denudation 
increases enormously with the altitude, and it has been so here. Hec­
ognizing the dependence of erosion upon elevatory movements, it is 
natural to seek among the detailed phenomena of the erosive processes 
some clew or hint leading to the various stages through which there­
gion has approached its present structure and topography. The study 
of the Grand Canon district led to some inferences of this kind, and to 
limited conclusions based upon the interrelated phenomena of structure, 
erosion, and volcanism. It was inferred that the western part of the 
province bad been elevated, not at a UJ;J.iform rate of vertical movement, 
but in periods of activity of the uplifting forces, with long intervening 
periods of rest. Whether this was true of the. southeastern part of the 
province may not be so clear. Yet I think there .are some indications 
of a rather recent and rapid elevation of great amount in tlie portion 
bordering upon the valley of the Hio Grande. In the Grand Canon dis­
trict reasons were given for inferring a great denudation in Milldle 
Tertiary time, an age when the climate was moist, the elevation of the 
country considerable, and the rate of erosion very rapid. In the south­
east we have r.lso the· conspicuous monuments of an erosion which, 
though much inferior in extent to that of the southwest, was still vast in 
amount. In that process the country was denuded of a large part of 
its Cretaceous mid Eocene strata, and in some areas of a portion of its 
Jura-Trias. Since that erosion I believe that the district has risen 
greatly. My reasons for thinking so are as follows: 

In the southeastern part of the province and east of the continental 
divide the vallevs in which the tributaries of the Hio Grande flow arc 
all very wide. ·There are no canons within them, yet the declivities 
qf those valleys are great- indeed, they are exceptionally great every­
where. Why have not canons been cut in their floors¥ Because the 
climate is arid, the streams are either small or wholly wanting, and 
such as are still running are too feeble to carry their sediments. 
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They are choked with sand and mud, supplied by the Mesozoic rocks, 
which for the most part disintegrate readily. But if this climate were 
a moist one, and if the precipitation were copious, these slender threads 
of water would quickly swell to headlong torrents, the country would be 
quickly swept of its loose soil, and the beds.of the streams would be laid 
bare to the scouring and grinding action of the rivers. In a very brief 
space of geologic time canons as impressive as the tributary gorges of the 
Colorado would be scored in every valley. It might be difficult to 
render this clear to the general reader, or even to some geologi:;;ts, with· 
out a long explanation. But to those who have fully studied the mech­
anism of rivers, especially those of the Plateau country, it needs no 
explanation. Now, when the climate of this country was moist, the 
ri \'ers may have carried, and no doubt did carry, an abundance of water. 
But if the country wa'l low and the declivities of their channels were 
very feeble no canons would be cut, and the only possible action of ero­
sion would be directed against the mesa walls and flanks of the more 
elevated masses. The rivers, in short, would be at or near their" base 
levels" of erosion, below which they could not cut. And this I conceive 
to have been the actual st~te of affairs. The late Eocene and Miocene 
were undoubtedly moist periods in this country. The rivers cut their 
channels down to base level, and erosion could do no more than plane 
down the adjoining country. During the Pliocene the climate became 
drier and finally as arid as it is to-day, if not more so. In that period 
I conceive the country was greatly upheaved. But the rivers had 
either disappeared or had shrunken to mere rills. In the Miocene the 
rivers bad an abundance of water, but having already cut their channels 
down to base level they could not deepen them any farther for want 
of sufficient declivity. In the Pliocene the upheaval gave them a great 
declivity again, but they could not deepen their channels for want of 
water. 

All this region proclaims an ancient erosion far more vigorous than the 
present. The wide, eroded valleys, fit for the passage of great rivers, but 
vacant now of :flowing waters, their troughs half tilled with alluvium, 
the grass growing over their broad flood plains, convey to my mind but 
this meaning. Hence I infer that the uplift which bas given to these 
valleys so great a slope from the continental divide to the Rio Grande 
has occurred since that great erosion. And if we associate the princi­
pal erosion with a moist climate, as we seem compelled to do, we are 
impelled to refer it to the Miocene. Equally, if we associate the uplift 
with a dry climate, we can assign it only to the Pliocene. The amount of 
this elevation could not have been small. The average slope from the 
continental divide to the Rio Grande, while varying much according to 
the line we adopt, may average 3,100 or 3,200 feet in about 90 miles, or 
say 35 feet per mile. Under a moist climate a large stream would cor­
.rode its bed with one-tenth of t~at declivity. How much of this slope is 
due to the later upheaval we cannot estimate, though it seems probable 
that more than three-fourths of it should be so. 
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This inference correlates well with the conclusions drawn from the 
study of the Grand Canon district. There, also, reasons were found, 
and of a more decided character, for inferring that a great uplift took 
place in the Pliocene. On the western side uf the province, however, 
the uplifted platform was terminated along the lines of gigantic faults 
(Grand Wash and Hurricane), and the passage from the plateaus to the 
more confused structure of the Basin type is instantaneous. On the 
eastern side a long ramp leads down from the continental divide to the 
Rio Grande River, through a range of altitude which, as before stated, 
is a little over 3,000 feet. The length of this ramp varies from 75 to .90 
miles. 

The period during which the Zulli Plateau was uplifted may be indi­
cated with some degree of probability, though only within rather wide. 
limits. In speaking of its uplifting we must be mindful of that more 
general movement which afl'ected the whole region, as well as the more 
restricted movement which differentiates the plateau from the adjacent 
country. Its altitude may thus be regarded as the result of two independ­
ent movements superposed. Its differential uplifting doubtless goes far 
back in Tertiary time. It bas erosional features peculiar to itself, con­
sisting of true canons of respectable depth, and these canons are all of 
very ancient origin. They are the relics of the later stages of the pre­
sumed Miocene erosion, and had remained there throughout the long 
period of denudation which swept the whole Mesozoic series of strata 
from the summit· and flanks of the plateau. But in order that they 
should be excavated at all, the declivities of the plateau must have 
been previously established. Hence I infer that the establishment of 
these declivities antedates the erosion, and may be referred to some 
period not later than the closing stages of the Eocene. They may be 
even older; but, on the other handJ they must be post Cretaceous, for 
the Cretficeous strata were iuvolved in the flexures and monoclines pro­
duced by the hoistmg of the plateau. ·This conclusion agrees well with 
the inferred age of numerous individual plateaus and mountain plat­
forms in and around the province. 

There is evidence that the eruptions which built up Mount Taylor 
. and the volcanic caps of the mesas were subsequent to some part of the 
principal erosion of the country, though contemporaneous with a large 
part of it. In other word~, they_ began after tile denudation had made 
considerable progress. But the erosion continued in great force through­
out the first volcanic period, and the eruptions slackened before the 
erosion did. These evidences· have been recited in the preceding 
chapter. · . 

The Zulli Plateau is one of a class of structures characteristic of the 
Plateau country. No name has been given to them as a class, except the 

·general ones" plateau" and "swell." lu a former paper (Second Annual 
Repo~t of the United States Geological Survey, 1880-'81, page 56) I 
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lJave described a similar structure in the northern part of the province, 
lying about 70 to 100 miles south of the Uinta Mountains. It has been 
named by the geologists of this survey the San Rafael Swell. It is 
an uplift of considerable magnitude, comparable to a short mountain 
range in extent. It is greatly eroded, having been stripped of nearly 
8,000 feet, and perhaps much more, of Mesozoic and Tertiary strata; but 
nowhere is the Archean exposed, and even the surface of the Carbon· 
iferous is barely grazed where erosion has cut deepest. On the east­
ern side there is a monocline of grand proportions, rapidly dropping 
the strata to the eastward and flexing them at a high angle. The simi· 
larity between the structure of. the San Hafael Swell and tlmt of the 
Zulli Plateau is sufficiently striking. In the latter uplift, however, 
erosion has laid bare the Archean. vYe also see it exhibiting some 
added features. In several portions of its summit the metamorphic 
rocks have been protruded upwards higher than in others. In one 
tract especially, Mount Sedgwick, these rocks now overtop the high­
est remnants of Carboniferous strata, and in rising they have involved 
and metamorphosed portions of the sandtltones which lay at tbe base 
ofthe Carboniferous· and reposed originally upon the eroued surface of 
the granite. In others the upward protrusion is not so conspicuoG.s, 
but is sufficiently pronounced to be of significance. 

About 100 miles northeast of the Zuni Plateau rises what is called 
the Nacimiento or Jemez range, which Dr. Newberry describes as fol­
lows: 

Thougil not a lofty or extensive mountain range, this is perhaps the most instrnct­
ivo and interesting of all those which I ball an opportunity of examining in the west­
ern country. Its extreme altitutle is about 10,000 feet; its length something like 50 
miles. Throughout this distance it forms a single simple ridge of nearly uniform height, 
with no peaks nor depressions. At either enrl it gradually falls off and is lost in the 
level of the Plateau country wilich nearly surrounds it. Although its physical features 
are so unpretending, its geologic structure is in tile highest degree interesting and 
suggestive; such indeed that it seems to me it not only furnishes a key to the mode 
of formation of all the great ranges of the Rocky Mountain system to which it be­
longs, but that, if properly stutlied, it would serve to explain nearly all the difficul­
ties of that now much mooted subject, the origin of mountain chains. 'Vbat its 
structure is may be very brictly told. 

The central core or axis of the Nacimieuto Mountain is composed of massive red 
granite, similar to that so common in the other ranges of the Rocky Mountain system. 
This forms its summit and the greater part of its llHtss. Upon the slope of the granite 
axis rests the Carboniferous formation, fol' the most part limestone, in many places 
nt~arly vertical, yet but slightly mctamorplwsecl. OutRide of the Carboniferous arc the 
white and red sandstones, marls, and gypsums of the Trias; many of these heds also 
standing quite vertical, but wholly unchanged. Outside of the Trias the Lower Creta­
ceous rocks form another distinct circle; beyond these tile Middle Cretaceous shales; 
still beyond, the great group of Upper Cretaceous sandstones and marls which I have 
just described. When we stood on the summit of th.e mountain all these different 
formations were spread out before ns as on a geological map, each distinguishaule by its 
color or texture, and as readily recognized as thongh traced on a diagram for a lecture­
room. * " • Some five miles north of onr posit,ion the range falls oft' and disappears 
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in the plain, but f.he line of upheaval is distinctly marked by an arching of the un­
broken sedimentary rocks. The upper part of the arch is removed, and the sur­
face rock is a pure white sandstone, probably Triassic, beneath which the 'red beds' 
appear, forming on the east side of the mountain a beautiful rose-red valley. 1 

. . 
Dr. Newberry's description of the Nacimiento Mountain m is an ex­

ceedingly close characterization of the Zulli Plateau. The difference be· 
tween the two uplifts must be slight, and yet there appears to be a 
difference. The tenor of his description suggests a mountain platform 
in a more advanced stage of development, and just such an one as the 
Zulli Plateau would have become if the orogenic forces and the cor­
relative denuding agencies bad proceeded a little farther in their action. 

North of the Nacimiento we find the beginnings of the great Rocky 
ranges. East of the Rio Grande rises one of the grandest of them, the 
Sangre de Cristo, and west of the river is the San Juan range. The 
former is a granitic core, flanked on its eastern side by the Carbonifer­
ous and Mesozoic strata turned up in a great monocline. West of it is 
the great San Luis Valley, where none of those strata are seen, for it is 
flooded with va~t sheets of basalt or mantled with more recent alluvia. 
In tl.Je San J uail range is a dreary expanse of eruptive rocks of many 
kinds and ·enormous accumulations of volcanic conglomerate, out of 
which rise isolated bosses. of granite and q uartzit.e. Not until we· reach 
the western flank of this range do the sedimeutaries reappear. In Dr. 
Hayden's atlas the sections througl.t these two mountain platforms show 
no fledimenta.ry strata between the eastern flank of the Sangre de Cristo 
and the western flank of the San Juan range, with the except.ion of re­
cent alluvia. A portion of the core of the former range, is described as 
consisting of "eruptive granite," a term which I have no doubt truly 
characterizes its structure and genesis. Upon both· ranges are found 
numerous bosses of granite, which have been protruded upwards higher 
than the main granitic platform of which they are parts. Here we may 
recognize a still more advanced stage of the action of the orogenic 
forces. 

Proceeding farther northward, in the heart of the great Rock~, ranges, 
tl.te Front, the Snowy or Park range, the Sa watch, we find a structure of 
homologous character, but somewhat obscured by other features. In 
the Nacimiento, the Sangre de Cristo, and the San Juan Mountains we 
find no unaltered sedimentary beds except on their outermost flanks. 
Once we have passed their upturned edges we see no more of them. ln 
the mountain platforms of Colorado we find that the rising bosses of 
granite have not only flexed up the beds on the sides of the ranges but 
have caught remnants of them within their "disturbed tra.cts" and car­
ried them up with them, bending, 'warping, and twisting them, shatter­
ing and faulting them. In the valley_s between the great ridges large 

1 Exploring Expedition from S:tnte Fe, New Mexico, to the Junction of the Gmml 
aud Green Rivers, 1859, by Capt. J. N. Maeomb, with geological report yy J. S. New-
berry. Washington, D. C., 1876, page 114. · 
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traets of Paleozoic allll Mesozoic strata have occasionally been preserved 
but they generally occupy relatively depressed positions, and all around 
their rnarginl:l their edges are either turned up on the flanks of the mount· 
ains which environ them on all sides or are ab.rnptly faulted. Never do 
we fiud in the mountains of Colorado any of that extreme and close plica· 
tion which is seen in the Alps. The most extreme case hitherto described 
is that of the Elk Mountains, so well delineated by Mr. Holmes. 1 Here 
the Cretaceous upon the western tlauk of the range is turued upside 
down, its edge folded completely over upou itself, aud the fold apparently 
thrust in under the base of the mouutain. The rock constituting the 
mass of the mountain is the so called eruptive2 grauite, and it has appar· 
ently flowed upwards aud spread out laterally over the fold as if it had 
once been in a pastJ' or highly viscous conditiou. 

In the Wasatch we find still auother modification of this action. 
HPre the sedirneutary series is very much thicker than iu Colorado, aud 
iucludes great masses of the Silurian and Cambrian. The total thick· 
miss is about four times as great as in the Park ranges. Still the gra· 
nitic bosses have, in many of the peaks, protruded completely through 
the entire sedimeutary series, erosion keeping pace with the upward 
movement of the granitf', while the Paleozoic strata llave been. turned 
up at high angles and in some places stand quite vertical. A ·great 
amouut of faulting aud minor complication has accompanied the move· 
ment. The rising bosses througtwut this range have shown a tendency 
to seek the westem side of the mountains as au avenue of escape, all(l 
have produced ou that side an abrupt fault, if such it may be called. 
In truth, it seems better here to lay aside the conception of a fault,· and 
conceive of the strata as having been rent asunder along a general north 
and south line, and tbe strata east of the break rolled over to the east· 
ward and to a cousiderable extent backwards from the north and south 
flanks of the individual bosses. In many parts of the range the granite 
has not reached-the surface, but the Paleozoic rocks form great mono· 
clinal ridges, faulted upwards on the west and sloping at a high angle 
to the eastward. 

The Wasatch is the type of the Basin ranges and the grandest of 
them all. The Great Basin is a region of Paleozoic and lower Mesozoic 
rocks accumulated in enormous masses and enormously erodetl. Before 

1 Dr. Hayden's Annual Report for 1874, Eighth Annual Report of the United States 
Geological and Geographical Survey of the Territories. 

2 I have examined numerous specimens of this rock, and its true granitic character 
I think would not lie questioned by any lithologist. As to its eruptive genesis, that 
is a question to be settled by field observation alone, and I place full coutiflence in 
the conclusions of those who ha\·e studied it. The evidence they adduce is to me am­
ple. Nevertheless, there is room for inquiry as to the meaning of the word eruptive 
iu this connection. That the granite has flowed up from the depths of the earth and 
spread out laterally seems unquestionable. But it may still be queried whether this 
ilow was like that of lava~, occupying a few Jays or weeks, or was a slow, highly vis­
cous movement, occupying a long period of time. The latter is to me the more proba­
ble view. 
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the present mountains were reared these st.rata had been greatly flexed 
and bent. The orogenic forces which have produced the existing 
mountains have operated in much the same way as in the Wasatch, but 
only in the greater ranges has the granite risen to the surface. The 
difference between· the structures of the Great Basin and those of the 
Parks may perhaps arise from the fact that the granitic bosses which 
ha"e pushed them up were much more deeply buried in the Basin area 
by rigid limestones and quartzites. The "disturbed tract" in each range 
is also narrower and shorter. Thus the Basin ranges arc -mostly shat­
tered l)iles of sedimentary strata, pushed up by a resistless rising mass 
b(meatb, which sometimes reaches the surface, where it is laid bare by 
the denudation of the sedimentary rocks which originally covered it. 

We have thus traced a series of momitain forms, from the extreme 
simplicity of structure disclosPd in the Zuili Plateau to the comparatively 
complex structure of the Wasatch and Basin ranges. But there is a 
generic idea running through them all. It is the idea that was taught 
us when we were school boys, that mountains consist of granitic or 
~netamorphic cores, with sedimentary strata upturned upon their flanks. 
To tllis description the precisians have taken exception. ·rhey point 
to mountains which are composed throughout of sedimentary beds, and 
whicl1 disclose no trace of granite; to mountains composed wholly of 
crystalline rocks, with no unaltered strata in their vicinity. The objec­
tion seems to me to have no force. It may well be that in many cases 
the granitic core has not reached a sufficient height, and has not been 
sufficiently denuded, to be visible; but it is none. the less there. Its 
action has been the same in kind, though it may have been less in de­
gree, in those mountains where it is not disclosed, or it may have been 
of equal degree, but the granitic mass was originally so deeply buried 
that after rising a great distance the vast bodies of sediment still ob­
scure it, as in the Basin ranges and in portions of the ·wasatch. There 
is, however, a class of" mountains" which seem to haYe little or nothing 
in common with the structure here presented.· Of this class the Appala­
chians and the Jura are the types. These systems of parallel ridges· dif­
fer radically from anything found in the Rocky Mountain region, though· 
upon the Pacific coast and in some parts of the Sierra Nevada something 
similar to· them is found. Tlle name mountains, when applied to such 
ranges, and also to the Rocky ranges, becomes, from a structural and 
genetic point of view, wholl.Y misleading; and even from a topographic 
point· of view the necessity for distinguishing names is apparent enough. 
In discussing the origin and development of mountains we should draw 
as wide a distinction bet"·een these two classes as we would lJetween 
eitber one of them and a great volcanic pile. Nobody would think of 
attributing the lJuildiug of a volcanic cone and of a range like the Wa­
satch to tlle same set of operations.1 No more ought anybody to attrib-

' Yet I atu fully convinced that the two categories of action !Jave something in 
common. 
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ute the origin of the plicated ridges of Pennsylvania to the same kind 
of forces as those which produced the Park and Basin ranges. And yet· 
this is just what many iutelligent and able investigators of the problem 
of mountain building have been in the habit of doing. A volcanic pile 
is built by the accumulation of igneous ejecta. A ·mountain range, in 
the sense here used, is produced by subterraneati forces acting vertic­
ally. A system of plicated ridges is apparently produced by the action 
of horizontal forces. 

Within the past twelve or fifteen years it has become a widely ac­
cepted view among the geologists of Europe and America that the 
forces which have elevated mountains are derived from the strains set 
up in the outer envelopes of the earth by the secular cooling and shrink­
age of its interior. But it should be borne in mind tha.t geological 
science has flourished most in those countries where the best known 
and most thoroughly studied mountains and ridges are greatly plica ted. 
To the European geologist the Alps and the Jura have always been the 
most commanding and interesting of orographic structures. To the 

, Briton the highlands of Scotland and Wales have been equall,y absorb­
ing fields of research in which the solution of the problem of mountain 
building has been attempted. In America geology had its first and most 
rapid growth in the Appalachian region,.and when it sought fresh fields 
in the Pacific slope it first found them in the Coast Ranges and in t,he 
Sierra Nevada. All of these regions are more or less plicated, and it is 
not to be wondered at that an universal conviction should have grown 
up that plieation and mountain building are only different .names for 
one and the same thing, or that the process which built the mountains 
folded the strata at the same time. But as soon as the geologists pene­
trated the vast mountain belt which lies east of the Sierra and west of 
the Great Plains, and proceeded to a careful study of the forms there 
presented, a whq!ly different state of affairs was revealed. Not a trace 
of systematic .plication has yet been fQund there. The terms "anti­
clinal" and "synclinal" have almost dropped out of the vocabulary of 
the Western geologist. The strata are often flexed, but the type of the 

·flexure is the monocline. 
Even in those portions of the West where anticlinal and synclinal 

fll:'xnres sometimes occur, as in the Basin ranges, we find that as a rule 
. the mountain building and the flexing· are wholly dissociated. The 

flexures belong to ancient disturbances, some of them Mesozoic others 
Paleozoic, while the hoisting of the ranges is much more recent, being 
inainly Middle and Late Tertiary: Even in the SierraN evada it is now 
coming to light that the intricate plications seen upon many portions of 
its flank were produced in Mesozoic time, while the principal uplifting of 
the existing range is Tertiary, and even late Tertiary. The Rocky Mount­
ain region discloses whatever it has to tell us about physical geology with 
marvelous clearness and emJ?hasis, but there is no teaching more clear 
or more emphatic than the absence of plicating forces from among the 
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agencies which have built its magnificent ranges and hoisted its great 
plateaus. . They have been lifted by vertical forces acting bf'.neath them. 
The country at large shows uo traces of a widespread, universal, hori­
zontal compression; on the contrar~·, it discloses the abseuce of snch 
stress. TIJe only indications of horizontal force, and these are extremely 
few and local, are to be seen on the flanks of a very few ranges, where 
the plastic rising platform shows a llisposi tion to flow away from the 
axis anll roll backwards the flexed edges of the strata on its flanks. 
llere it is apparent that the horizontal force is a resultant of the up­
ward movement of the plastic core and its tenuency to flow away later-

'all~·· Tile ·more commonly accepted view of mountain building is the 
reverse of this, for it makes the upward movement a resultant of are· 
sistless horizontal inward compression. 

The absence of an universal state of horizontal compressive strain 
throughout the West, such as the contractional theory calls for, is man· 
ifested in many ways. It is seen in the dislocations of the Plateau 
country. Wherever a fault occurs, or a parallel group of them, the shear· 
ing of the strata is almost invariably clean and smooth. The, mangling 
or tearing of the ruptured edges, the dragging of the beds, anu mashing 
together are very mre and always local occurrences. The position of 
the fault plane is not often disclosed with certainty, but occasionally a 
canon wall reveals it, and it is then seen to be either vertical or slightly 
inclined beneath the downthrow .. In technical language, if it hades at 
all it hades to the downthrow; or, in miners' phraseology, the uptbrow 
is the footwall, the dowuthrow is the banging wall. In a plicated coun­
try, where horizontal strain has operated with great power, the disloca­
tious are frequently reversed faults hading to the upthrow and usually 
accompanied with wrinkles or" troubles" at the fault planes and in cer­
tain rocks with slickensides. In some portions of the Plateau country 
we find what Powell terms zones of diverse displacement. They are sit­
uated (so far as known to me) in close proximity to tfie greater lines of. 
dislocation, and consist of larg·e blocks rifted with numerous faults and 
dropping below their natural positions, as if the general platform from 
which they have been rifted bad undergone a certain amount of stretch­
ing instead of compression. Several of these are seen along the down_ 
throw of the Hurricane fault in Arizona, and Gilbert bas figured one 
occurring in the northern part of the high plateaus of Utah. 1 Through­
out the vast regions surrounding the niountains we look in vain for any 
vestiges of horizontal compression. If it is so transcendent in amount as 
the theory implies, sureiy we ought to find traces of it in the hundrecls 
of thousands of square miles of surrounding territory, where the strata 
are so wonderfully will exposed. But who has seen anything of the 
kind, and where are the traces of it to be found~ 

1 Report on the Geology of the Henry Mountains, by G. K. Gilbert. It is also re­
ferred to iu the Report on the Geology of the High Plateaus of Utah, and represented 
in the stereogram in the atlas accompanying the latter work, 
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But I have become too di~:>cursive. If an apology is needed it is be­
cause I am fond of view.ing the facts observed in the field in their rela. 
tious to broader ~nd more general facts, and of marshaling them into their 
proper places. The ~ufii Plateau is not afea~ure which would at first im­
press any one with a profound sense of wonder or of admiration, but may 
appear rather insignificant when compared with the grander structures 
of the Rockies and other mountain systems. It is simple in the extreme; 
yet its very simplicity is full of significance. I look upon it as an em­
bryonic mountain range, in wbich the orogenic forces have begun their 
work and display their modes of operation in the simplest anl,l most 
intelligible manner. We seem here to get nearer to the real nature of 
the process which bas built the mounta,ins. Shorn of that extreme com­
plexity which confuses and bewilders us in more highly .developed 
structures, the great central facts and the true essence of the mechanical 
processes im'olved become much clearer. The mountains of the West 
have not been produced by lwrizontal compression, but by the action of 
some unknown forces beneath which have pushed them up. 
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THE DRIFTLESS AREA OF THE UPPER MISSISSIPPI. 

By T. C. CHAMBERLiN AND R. D. SALISBUllY. 

INTRODUCTION. 

SIGNIFICANCE OF PHENOMENA. 

In the midst of the great mantle of drift that overspreads the Upper 
Mississippi Basin there lies a drift-barren tract of about 10,000 square 
miles, the driftless area of Wisconsin and adjoining States. This island 
in the sea of drift is unique. To find that the crest of an eminence 
towered above t,he grea.t mer de glace would not be remarkable; to find 
that the summit of a plateau near the border of the drift-covered area 
lifted itself above the invading ice would create no surprise; but to 
find a broad tract, lying in the very valle~ of the great river of the re­
gion, overlookefl by higher land on different sides/ and yet untouched 
by the glaciation -that prevailed all around, very naturally awakens 
marvel. Strangely enough, the margin of the drift on almost every 
hand lies on a slope descending toward the driftless district. The drift­
beariflg ice was stayed in its course, not by some acclivity, not by some 
great topographic barrier it could not overcome, but by some agency 
that arrested it in its downward career on the slopes toward the ungla­
ciated basin. 

The- driftless character of the region has arrested the attention of 
geologists from the days of Owen to our own. The phenomenon has 
been noted and commented upon, and, like most great truths, has even 
been denied. Owen, Daniels, Percival, Whitney, Worthen, White, Mur­
rish, Shaw, Winchell (N. H.}, Irving, Strong, Dana, McGee, Squier, and 
the present writers have in turn made their contributions to the sub-
j~} . 

1 See Irving, Geology of Wisconsin, Vol. II, 11l77, pp. 608-11. 
• The following constitute all the puulications relating specifically to the driftless 

character of this region which have fallen under our notice: 
Dr. D. D. Owen. Geological Survey of Wisconsin, Iowa, and Illinois, 1839 and 1852. 
Prof. Edward Daniels. Geological Report, 1853, p. 11. 
Dr. James G. Percival. Annual Report of the Geological Suryey of 'Visconsin, 

1855, pp. 29-31, 1856, pp. 17, 18. 
205 
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Valuable as these have been, in varying d·egrees, the subject is :ret a 
mine of truth largely u·nworked. The strange story it bas been made 
to tell yields to the stranger story it must yet reveal when all its riddles 
are solved. We can easily foresee some of the lessons it must teach, 
though we are unable yet to fully read them. · 

As a non-glaciated area, standing in the midst of a vast tract over­
spread by drift for a distance of 340 miles· to the west and south and 
for many hundreds of miles to the east and nqrth, it becomes a stand­
ard of comparison and contrast between glaciated and unglaciated 
areas and a means of estimating the results of the drift agencies. It is 
the more valuable standard because the topographic conditions and the 
underlying formations are essentially the same; indeed, to a large ex­
tent they are specifically identical. The Mississippi Valley is glaciated 
above and below. The great river runs over the same formations in 
the dr1ft region above and essentially the same in the drift region be­
low. The Chippewa, Black, Wisconsin, and several lesser river valleys 
are glaciated in their upper stretches, but non-glaciated below. The 
cresc~n.tic Potsdam pelt enters from a glaciated region on the east and 
pass~s out into a glaciated region on the west. The Lower Magnesian 
limestone does the same; so, also, do the St. Peter's sandstone, the Tren­
ton and Galena limestones, the Hudson River shales, and the' Niagara 
limestone. Ali of these, with their attendant topographies, can·ed into 
sinuous outlines by erosion, sweep curvingly across the driftless area 
from an ice-ridden region on the one band to a ljke ice-ridden region on 
the other, displaying in a most striking manner the contrasts that arose 

. Prof. j, D. Whitney. Geology of Wisconsin, Vol. I, 18621 pp; 114-139; Geological 
Survey of Illinois,· Vol. I, 1866, pp. 160-1. 

Prof. A. H. Worthen. Geological Survey of Illinois, Vol. I, 1866, pp. 30-:33. 
Dr. C. A. White. Geology ·of Iowa, Vol. I, 1870, p. 87. 
Mr. John Mnrrish. Report on the Geological Survey of the Lead R~gions, 1871 (?), 

p. 14. 
Mr. James Shaw. Geological Survey of Illinois, Vol. V, 1873, pp. 30-3:3. 
Prof. N. H. Winchell. Geological and Natural History Survey of Minnesota. 

Fourth Annual Report, 1875, pp. 5, 21, 59-62. Fifth Annual Report, 1'376, pp. 34-41. 
Vol. I, (final report), 1884, pp. 117-120,213, 227-2:l0, 245,260-263,275, 27.-:l, 3ll-:n3, 406. 

Prof. R. D. Irving. Geology of Wisconsin, Vol. II, 1877, pp. 608'-611, 632-634. 
Mr. Moses Strong. Geology of Wiscon·sin, Vol. II, 1877, pp. 644-647; Vol. IV, Hl82, 

pp. 92-94. . 
Prof. J. D. Dana. American Journal Science, April, 1878, p. 250. 
Mr. W J McGee. On the Complete Series of Superficial Geological Formations 

in· Northeastern Iowa. Proceedings of the American Association for the Advance­
ment of Science, August, 1878. The Drainage System and the distribution of the 
loess of Eastern Iowa. Bulletin of the Philosophical Society of Washington, Vol. VI, 
1883, pp. 93-97. 

Prof. T. C. Chamberlin. Annual Report Wisconsin Geological Survey, 1878, pp. 
21-32; Geology of Wisconsin, Vol. I, 1883, pp. 269-271. 

Prof. R. D. Salisbury. Notes on the Driftless Area of Wisconsin. Transactions 
·wisconsin Academy of Science~, Arts, and Letters, 1883. 

Mr. G. H. Squier. Depth of the Glacial Submergence on the Upper Mississippi. 
Science, VoL IV, 1884, p. 160. 
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from the single factor of glaciation. A unique opportunity for the com­
pari~on and contrast of drift-burdened and drift·free areas, of ice-worn, 
water-worn, and weather-etched surfaces, is thus happily afforded. 

As a remnant of non-glacial erosion, the driftless area teaches ug not 
only what drainage sculpture and weather-etching might have accom­
plished in the glaciated region, but approximately what they actually 
did accomplish. Here is a determinate and trustworthy standard from 
which to judge the character of the pre-glacial surface of the surround~ 
ing region. Similar standards are, to be sure, found in the unglaciated 
regions outside of the great drift field, and their value is not to be de­
preciated, but they lack some of the advantages of position here af­
forded. 

In thus presenting us a type of non-glaciated topography, it furnishes 
a reliable basis for the estimation of the glacial planation which ad­
jacent regions su!_fered. We are not left to arbitrary assumptions or to 
dednctio~s from imagined processes. Whilb in some instances certain 
variations from the standard offered in the driftless region need to be 
taken into account, yet., in the main, there is no reason to suppose that 

. the Paleozoic tracts on either hand offered a topography essentially 
ditl'ereut from that which now prevails in this standard region . 

.But the topography-of the drift region was not refashioned solely by 
glacial planation. A large factor-in the border regions probably a 
larger factor than planation- was the unequal distribution of the drift, 
which, in general, lodged in the valleys more freely than on the heights. 
The differences between adjoining glaciated and non-glaciated topog­
raphies are apparently due less to the glacial filing"down of prominences 
than to the grading up of depressions. But whether the more was done 
by the Qne or by the other process -and the situation affords advan­
tagef:l for determining the ratio of these elements-the inequalities of 
the adjacent driftless region teach us, in a most convincing way, the 
amount of planation and of drift filling necessary to smooth up and 
grade down th~ inequalities and produce such relatively plane surfaces 
as the adjacent drift distdcts present. 

In estimating the amount of drift in the glaciated regions, it is of su­
preme importance to know the inequalities of the rock-bottom. Our 
means of estimating the thickness of the drift are largely confined to 
wells and other artificial excavations; but our wells rarel~· penetrate 
below the common underground water-level, and this rarely lies much 
below the lower depressions of the drift surface. As these depressions 
are almost alway_s less deep than the antecedent pre glacial valleys, the 
measurements afforded by wells rarely ·give the maximum depth of 
drift. Indeed, they rarely give us much more than the depths of drift 
upon what were the pre-glacial uplands or slopes. There lurks a serious 
error in current estimates of the depth of drift, arising from this fact. 
Some wells show the complete thickness of the drift because they reach. 
rock, but a larger number have their base still in drift. To a,·erage all 
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• 
these and regard the result as an approximate estimate of the thickness 
of the drift, is manifestly an error because of the imperfection of a por­
tion of the data. To equate only the depths of drift shown by the ex­
cavations which reach the rock and to ignore the rest, is scarcely less 
erroneous. Ur stiU, again, to set aside the measurements of a portion 
of the wells that reach rock at shallow depths and to assume that a cer­
tain other class of greater depth fairly represents the thickness of the 
drift, is to predetermine the result sought in the assumptions made in 
the selection of the data. So far as we can see, therefore, there is no 
wa;v of arriving at a satisfactory estimate of the average thickness of 
the drift, except by first determining the character of the rock bottom, 
into the inequalities of which the drift has insinuated itself. 

There lies a strange paradox here. The known facts being what 
they are, viz, a given nature ,of the surface and a certain uumber of 
actual measurements of the thickness of the drift, then the greater the 
glacial planation assttmed, the less m·ust be the estimate nf tlte average 
thickness of the drift. Or, conversely, the less the !fltteial planation as­
sumed, the greater tile estimated amount of drift. For the determined 
thicknesses of the drift, taking them as they run, mainly lie. upon what · 
were the pre-glacial ridges and uplands and show the thickness of the 
drift mantle at its thinner points presumably. Now, if the rock bottom 

·is nearl.Y plane, as would be true if we proceed on the presumption of 
extreme glacial planation, the average cleptllS so measured would be 

·nearly the average depth of the drift. But if, on tl1e contrar,y, the un­
derlying rock surface bas' not been glacially reduced and bas great re­
lief, as it has in the driftless region, a large allowance must be made 
for the drift absorbed by the deep valleys. Those, therefore, who as­
sume t,hat the ancient glaciers bad little cutting power and produced 

'. 

FIG. 26.- Profile illustrating tb.e results of <lilfereut assuwpoiou• in estimating the amount of drift. 
a a a. Wells that reach mck. · 
b b b. Wells that do not reach rock. 

e. Natural outcrop. 
m m. Natural surface. 

n n. Inferred rock surface under the hypothesis of severe glacial planation, 
o o o. Inferred rock surface· under the hypothesis of no glacial planation. 

no essentilil effect~ on the rock surface must make 'a suitable allowance 
for the drift absorbed in the deep pre-glacial valleys. To illustrate: _If 
the Great Lakes occupy essentially unmodified pre-glacial valleys, which 

_had channel-ways leading out to the ocean and were attended by a 
complete system of tributary valleys, many of which must have been 
1,000 feet deep to be in keeping with the primaries, the amount of 
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drift must be large to block up these deep outlets and smooth off the 
surface to its present aspect. Those, on the other hand, who postulate 
extreme glacial erosion, by wbich the inequalities of the surface .~ere 
cut away and broa<l, smooth basins ·excavated, must limit tbeil•t!esti­
mates of the amount of drift some~ bat closely to the average thick;i.:3ss 
shown by artificial excavations ; for, under this hypothesis, the under­
lying floor is comparatively plane and-there are few deep, capacious, 
drift-filled valleys to at1gment the estimate. In short, the known facts 
being what they are, a consistent estimate of the drift at any point, on 
the hypothesis of strong ·glacial abrasion, must be less than an equally 
consistent estimate on the hypothesis of little glacial abrasion. Pushed 
a little further, the paradox becomes more striking, and almost reduces 
itself to the absurdity: the greater the glacial abrasion, the smaller the 

. ·drift material; the less the glacial abrasion, the more the drift. The 
lesson of the paradox is that both assumptions become irrational when 
pushed beyond a certain mean which is the truth. To ascertain this 
mean, resort mu:st be had to a comparison between the actual contours 
which non-glaciated surfaces present and the actnal contours whicb 
adjacent drift-covered regions afford. Upon the results of such com­
parisons, in the light of such data as may be derived from the study of 
drift thicknesses and the drift product, there may be based a rational 
estimate of the amount of reduction wbich the pre-glacial rock-surface 
suffered ·by glacial abrasion, and, supplementary to this, the amouut of 
filling which too~ place in tile leveling up of pre;glacial valleys by 
~~ . 

In view of these considerations, the. contribution which the driftless 
region is competent to yield to the formation of a trustworthy esti­
mate of the amount of drift and of the efl'ects of glaciation becomes 
highly important. . 

But there is a still further element of vital consequence in the esti­
mation of the quantity of true glacial drift and of the amount of glacial 
pla-nation. It h •s sometimes been maintained that the drift is little 
more than the residuary earth and partially df'composed ,rock which 
overlay the surface at tile time of the ice incursion, by which it was 
displaced, mixed, kneaded, and respread over the surface beyond, To 
determine the truth or falsity of this tenet, there are, among others, two 
prominent lines of inv~stigation. · 
_ ( 1) A direct comparison may be made between the decomposition 
products and the glacial debris, to determine whether they are identical, 
whether the residuary earths and loosened rock, mixed and kneaded 
in any conceivable way, are competent to form the drift as we find it, 
independent ofglacial grinding. In other words, we may ascertain by 
direct inspection whether the c_hemical constitution and physical condi­
tion of the residuary material are identical with those of the drift. 

(3) In the pursuance of the second line, we may compare the quantities 

6 GEOL--14 
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of the two to ascertain whether the amount of residuary material is suffi­
cient to fill the pre-glacial valless and to level up tile region into the 
existing· drift plains that characterize the interior, making due allow­
ances for the inequalities of redistribution. -In the pursu_ance of either 
of these lines of investigation, the· testiwony of the driftless region is 
important. It affords an opportunity of determining the amorint of de­
composed surface material to be worked into drift; and, on the other 
hand, the capacity of the valleys· which are to be filled. From these 
data we may estimate ·with some accuracy the effects that would be 
produced upon tlle topography if theresiduar~· material were redistrib­
uted at pleasure in an endeavor to produce a surface like tlJat of the 
drift country. , c 

The driftless region is instructive concerning glacial extension and 
restriction; indeed, it is itself a peculiar expression of giaciallimitatio~. 
It seems to us that its phenomena limit our permissible conceptions of 
the method of glacial extension to a certain range of views and debar 
us from others. The arrest of the ice while moving down the slopes 
towards the area-and that they were down slopes then, as now, can be 
prond-is only intelligible to us on the belief that these currents had 
entered an area of efficient wastage, and that their advance was antago­
nized by an ablat,ion that consumed them before they reached the heart 
of the region. This is equivitlent to saying that either the agencies ,of 
wastage springing from the driftless region were exceptional, for which 
we see no sufficient reason, or that the snrfaee slope ~f the ice was mod­
erate and its motion slow, which is probable; or that the zone of waste 
stretched far back ou either hand allll exposed a broad expanse of the 
iee to wastage, whi~h we shall also main-tain. We tlliuk there may be 
found, in a study of the zones of waste and of growth in the region about, 
and especially north of, the driftless area, phenomena whieh will check 
in the most profitable way our hypotheses of glacial growth, mo,·e­
ment, and wastage and of the climatic conditions of glacia.J times. We 
may thus find assistance in confining our speculations to the neighbor­
hood of truth. 

The driftless region is exceedingly instructive concerning the glacial 
movements of a very large adjacent territory, and adds much strength 
to the evidence drawn from striation. The great drift-burdened ice 
stream, as it moved southwestward from the Canadian heights, was 
divided and diverted, and the separated currents swept around the area 
and mingled their burdens below it. Beside these leading phenomena, 
there are many strange features of a minor character which are dis­
played in the special movements of the marginal currents around the 
borders of the region. 

In the study of these marginal phenomena the significant fact is-de­
veloped that there are distinet varieties of drift border. Far from being 
alike on its several sides, the margin of the driftless region is1 in one 
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part, sllarply limited bra stout moraine; -i~ anoth_er part, it is bor­
dered by a thin sheet of drift which has a definite limit but no marginal 
aggregation; while, in another part, the drift becomes attenuated to 
au extreme degree, and the point of its cessation is only determiued by 
careful search for scattered and insignificant pebbles.' Over a portion 
of the drift there is spread a mantle of loess, which stretches out upon 
the margin of the otherwise clriftless region1 and fades insensiuly away. 
Over qther portious, quite in contrast., no such mantle obtains. These 
Yarieties of drift border imlir.ate corresponding 1lifi'erences in glacial 
and aqueous conditions, and these lead on to some of the most preg­
nant questions that spring from the drift of the interior. 

Not only are there tlifl'erence::; in the character of the drift border, 
but there were manifest difi'erences in the drainage of the region at 
difi'erent stages. Over the western border, maiftling its heights up to 
'iOO fl.'\et and more above the Mississippi, lies the loess, for_ which we may 
fiml no other competent depositing agency than a fluvio-lacustrine one. 
At the same time we fiud, springing from the great moraine on the east 
and north, glacial tlood deposits of gravel that sweep down through the 
valleys at heights Yaryiug from 50 to 100 feet above their present flood 
plains!'.i. e., 600 feet and more below the silt deposits. There are thus 
indicated drainage conditions of a strongly contrasted character. None 
of these _conditions are identical with the existing ones, and in au en­
deavor to account for the changes we are led on to questions of ernst 
oscillations, glacial dams, and otber possiule means of explanation of 
the anomalies which these extraordinary facts present. 

So also there are differences in the relative antiquity or-freshness of 
the drift deposits adjoining the driftless area, and thus we are-intro­
duced to the fertile question of glacial epochs. 

Imperfect as is this sketch of the significances that spring from this 
unique region, it may be sufficient to indicate the pregnant character 
of the phenomena and the important place which they hold in the for­
mation of rational conceptions of the history of the glacial period in the 
Upper Mississippi basin, and even beyond. 

- TABLE OF QUATERNARY FORMATIONS OF 1'HE INTERIOR. 

As we sbali have frequent 09casion in the course of this paper to re: 
fer to several of the members of the drift series and as the classifica­
tion and the terms which we prefer to use at the present stage of inves­
tigation are somewhat different from those now commonly recognized 
in glacial geology, it may subserve the mutual convenience of the reader . 

1 For convenience throughout this article we shall include under tho term "drift­
less area" all that tract which is not overspreail Ly foreign Lowlders or pebbles, ex­
cluding the loess and neglecting the valley streams of sand and gravel which trav­
erse the district. 
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and ourselves to here introduce a provisional classification of th_e Quater­
nary epochs, as expressed in the interior basin. 

Epochs. Subepochs or episodes. Attendant or characteristic phenomena. 

I. Transition epoch. Not yet satisfactorily dis_ 
tiuguished from the Plio-

ceue. 

r fPrift sheet with attenuated bor-
1 First subepocb or epi- der; absence or meagerness of 

· l drift. j 
sode. coarse ultra-marginal drainage 

II. Earlier glacial Interglacial subepoch oq Decomposition, oxidation, ferro-

epoch. j episode of deglaciation. l gination; vegetal accumulation, 

I {
Drift sheet with attenuated bur-

Second snbepoch or epi-
der; loess contemporaneous with· 

sode. . l cl osmg stage. 
(Elevation ofthe Upper Mississippi 

I regionl,OOO ± feet. Erosion of 
III. Chief interglacial epoch ................ ·- ... < old drift, decomposition, oxida-

l tion, ferrugination, vegetal ac­
cumulations. 

(First episode or sub- 5 Till sheet bordered by the Kettle 

I epoch. . ~ or Altamont moraine. 

Episode of deglaciation. Vegetal deposits. 

I 5 Till sheet bordered by the Gary 
IV Later glacial Secondstageorsubepoch.l . · < morame. 

epoch. I Episode of deglaciation. 

{ 
Till bordered by the Antelope mo-

Third episode .. • .. . .. . . . 
raine. · 

l { Marked by terminal moraines of 
Later stages ...•..... __ . · 

undetermined importance. 

r
Marine deposition in the Cham­

plain and Saint Lawrence val-
V. Champlain epoch ........... _ .. _ .... _ ...... { leys and on Atlantic border; 

. · · I lacustrine deposits about the 
l Great Lakes. 

VI. 
(Marked by fluvial excavation, not­

Terrace epoch --- .. · · · .. -- · .. - .. - ...... -- .. ~ ably of the flood plains of sec-

l ond glacial epoch. 

The transition epoch is not yet sufficiently distinguished from the 
Pliocene to justify a very definite conception of its character and lim­
itations, yet there are several classes of phenomena that indicate a 
notable lapse of time between the latest known marine Pliocene de­
posits and the earliest demonstrable deposits of the ice age. A con­
siderable amount of erosion appears to have intervened between the 
deposition of the Pliocene beds of the plains and the earliest of the 
drift of that reg:ion. Professor Todd has recently identified Pliocene 
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beds as far east as Frankfort, Nebr., within the drift area and in a 
region that apparently suffered much erosion anterior to the drift. The 
deep channels of the Paleozoic region of the Mississippi basin appear 
to itidicate a stage of ele-mtion antecedent to the drift period greate•· 
than that of the present. This elevation could scarcely have been 
contemporaneous with the depression which permitted the Pliocene 
accumulations on the plains. The deep sandy and gravelly depo;,its 
of the Lower Mississippi, commonly referred to as the " orange sand," 
seem to us, in the light of present evidence, to bear testimo.Qy in the 
same direction. They have been' commonly referred to the Champlain 
epoch and regarded as products of the earlier _glacial floods, but they 
are not true glacial gravels, so far as we are able to learn, either from 
the literature of the subject or from inspection at Port Hudson, La., 
Vicksburg, Miss., Memphis, Tenn., and Columbus, Ky. Even as near 
the drift border as the latter point, in a search of the fine exposures of 
even the uppermost and latest members of the series, we were unable 
to find a single pebble that indicated ·a glacial origin. We did uot even, 
find an instance of an Archean pebble, though we do not doubt the ()cca­
sional existence of the~e, since they would presumabl,y occur quite in­
dependently of glacial agency, for the headwaters of the Mississippi and 
its branches in Minnesota, Wisconsin, and Missouri, and in the Rocky 
and the Appalachian Mountains, pass over Archean terranes, not to 
speak of the granitic gravel that might be derived from the Tertiary beds 
of the plains, which abound in crystalline pebbles. The occasional occur­
rPnce of granite and greenstone pebbles would not, therefore, be con­
clusive evidence that the gravels were of glacial origin. The distinct 
characteristics of glacial gravels are requisite, but were not observed. 
The orange sand of the localities examined is made up almost exclusively 
of residual flints derived 'from the Paleozoic formations by surface de­
composition. They everywhere bear the most striking characteristics 
of gravels of residuary origin. Secondary glacial gravels border the 
present Mississippi, and a comparison of the two classes may be made 
on the ground. It is further significant that strell!ms whose ba~ins lie 
entirely south of the glaciated field are lined in like manner with such 
gravels, whereas the tributaries of valleys filled by glacial :floods ar:e 
occupied by slackwater silt, because of the more rapid deposition of 
the glacial streams. While we, at present, incline to refer the orange 
sands and gravels of the Mississippi and tributaries to a period, or to 
periods, antecedent to the drift period proper, we here merely wish to 
open a question which seems to have been closed upon entirely inade­
quate evidence. This much at least seem!': to us certain, that the orange 
sands and gravels are not at all correlatives of the marine Qhamplain 
beds of the lake region. They are widely separated from them both in 
time and in the orographic conditions of their formation, and we urge 
that the current views be dismissed and the question reinvestigated. 
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Present evidence seems to us to indicate two main glacial epochs, 
separated from each other by a very considerable interval, during which 
an orographic change occurred amounting _to an estimated relative ele­
vation in the Upper Mi~sissippi Valley of about 1,000 feet. The de­
p<•sits of the two epochs differ fi:·orn each other more widely than could 
he anticipated on the hypothesis that both are glacier products, which 
we support in the main. The earlier drift is characterized, in tlle iu­
terior basin, b.r a wide but relatively uniform distribution, manifesting 
only occasional and feeble tendencies to aggregation in morainic ridges. 
It is "iiot iwr<lered, except in rare instances, by a definite terminal mo­
raine, but ends in an attenuated border. It is not characterized by tlle 
prevalence of prominent drumlins or other similar ridged aggregation. 
The phenomena of glacial erosion connected with it are generally feeble. 
Glacial strire are indeed present, even in tbe peripheral portion, but 
the surface of the rock is not usually extensively planwl. The wllole 
aspect of the deposit in<licates an agency \V hich spread tlle drift over the 
surface smoothly, and relatively gently, witlllittle forceful action. The 
drainage pllenomena are also of tlle gentle order. We have yet failed 
to find evidence of very vigorous drainage connecte<l with the older 
drift of the interior basin-except in·osars an<l kames, whose conditions 
of formation were exceptional-but, on the contrary, abundant proof of 
slow-moving waters and imperfect drainage, indicating low slope of the 
surface. 

The later glacial epoch, on the contrary, was characterized by strong 
glacial action, planing the rock-surface vigorously, even up to the very 
limit of its advance. The glaciers plowed up immense moraines about 
their edges, except on smooth plains whose slope was away from tlle 
ice movement. _The drainage was usually vigorous, and immense -trains 
of glacial gravel stretch away from the margin of the ice sheet, reach-· 
iug great distances down . the valleys and frequently filling them to 
great depths with well-assorted material. The vigorous action of the 
glaciers of the second epoch and the rapid drainage, in general, stand 
iu marked contrast .with the gentle action and imperfect drainage of tlle 
earlier epoch. One of the conditions that determined the distinction 
wns probably the difference in elevation that characterized the two 
epochs. 

The interval between these two leading epochs we regard as the chief 
interglacial epoch,· representing a greater lapse of time' and a greater 
change in tl;le dynamic agencies of the age tllan the several other :Inter­
glacial iutervals, or episodes of deglaciation, which mark the compli­
cate<! history of the ice age . 

.A.s belonging to the earlier glacial epoch, we recognize two drift 
sheets that have been described by tlle geologists of the respective 
States as occurring in Southwestern Obio, Southern Indiana, Central 
and Southern Illinois, Eastern and Southern Iowa, Northern Missouri, 
Eastern Nebraska, an<l Southeastern Minnesota. 
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Between these occur, at numerous points, vegetal and ferruginous 
ac~umulations and other evidences of a non-glacial interval. To this 
horizon belong the larger number of deposits described under the term 
'' Olll Forest Bed," but very many vegetal deposits so referred do not, 
in our judgment, belong the.J;e, but are referable to several distinct hori­
zons. 

We still hold as an open question the precise method of deposition of 
some portions of the drift sheets of the earlier epoch, but this does not 
essentially affect their ehronological distinctness, unless it shall l)e 
shown that the overlying sheet is contemporaneous with some of the 
deposits of the later epoch -a view toward which, at an early stage of 
our studies, we inclined, but which appears to be unsupported by gather­
ing evidence. 

The interval marked uy the vegetal deposits was doubtless very con­
siderable, though the mere accumulation of the vegetation does not 
indicate a geologically extended lapse of time. The ferrugination, ox­
idation, and decomposition of the lower stratum furnish better evidence, 
though of a class difficult of definite estimation. It seems probable 
tllat tllis interval was greater than the episodes of deglaciation of the 
later glacial epoch, though these are also marked by vegetal deposits, 
iu part.1 

The subepochs of the later glacial epocl;J. are determined by the ex·. 
istence of distinct moraines which maintain their indi,·iduality over 
wide areas. Present evidence strongly favors the view that the two 
outer moraines of the coast region, those of Nantucket and of Cape Cod, 
are strictly identical with the two leading moraines of Dakota, the A 1-
tamont and the Gary- these marking, respectively, the first and second 
subepochs of the later glaciation. The third and later stages are less 
well characterized, and their acceptance as general phases of glaciation 
of snfficient moment to he ranked with the preceding is of doubtful 
propriety. Their apparent importance grows with increasing study, 
but as yet they appear to be subordinate episodes. 

Under the Champlain epoch we include only those deposits which 
were approximately contemporaneous with the marine depositious of 
the Champlain Valley, rejecting entirely the view that the orange sand, 
loess, and general drift sheets of the Mississippi Basin belong to it. 
We are convinced that they have neither chronologie nor genetic co­
ordination with the true Champlain deposits. We believe that current 
views need fundamental modification in this regard. -

The sh.arply-cut terraces which have attracted attention and given 
name to the closing epoch have been chiefly carved from the flood plains 
of the second glacial epoch or from the lacustrine deposits of the <Jham­
plain epoch. The relatively few sllarply-defined constructional terraces 
are of the same dates. The earlier drift formations ha>e usually suf-

1 In an article in the Geological Magazine, August, 187V, p. 360, Mr. McGee has de­
scribed a thin discontinuous basal member concerning which _we express no opinion. 
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fered so much dissection and superficial modification as to greatly ob­
scure, or obliterate, the older terrace plains. Such terraces are detecti­
ble, but have usually commanded the attention of critical and expe­
rienced students onl.r- They are not usually embracell among the 
terraces that have attracted most attention and established a place in 
the literature of the subject, though there are a few notable exceptions 
to this. The terrace epoch, as here admitted, only embraces the later, 
fresh-carved forms. The obscure, worn forms probably belong to earlier 
dates, presumably the transition and interglacial epochs, in the main. 



CHAPTER l. 

·CORRELATIVE FEATVRES AND STRATIGRAPHY. 

GENERAL REL.A.'l'IONSHIPS. 

Fonn.-The driftless area takes the form of a r.ude quadrilateral, with 
unequal curved sides and blunted angles. Its four sides are not alto­
gether alike in the character, the agency, or the time of their formation, 
so that the shape, though rude, has its special meanings. But of these 
it will be fitter to speak hereafter. 

Its western margin, which forms its longest side, stretches along the 
Mississippi, reaching from near the affluence of the Chippewa River 
to the great bend of the Mississippi in Northwestern Illinois, the turn 
of "Cromwell's nose" on the eastern face of Iowa. This bonier is 
slightly. convex westward, and faces the great Iowa and Missouri Val­
ley belt of drift, the general trentl of which is curvingly to the southeast, 
thus bowing around ·the driftless area. The northern border is gently 
incurved and faces a slight lobe of drift., that, in its _backward reach, 
embraces the basin of Keweenaw Bay, to which, as a lobe, it may·bave -
owed its origin. The- east side is likewise in1lented, because it was here 

·encroached upon by the Green Bay ice tongue of the later glacial epoch. 
The southeast side is relatively short and nearly straight, if we disre­
gard its minor sinuosities. This faces the great sheet of ilrift of Illinois 
and marks the right edge of the earlier ice incursions from the Michi­
gan basin. 
· It thus appears that, in its very form, the driftless area indicates 

the encroachmei1ts it suffered on either hand, and suggests at once the 
significant relationships in which it stands to. the glacial movements 
about it. 

Loca.tion.-The relations of the area to present political divisions we 
may pass lightly, with the remark that it lies chiefly in the southwestern 
portion of Wisconsin, laps upon tlw extreme northwestern angle of Illi­
nois, and extencJ.s very slightly across the Mississippi into the edge of 
Minnesota and Iowa. If we were to exclude from it the loes:s-mantled 
portions, it would be restricted almost entirely to Wisconsin. 

Drainage relations.-Ailnsion bas alreacJ.y been made to its situation 
in the immedi~te basin of the Mississippi antl to its relationship to 
drainage systems. Its western border rests very nearly upon t'l.Je Mis-

217 
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SlSSlppi. Its northwestern angle lies near the union of the 'Chippewa 
Basin with that of the Mississippi, 250 miles from the source of the lat­
ter. In its central portion, it is traversed by one of the larger of the 
upper affiuents of the Mississippi, the Wisconsin. It thus appears that 
the tract lies not only in the very basin of the Mississippi, but embraces 
the union of two of its larger upper tributaries with it. It is worthy of 
note that several other streams bead in the drift region about the drift­
less area and flow into it. Such are the Black and Trempealeau Rivers 
from the north, and the Root and Upper Iowa on the west, while several 
others join the Mississippi 011 tile very borders of the district. There 
is but a single instance of a river having its head waters in tlle llriftless 
region and flowing directly ont of it, that exception being the Peca~ 
tonica, which starts on the southeastern edge and flows easterly to join 
the Rock River. 

'l'he valleys which enter the driftless area from the northward ex­
posed it to invasion along three notable lines, viz: The \'alley of the 
Mississippi from the northwest, the basins of the Chippewa, Black, and 
Wisconsin Rivers from the north, and the Fox River valley from the· 
northeast. To enter the region from the northwest, the ice needed ouly 
to follow the Mississippi River valley; to enter it from tile north, hav­
ing once mounted the heights south of Lake Superior, it needed on\y 
to creep down a f>Outherly slope; to enter from the northeast, it bad to 
rise scarcely more til an 200 feet above the surface of Lake Michigan to 
cross the low, broad water-shed between the :Fox and.Wisconsin Rivers, 
which, in the later epoch at least, it actually did. 

Topographic relationships.-Extending our view to its broader topo­
graphic relations, there lies 100. niiles to the east the long deep trough 
of Lake Michigan, trending southward. One huridretl and fifty miles 
to the north lies the great basin of Lake Superior, pointing southwest­
erly. One hun'dred and fifty miles to tlle west lies the trougll-like plain 
that forms the divide. between the Minnesota River Valley and the cen­
tral depression of Iowa. 

Turning now to surrounding elevat.ions,· we observe only one that 
seems of importance, and that is the· elevated tract lying south of Lake 
Superior, whose crest line is 100 to 125 miles north of tile driftless area. 
Towards the north, this highland. stretches out two arms, the one form­
ing the elevated. peninsula of Keweeuaw Point, wbicll runs· northeast­
wprd f~om a point dne north of the westernmost portion of the driftless 
area; the other, taking its origin from a point north of the northeastern 
angle of the driftless area, extends northerly and northeasterly, em­
bracing the Michigamme water-shed and termiuating in the Huron 
Mouutaius. Between these rude arms lies tlle Keweelu1wau Basin, over 
against wllich, on the south slope, towards the driftless area, lie the 
Chippewa and Wisconsin Valleys. The crest altitudes of tile highlands 
reach ;:tbont 1,200 feet above Lake Superior, or 1,800 feet above the sea. 
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The basin of Lake Superior descends 1,000 feet below the surface of the 
water, giving a total relief of 2,200 feet. The bed of Lake Michigan is 
about 000 feet below its surface, or 2,100· feet below the highland sum­
mits. The basins of Lakes Superior and Michigan, therefore, deRcend 
400 feet and 300 feet, respectively, below the sea level. 

It should perhaps. be observed that west of the driftless area, between 
the Mississippi River and the central basin of Iowa and Minnesota, 
there is a somewhat elevated tract of laud. This is not conspicuous to 
the ese upon the ground, nor in the profile, nor indeed in its effects 
upon the drainage s,ystems. Yet it appears, perhaps fallaciousl_y, to 
have been influential in determining the course of glacial movement. 

Summarizing broadly the topographic relations of the driftless area, 
there lie to the north and northeast the highlands of Northern "riscon­
sin and-Michigan, and still farther to the north the great basin of Lake 
Superior·; on the east, the depression of Lake Michigan; on the west, 
the shallow basin of South Central Minnesota and'Central Iowa; while 
through the driftless region itself there course the great streams of the 
region. 
· Expressed in terms of altitude above the sea level, the following are 

the salient facts: The Mississippi River enters the driftless region at 
an elevation of about 650 feet above the.sea and leaves it at about 575 
feet. The average elevation of the driftless area, if reduced to a uni· 
form grade by removing hilltops and filling valleys, is estimated at 
about 900 feet. The average summit le>el would probably fall a little 
short of 1,200 feet. The effective height of the highlands lying between 
it and La,ke Superior is from 1,700 to 1,800 feet. The summit level be­
tween it and the central basin of Iowa and Southern Minnesota is about 
1,300 feet. The surface o.f Lake Superior is 602 feet above and its bottorn 
<100 feet below the sea level. The surface of Lake Michigan is 582 feet 
above and its bottorn 300 feet below the level 6f the sea. 

:From the foregoing it appears that the relief of the region, broadly 
viewed, is not great. The highlands north of the'driftless area rise only 
ab(mt 800 feet or 900 feet above the average level and arc 100 miles 
away, so that the gradient by which they are reached is gentle. The 
summit level in Eastern Iowa and Minnesota barely rises 400 feet abo,·e 
the average altitude of the driftless region. The average surface of 
the driftless region is but about 300 feet above th~ surface of the Great 
Lakes, and is 1,200 or 1,300 feet above their lowest depths. We find 
onr greatest contrasts between these depths and the highlands that 
lie in the angle between the two great lakes, where a range of 2,000 
feet is found. 

STRATIGRAPHY OF THE REGION. 

The northern limit of the driftless area lies adjacent to the margin of 
the Archean tract of Northern Wisconsin, hut barely reaches it on the 
Black and Wisconsin Rivers. It embraces several of the Archean 

.·-'--
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knobs-that protrude through the Paleozoic formations, themost impor­
tant of which are the Baraboo quartzite ranges. From this basal Ar­
chean series the formations rise to the Niagara limestone, which is the 
lates-t lithified deposit embraced within the region. The included for­
mations are the Potsdam sandstone, the Lower Magnesian limestone, 
the St. Peter's sandstone, the Trenton and Galena limestones, the 
Hudson River shales, and the Niagara limestone. The Archean for­
mations at the base embrace, as we would classify them, Laurentian 
gneisses and Huronian quartzites and porphyries. The accompany­
ing map, Plate XXIV, shows the distribution of these several formations. 
It need only be remarked that they- curve concentrically about the 
Archean nucleus to the north, and so traverse the driftless region, com­
ing in from a glaciated territory on the one side and passing out into a 
glaciated region upon the other. This is a condition extremely favor: 
able for comparative studies upon the two regions. The whole group 
of Paleozoic beds dip gently to the so nth west. 
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CHAPTER II. 

. PRE-GLACIAL DEGRADATION AND RESIDUARY PRODUCTS. 

EROSION· AND ITS RESUL'I'S. 

In remarking that the several Paleozoic formations curve across the 
driftless area we have idealized the facts. An inspection of tl~e map 
shows that the several formations exhibit tortuous contours as well 
as dissevered patches. These are the manifest results of drainage ero­
sion. There was a time when the several dissevered areas of each for­
mation were united into a common sheet, which embraced all the now 
scattered remnants and spread out an undetermined distance beyond. 

Erosion history.- If it were possible to satisfactorily ascertain the 
lapse of time through which the region under consideration had been 
subjected to erosion previous to the glacial period and to determine its 
relative altitudes, it would be very serviceable, but only tentative opin­
ions are permissible. We attach little weight to any view which we 
may form from the inadequate data now at command, but. even a dis­
tant and imperfect approximation to the truth may be better than a 
mental blank. · 

As previously remarked, the latest marine formation of which we 
have any known remnant is the Niagara limestone. We have no di­
rect and positive evidence that the region was submerged beneath the 
sea after that time. The limestones of the early p~trt of the Niagara 
epoch cap the Blue Mounds and similar eminences that are. scattered 
over the southern portion of the area and around its borders. But, 
though uo higher formation has been found within the district, the mid­
dle Devonian strata now reach within about 35 miles of its south western 
border, and very possibly they once lapped upon it, though it seems to 
us improbable that the entire region that is now uriftless was then sub­
merged.1 The Carboniferous strata reach \vithin about 40 miles of the 
southern limit of the district, but we :find no satisfactory grounds for 
believing that they ever overlay any part of it, though they probably 
closely approached its southern border. 

Whatever may be true in respect to the extent of the incursion of the 
Devonian and Carboniferous seas, all theevidence that we are able to 

· 1 Geology of Wisconsin, Vol. I, p. 260. 
221 
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to gather indicates that the region during those ages had but a slight 
elevation abo\Te the sea level, and hence was hut feebly affected by sub­
aerial erosion. This may not have been equally true of all stages, but 
it appears to be indicated for all stages known to us. 
· Concerning the interval that elapsed between the Carboniferous and 

the Cretaceous depositions there is little evidence. In the Cretac~ous 
period the sea appears to haYe reached almost to the we'stern bonier 
of the area, if, indeed, it did not actually encroach upon it, since in Iowa 
and Minnesota deposits believed to be Cretaceous are found in close 
proximity, though the continuous body of the formation lies 200 miles. 
farther west. When we consider the present topographic a~titude of 
the surface and remark the fact that the supposed Cretaceous deposits 
of Minnesota lie at elevations higher than the driftless area, we are 
Jed toward the belief that tbe Cretaceous seas must have overwhelmed 
the entire region; but when we consiaer that since the Cretaceous 
deposition the interior plain has been greatly lifted on the west and 
the surface inclination of the region reversed, and when we consider­
the further 1acts that no certain remnants of the formation have been 
found, and that the surface sculpture of the driftleE's region presents a 
different aspect from that of the Cretaceous regions of equal altitude 
aml~:;lope and indicates a higher antiquity, we are leu in the opposite 
flirection, and the preponderance of evidence seems to us to lie in this 
line, our judgment being-though we attach little weight to it- that 
the Cretaceous seas found their limit near the western border of the 
region in question and did not make notable deposits upon it. 

But, whether submerged or not during these earlier ages, the drift­
less area was probably a low lyiQg tract until the 'l'ertiary age, and 
hence was suQject to but slow and slight erosion_. Some denudation, 
however, took place previous to this age. If theoretical considerations 
did not force us to assert this, we should be compelled to do so by the 
evitlence which the unconformity of the Carboniferous strata upon the 
earlier ones presents in Illinois and Missouri, and by the manner in which 
the Cretaceous bf'ds are inserted in hollows and gorges of the Paleozoic 
beds in Minnesota and elsewhere.1 But, with ?ll these qualifications, 
there can be little doubt- that the present reliefs of the surface were 
mainly the work of post-Cretaceous times. Tbe final sculpturing took 
place in the late Tertiary or in the period of transition to the glacial 
period. Most geologists, we think, would be inclined to regard the 
whole work as later and briefer than we do. But so long as the region 
lay near the sea level, as we infer that it did while the pre-Tertiary 
formations were being distributed about it, the work of denudation we 

1 Geology. and Natural History Survey of Minnesota, 1872-'82, Vol. I, pp. 233, 21:l0, 
307-311, 343--345. It is not clear to us that the filling of gorges may not have been 
due in whole or in part to fluvial action in the depressed state of the surface attend­
ing the Cretaceous period, and therefore does not necessarily signify marine sub­
mergence. 
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conceive to have been only slight and rather of the nature of general 
degradation than of sculpturing into bold relief. This lnst.could only 
have taken place when the region had become lifted so as to enable the 
streams to channel their course>~ deeply. 

That such elevation took place before the drift p,eriod there is ample 
evidence. The old channel of the Mississippi was fl;'om 100 to 150 feet 
below. its present bed, as shown by the artesian wells at La: Crosse, 
Prairie dn Chien, and Dubuque. The artesian well at La Crosse shows 
loose material to the depth of 170 feet; the one at Prairie <ln Uhien, to 
the depth of 147 feet; the one at Dubuque, to the depth of 164- feet. 
The surface ·or the last is about 32 feet above low-water mark in the 
Mississippi, which makes the old bottom lie 132 feet below low-water 
ruark. 1 This well is upon the western side of the valley, and perhaps 
does Bot represent the maximum depth. The well at Prairie du Chien 
is about 35 feet above low-water mark, making the rock bottom 112 
feet below it.2 The one at La Urosse is 46.5!:1 feet above zero of the 
Government gauge, which is 643 feet above the sea.3 The old bottom is 
here, therefore, l 24 feet below zero of the gauge and 51!) feet above the 
ocean. It is clear, therefore, that the .Mississippi formerly ran in a 
channel more than 100 feet below its present one, the average of the 
above depths being 123 feet, while the average depth of tlJe.river is prob· 
ably less than a doz~n feet. Major Warren has called attention 4 to the. 
llepth of Lake Pepin as indicating the same general fact. On the border 
of Lake Koshkonong, 30 miles east of the driftless region, a well shows a 
former canon at least 330 feet below the present surface of the Hoek 
River, or only about 450 feet above tlle ocean. Rock was -not reached. 
At Jahesville, about 15 miles south of this, a well shows 350 feet of drift, 
which, subtracting for its elevation, indicates that the river is '~here flow­
ing 250 feet ·above its old channel, which was about 530 feet above the 
sea. As rock appears at the surface within a short distance of eac~ 
of these wells, it is not improbable that the maximum depth of the old 
valley was greater than that here indicated; indeed, the well at Lake 
Koshkonong makes it clear that this is true at Janesville. The valley 
drift is probably more than 400 feet deep east of that city. These facts, 
supported by other less tangible evidence>~, indicate either that the an­
cient streams bad cut their channels to a lower gradient than at present 
or that the old elevation was greater. The old channel at Koshkonong 
is about 160 feet below the surface of the corresponding point on the 
Mississippi. The old Hock River, if running on a bee line to the Gulf, 
would have had an average fall of less than ~.;ix inches per mile, under 

1 Data furnished by H. S. Hetherington, Esq., of Dubuque. 
• Hon. Horace Beach, besides furnishing the above data, adds that two additional 

"ells, sunk on ground 2fi feet lower, reach rock at about the same level. 
3 Data furmshed by Pan! Heyse, Esq.,.city surveyor, La Crosse. 
• Report of the_ Chief of Engineers, H:!78, Part II, p. 911. . 
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the present status of the crust and of the sea, or only four or five inches 
per mile by the actual course of the river, a possible condition of things, 
but not a probable one. 
If we turn to the mooted evidence derivable from the adjoining Great 

Lakes and recollect that their beds are 300 feet and 400 feet respectively 
below the sea level, _we find it necessary to belie.-e either that the basins 
of Lakes Michigan and Superior were elevated some 500 feet above 
their present altitudes or that glacial corri.l.sion or crust depression has 
beeri a large factor in their prodnction.1 · 

When we conside,r the very considerable amount of erosion which the 
Tertiary deposits in the Mississippi Valley lJelow the mouth of the Ohio 
have suffered, as well as that which is displayed in the lJasins of the 
western tributaries, and when we recollect the extraordinary denuda· 
tion of the Tertiary rocks of the western mountainous region, whose 
great orographic movements appear to have been felt in their vanishing 
effects throughout the Mississippi Basin, we find additional reason for 
lJelieving that a very notable me!tsure of erosion was accomplished 
during the closing stages of the Tertiary age and the transition period 
to the glacial epoci.J. 

Whatever doulJt may attach to the time, or times, at which the terri­
tory, now d1'iftless, emerged from the sea, that doubt does not lie 
against the character of the surface first presented. It undoubtedly 
arose as a plain of ·great smoothness and regularity. Quite possibly 
the undulations which the strata now present were in some measure 
then developed; but, even if as great as now, they could scarcely have 
lJeen detected b,V tbe eye. When first lifted, the plain was probably in­
clined to the sontb arid southwest, the direction in which the beds now 
dip. The greatest elevation w"as at the north, centering in the Archean 
nuclet'ts. A subordinate axis of elevation doubtless then, <is uow- but 
less developed-extended southward through the central portion of 
Wisconsin, giving the westerly element of the inclination of the beds. 
These initial inclinations determined the general course of the drainage 
of the region, while the minor undulations determined the tracks of the 

· subordinate streams. The details of the establishment of the drainag·e 
system do not especially concern us here. It is only needful that we 
conceh"e a freshly emerged, smooth surface, gently inclined to the south­
ward and south westward and ver.v gently undulatory. Upon this the 
rain and running waters })egan their work of attrition and solution, and 
sculptured tlw present reliefs out of the original plain. The work was 
almost purely one of degradation. The amount of upbuiluing was too 
trivial to deserve attention, except in the partial filling of certain of the 
valleys. 

The channelings which the surface suffered form an inviting though 
quiet field of study. '.rhey lack the overpowering immensity of the vast 

1 For a discussion involving details, sec Geology of Wisconsin, Vol. I, pp. 253-259 
and 288-291. 
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erosions of the West. They do not stagger our imaginations by the 
magnitude of the phenomena. So, as well, they do not discompose our 
study with sentiments of awe and wonder. They lie within the range 
of easy comprehension. They are unimpassioned lessons on the meth­
ods by which the once· expressionless face of the land was carved ~nto 
a pleasantly diversified relief. We will first study the channelings and 
then the reliefs. 

OlutnneUngs of the region.- As the rains fell upon the original plain, 
their surplus waters were turned hither and thither Liy trivial inequali­
ties as they sought their way down its gentle slopes or were controlled 
by the gentle roll of its slightly undulatory surface.· By the gathering 
of rills into rivulets, rivulets into brooklets, and these into larger and 
still larger streams, there de,·eloped upon the surface a ramification of 
drainage lines wllich joined each other as the twigs join the branches 
and the branches the trunk of a tree.· When these lines were once 
fixed, the surplus of subsequent rains· followed theni and they became 
permanent guideways, which led the waters away to the ocean. Witll 
the lapse of tiine and the rise of the land, these were worn deeper and 
deeper until a complete channeling of the surface into ravines and val­
leys was accornplished. 

In the driftless region by far the greater number of valleys belong to 
this simple class, being the products of erosion alone. Another class 
was developed at a late stage by the partial filling of these erosion val­
leys. Tllese two classes may be considered in the order of their evolu­
tion. 

Two varieties also arose from the character of the strata out of which 
they were carved, the one embracing those which were excavated from 
homogeneous rock, the other those which were .carved from strata of 
unequal powers of resistance. Deferring the consideration of the last, 
which may be regarded merely as a modification of the first, let us ob­
serve the characters of valleys of simple erosion in homogeneous strata. 
Starting on any of the summits, which still show the early stages of de­
velopment of the valleys, we find first on the descent a gentle depres­
sion, leading down to a well-defined ravine. These ravines, in 'the 
district in question, almost universally have g-racefully-turned convex 
sides, curving down to a sharp valley on the one side and leading 
gently back to a well-defined summit on the other. vVe rarely find 
here the straight-Riderl, angular-browed, and V-shaped trenches that . 
abound in the drift region. These beautifully rounded contours, as­
sociated with sllarp ravines, signify three conditions: (1) a moderate 
relative elevation- for, if the altitude had been greater, the contours 
would be more abrupt and harsher; (2) moderate rainfall-.by which 
every portion of the surface was softened and harmoniously degraded ; 
(3) a considerable lapse of time, sufficient to etch deeply into the 
original plain, soften every contour, and reduce the whole to a sea of 

G GEOL--15 
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flowing curves; and yet the measure of time was not unlimited, else 
the steep gradients would have been reduced to low slopes or to actual 
base levels of erosion . 

.As we descend these ravines, they at first decline more rapidly; their 
slopes become steeper and more convex. In many instances the ravines 
cut into the rock, their freshets having swept away all superincumbent 
soil. This is clear proof that, in these instances, the work of degradation 
is still in rapid progress. In other instances the troughs of the ravines 
are filled with soil and surface debris, indicating that, though the work 
of degradation is still in progress, the waters bring down from the slopes 
at least as much detritus as the waters of the ravines can carry away. 
When the soil of a ravine is equally deep with the soil of the slopes 
and upland, we may safely infer that there is an equilibrium between 
the wash from the slopes and the transporting agencies of the ravine, 
and that the degradation of t~e surface is proceeding uniformly and. 
harmoniously. When the rock is denuded, as in the former case, we 
may safely infer that the erosion is progressing more rapidly in the ra­
vine than upon the slope, and that the former is deepening itself and 
increasing the inequalities of the surface. Occasionally the ravines are 
occupied by a greater depth of earthy detritus than the slopes and 
crowns, which clearly indicates that the ravines are overburdened by 
wash from the slopes and that the inequalities are lessening. While all 
these varieties are present, we estimate that the deepening of the ravines 
preponderates and that the inequalities in the upland tracts are being 
increased. 

Flat-bottomed valleys.- Descending these ravines, their slopes decline 
less rapidly and their narrow bottoms widen and flatten until they 
grade into smooth-bottomed meadows, stretching from base to base of 
steeper ascents on either side. We may conceive the slopes of the ra­
vine to have receded and a flat bottom to have taken the place of the 
mere, simple crease of the ravine. 

The widening of the bottom is due to the low gradient which h"as been 
here reached in the progress of excavation of the valley. The running 
water now cuts but slightly on its bottom, because with the low slope at 
which it has arrived it is unable to promptly remove from its bed all the 
material which the steeper valleys at its head and the slope on either hand 
throw into it in times of freshets and heavy rains. In its struggle with 
this material it wanders to and fro and widens its valley more than it 
deepens it. This condition is an expression of the facts that erosion is 

· measurably ancient and that the present rate of deepening of the val­
ley is relatively slow.' 

Silt-bott.mned valleys.- Flat-bottomed valleys of this class grade down­
ward insensibly into wider and flatter bottonis, which have had their ori-

-
1 An acknowledgment is due to the suggestiveness of tho discussions of Powell, Gil-

bert, and Dutton relative to the erosive degradation of the western mountainous 
and plateau regions. 
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gin in the actual silting up of previously deeper channels. On nearly all 
the tributaries of the Mississippi, the Wisconsin, the Black, and the 
Trempealeau Rivers, the lower reaches are found filled up with fine sedi­
ment laid down with beautiful lamination, stretching- from bluff to blufi· 
and forming level. plains of great fertility. We have no positive meas­
urements of the depths to which these tributaries have been thus silted, 
beyond the fact that the filling exceeds 50 feet in many instances; but 
by safe inference, from facts presently to appear, the depths in the larger 
valleys must have been double this amount at least. 

If we follow down these silt-bottomed valleys to their debouchure into 
the broad valleys of the primary streams, the Mississippi, the Wiscon­
sin, the Black, and the Chippewa, we find similar incontestable evi­
dence that these were once much deeper valleys than now. These, how­
ever, have been filled by sallll and gravel instead of fine silt. Following 
these back to the .borders of the driftless area and beyond, we find 
their sand and gravel bottoms leading up to and ending against the great 
moraines of the later glacial epoch, and bearing incontestable evidence 
that they had their source ilil the icy floods that poured forth from the 
great glaciers of that period. The explanation of the whole series of 
bottom~filled valleys hangs here. The glacial streams poured forth into 
these channels a greater load of detritus than the waters were competent 
to entirely carry away, and it gradually lodged along the valley, building 
it up and ponding back the tributary streams, whose slackened currents 
were then unable to bear their lesser burden of silt, which was thrown 
down in the form of the laminated deposits above described. Thus, as 
the main arteries were filled with glacial gravels, the lateral tributaries 
were built up with finer silt. 

Diversities due to stratal inequalities.-We have thus far neglected 
the diversities which spring from the inequalities of ·stratal resistance, 
which is a most important feature in this region. As above indicated, 
the st~:atified series embraces an alternation of soft beds-sandstones 
and shales-and of more resistant ones-the limestones. The easy ex­
cavation of the perishable strata caused a more rapid descent of the 
valleys in crossing their edges, and a more rapid lateral undermining 
9f the slopes, resulting in wider valleys where the softer strata occur. 
The result is a rapid descent of the valley in crossing the horizon of 
each softer bed and the development along the valley sides of steep 
slopes or of vertical escarpments. The bare bluffs that face the prin­
cipal streams are largely due to this cause. There are not infrequent 
instances, however, in which the meandering of a stream undermines 
the valley side and develops a precipitous cliff in resistant rock, in 
entire disregard of the inequalities of stratal endurance. Such are some 
of the bluffs along the Mississippi and many of its tributaries. 

1\.s the result of the easy erosion of the friable sandstones from be­
neath the capping of more resista:nt limestones, vertical cliffs and mural 
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escarpments stand forth along the slopes of mauy of the valleys, and 
castellated outliers crown the brows of many of tlle llills like the feudal 
battlements of the l'{.lliue. 

FIG. 27.-Erosion tower (Trenton limestone). Turkey ltiver bluff. 

Longitudinal profile of valleys.- Tlle facts which we llave previously 
stated, namely, the glacial filling of the great valleys, the pondiug back 
and silting up of the tributaries, tlle formation of flat bottoms by an ap­
proacll to base level, and tlle easy erosion Of the softer strata, combine 
to give to many of the valleys of the region a special form of longitudi­
nal profile that deserves notice. In tlle lower courses tllc slopes are 
low, an<l, in many instances, so continue well up to tlle headwaters of 
the streams, which rise frequently in springs at the base of an amphi­
theater of bills. From these points tlle valleys rise up promptly from 
one hundred to tllree hundred feet, to the summit level. · 

This it> more especially trne of tlle northern portion of the district in 
tile horizon of the Potsdam sandstone, where the erosion bas progressed 
relatively farther than in the southern region. The streams there have 
more extensively approaclled the meandering stage of degradation and 
the divides have been narrowed to sllarper and steeper ridges. 

ln this respect the valleys of the driftless area stand in marked con­
trast with those of the surrounding newer drift regions. The valleys 
of the latter reach back by very moderate gradients to the divides on 
wllich, rather than at the base of which, they rise. They often run in 
shallow, scarcely depressed valleys, which bear in every contour the 
impress of recency and immature development. 

The absence of falls in the drijtless region.-The alternation of the h&rd 
and soft strata of this region furnishes a combination most facile for 
the development of cascades and falls in the course of the streams. 
Notwithstanding this, there is not a notable instance of such a phe­
nomenon within the region, if we except tlle Black River Falls, which are 
embraced in valley drift. There are a few instances of low rapids, but 
they are rare, and a few small streams descend tlle quartzite ranges of 
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Baraboo with precipitous rapidity, but these scarcely rise to the grade 
of exceptions. This rarity, not to say absencl:', of falls is in contrast 
with their frequency in the adjacent drift-covered region. If we de­
scribe a belt around the driftless area equal to its own width, it will 
embrace a score of notable falls. 

Now falls are the indices of youth. They are the expressions of rapid 
erosive activity, and that very activity hastens their disappearance. 
In obdurate formations they may have a greater endurance, but- in soft 
strata their life is geologically short. In Tiew of this fact, t.he presence 
and absence above noted teach us that the degradation of the drift­
less region has passed beyond the time of youth which permits cas­
cades and falls, while the adjacent drift region has renewed its youth, 
through glaciation, in the formation of new valleys and new stream 
channels which have not yet passed tlJe acth'e stage of cascade ero­
sion. 

FIG. 28.-Topographic old age (uriftless area). FIG. 29.- T opographic youth (drift area). 

Rarity of constricted gorges.- Concordant with the absence of ca8cades 
is the rarity of constricted gorges. There are ma.ny deeply channeled 
valleys; indeed, these are characteristic of the region; but they are 
almost universally broad and capacious, and have been produced less by 
direct cutting dowu of the strata than by lateral wear due to the mean­
derings of streams in flat-bottomed valleys. Nowhere within the drift­
less region have we observed an instance of a constricted valley, indi­
cating sharp, rapid channeling of the strata. Ou the very border, how­
ever, in the edge of the drift, are the remarkable dells of the Wisconsin 
River. Tl.lis is one of numerous instances in t!Je drift region where a 
river has been forced to develop a new channel because of the obstruc-
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tion of its old one by the ice incursion. Since the glacial epoch the 
Wisconsin River has eroded a new channel and developed those excep­
tionally beautiful forms of fluvial corrasion which have made it a well­
merited attraction to lovers of natural phenomena. 

FIG. 30.- New channel of the Wisconsin River, "The Dells," near Kilbourn. 

SPECIAL INSTANCES OF VALLEY SCULPTURE. 

The Mississippi Valley.- The channel which the Mississippi River has 
cut across the driftless region is worthy of special attention, not only 
for the interest that attaches to its features themselves, but because 
of the remarkable contrasts which the valley presents in the several 
portions of its course. 

In the glaciated region above the terminal moraine of the later glacial 
epoch, that is, above Minneapolis, the river runs through a drift plain 
not greatly depressed below the surrounding country. Below the mo­
raines of the later epoch, between St. Paul and the edge of the drift­
less region, its channel is not markedly different from that in the drift-

. less region, being but slightly modified by the mantle of drift thrown 
over it. Below the driftless region, it again holds its course for a dis­
tance of nearly 300 miles through a broad drift plain whose surface re­
liefs are inconspicuous. Through this plain it has cut a wide trench, 
averaging about 150 feet in depth. Beyond, it skirts the drift plain for 
nearly 100 miles, occupying a similar channel. Below this it enters 
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upon its great lower flood plain, 50 to 80 miles in breadth, cut into the 
sheets of loess and orange sand that formerly filled the valley. The 
special channel iJ;J. all t)lese portions, except that between St. Paul and 
the limit of the driftless region, is of later origin than that of the drift­
less region, which is really the Ollly remnant of the ancient river left 
us. The general course of the stream is, with little doubt, that which it 
has had from a date much antecedent to the glacial epoch. But dur­
ing that remarkable catastrophe its upper and lower regions were filled 
with drift and the drainage floods swept along courses from 200 to 600 
feet above the levels of the present stream. Subsequently the special 
trench through which the stream now meanders was excavated, whether 
by one act, or more, we need not here consider. That this re-location 
does not. correspond accurately with the earlier one is clearly shown by 
the rock barriers it bas already discovered in its re-excavation. In the 
driftless region, however, the old cbannel remained unfilled, and there 
alone are we able to study, untrammeled, its ancient features, masked 
only by the slight mantling of loess and the slight degradation of the 
glacial epoch. 

In the simplest view, the valley is a trench cut from 300 to 600 feet 
into the strata. In general, its walls are steep and its slopes relieved 
here and there by precipitous faces ; but it is everywhere interrupted 
at short intervals by lateral valleys joining it ou either side. These 
partake Qf its own characteristics in all their details. They only differ 
from the great channel itself in the element of magnitude and in the 

· degree of progress they have made in the process of degradation. They 
manifestly form members of a common series having an origin all(l a 
history in all essential respects alike. The relations between the gorge 
of the Mississippi and its tributary valleys afford no ground for attrib­
uting the origin of the one to any conditions-whether of time, or of 
evolution, or of denuding agency-essentially different from those to 
which the 6thers were subjected. We say no essentially different con­
ditions. If we descend to minor considerations, some distinctions will 
be observable. We havebefore noted that the Mississippi and several 
of its leading tributaries, springing from the drift-bearing region, have 
valleys partially filled with glacial flood products. One result of this 
filling was to cause the streams to meander from side to side of their 
risi~g flood plains and to impinge npon the bordering cliffs, which they 
frequently undermined, destroying their slopes and leaving mural es­
carpments facing the channel. Along the Mississippi and along the 
tributaries thus filled, these freshly-formed faces are more common than 
along the tributaries not so afi'ected by glacial floods. The total effect 
of this action, however, is relatively trivial. . The projecting points of 
headlands were cut away in moderate measure; but the measure is only 
moderate. The remnant curves of the surface enable us to easily re­
store the original outline and to estimate with confidence the amount 
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of cncroacllment. Fig. 31 illustrates a series of truncated headlands 
facing the valley at the point now occupied by Lake Pepin. 

FIG. 31.-Truncated headlands, Lnke Pt•pin. 

The width of the interbluff valley is from one and one. fourth to seven 
wiles. The avera.ge width along the edge of the driftless region is about 
three and one-fourth miles. The bottom is essentially plane. The sides 
rise abruptly on either band to heights of200 to 600 feet. Its capacity is 
estimated to be such that it would require a layer 25 feet thick to be taken 
from the entire surface of the driftless area to fill that portion of the 
trench which lies along its border. Fig. 32 is a photographic sketch of 

FIG. 32.-Trench of the Mississippi near its entrance upon the driftless area. Three miles wide ; 400 
feet deep. 

the valley as seen at r,::~ke Pepin. near where it enters upon the driftless 
area. Fig. 1, Plate XXVI, is a composite profile of the valley, forme1l 
by a combination of the profiles given by General Warren, reduced to 
a less exaggerated scale.1 

The valley ofthe Wisconsin is but a lesser twin of the Mississippi. 
Its glacial flood bottoms have an average width of about three miles; 
its blufl's on either hand rise to average heights of about 375 feet. Its 
capacity is estimated to be such that it would require a la~·er of eight 
and one-half feet to be taken from the entire surface of the driftless 
region to fill the portion of the trench that lies in it. Its tributaries 
enter it by broad, flat-bottomed valleys in perfect accord with itself. 

1 Report of Bvt. Maj. Gen. G. K. Warren , Corps of Engineers, upon "Bridging of 
the Mississippi between St. Paul, Minn., and St. Louis, Mo.," 1876, Part II, pp. 900-
1125; diagrams 1 to 29. 
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Fig. 2, Plate XXVI, is a composite profile of the Wisconsin River Val­
ley compiled and reduced from Warren's profiles.! 

The same essential characters are pre~:~ented by other tributaries. In 
the northern portion of tLe district, occupied by the Potsdam sand· 
stone, the erosion of tLe tributaries Las progressed more rapidly, as 
above noted, and the valleys are relatively more capacious and present 
features concordant with the advanced degradation of the region. But 
when the conditions of excavation are considered these differences of 
features are demonstrations of concord rather than otherwise, since 
concord implies conformity to conditions of excavation, whetLer those 
conditions be of age or of ease of degradation. 

Along iLe great rivers of the region tl1ere are many fine illustrations 
of combined aueient and modern erosion-contours. 'l.'Le ancient contours 
find expression in curves and moderate sloprs, or, iqhe differences iu tLe 
resisting power of the strata are so marked as to develop jutting cliff's 
by the sapping of the softer formation, these are worn and ragged by 
the long wratheriug to which they have been exposed. The newer 
contours find expression in abrupt declivities, fresh rock surfaces, and 
steep talus slopes. A beautiful illustration of the two iu combination is 
presented by the "Sugar Loaf" at Winona, of which Fig. 33 is a sketch 

FIG. 33.- Comuiu~u ancient and modern ero•ion contours. "Sugar Loaf," neat· W moua, Minu . 

from a photograph. On the right slope are the steep but symmetrical 
curves of the old erosion surface, on the left the precipitous rock face 
and the fresh talus slope of the later one, the two being separate£! by a 

1 Report of Gen. G. K. Warren, Corps of Engineers, upon the "Improvement of the 
Water-Transportation Route from the Mississippi to Lake Michigan along the Wiscon­
sin and Fox Rivers," 1876, Part II, pp. 189-298; Plates I to IX. 
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~harply defined line. At the left of the sketch is shown the Mississippi, 
the agent which, in a not distant age, undermined the foot of the" Sugar 
Loaf" and carried away its northern half. 

The reliefs of the region.-All the reliefs of the region have been de· 
veloped by the sinking of the drainage lines into the original plain .. The 
forms of the reliefs are, therefore, but the complements of the depres­
sions produced by erosion. Only in the remotest degree can we discern 
that they arise from any other source. There are certain slight undu­
lations of the strata, which, perhaps, originally corresponded to similar 
slight undulations of the surface when it arose from the sea and when 
first the drainage lines were located upon it. Thus very slight swells 
may have shed the waters into the slight depressions, and to that ex­
tentdetermined the courses of the streams. When once fixed they sunk 
themselves into the strata, carrying down with them all their tributa­
rias, even to their smallest ramifications. In the process of degrada­
tion all the original surface undulations have been carried away, and 
they are not now features of the landscape. But the divides thus de­
termined remained permanent and coincide with the greater ridges of 
the region. The inost noteworthy example that seems to fall under this 
class is Military Ridge, which runs across the region in an eastcwestcrly 
direction immediately south of the Wisconsin River, constituting the 
water-shed between it and the affiuents of the Rock River. It is a not­
able fact that the head branches of the Rock River take origin along 
the south slope of this ridge for a distance of 100 miles. It is probable 
that the original courses of most of the leading streams were determined 
by such slight undulations of the original surface and that the present 
divides correspond with the original swells. 

Forms of ridges.- Originating in this way, it is not difficult to under­
stand how the drainage developed the dendritic system of valleys which 
characterizes the region. As these sunk deeper and deeper with the 
progress of erosion, the intermediate spaces were left standing forth 
in relief. In process of time t.hese became the hills and ridges of the 
region. A typical ridge of the region consists, therefore, of a central 
elongated elevation more or less irregular, whose sides are flanked by 
a series of spurs, themselves supported by secondary spurs, so that the 
main ridge is buttressed and rebuttressed, until the series terminate in 
points jutting out into the adjacent main flanking valleys. One of the 
most typical instances of this structure is presented in the dividing ridge 
between the Kickapoo and Mississippi Rivers. Both have cut their 
channels deeply into the Potsdam sandstone. Between them there 
rises a massive ridge mounting up 400 to 700 feet above their flood plains. 
The s·ummit is rounded and gently undulating, relieved here and there 
by projecting outliers of rock. From this central massive ridge there jut 
out on either band stout, complex spurs, dividing into lower and subordi­
nate ones in succession, until finally they drop down on either hand to 
the flood plains of the Kickapoo and the Mississippi. In plan, its con­
tours resemble a deeply-lobate, compound pinnatifid leaf. The geological 
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map plate conveys to the geologist, perhaps better than a contour map 
can, the character of this and similar ridges of the region. 

This general type of structure presents, within the area under con­
sideration, all stages of degradational development. In some districts 
there are broad ridges, on the summits of which the drainage has devel­
oped only the initial stages of this system of sculpture, and the crest 
plain is only pleasantly relieved of its monotony. Much more fre­
quently, however, the process has extended so far as to give diversity 
to the region in well-rounded hills and ridges, with contours flowing in 
broad, graceful curves. But in some districts, especially in the sand­
stone regions, where the softness of the formation has hastened the 
progress of degradation, the inter-fluvial ridges have beeu cut back to 
sharp, abrupt crests, often deeply dissected, developing acute peaks and 
concave sky lines. 

J<'IG. 34.-Ridges developing into peaks. Baoe level of erosion in the foreground. Near Ettrick, Wis. 

By the further progress of the same processes of erosion, the ridges 
are cut across at intervals along their courses, leaving scattered lines 
of hills as representatives of the former continuous ridges. This stage 
may be seen in the northern part of the district, where the elevated lands 
terminate in isolated hills on the plains of Adams, Juneau, and Jackson 
Counties, of Wisconsin. 

FIG. 35.- Isolated erosion bill, limestone crowned; shows also ancient and recent erosion contours, 
"Barn Bluff, " Red Wing, Minn. 
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In the final reduction of these isolated bills there have arisen some 
very curious erosion forms, carYed mainly from tbe Potsdam sandstone. 
The bills wben first diHsevered from the massi\•e ridges, with whiclt 

FIG. 36.- Rectangular erosion fm·m; Potsdam 
sandstone; limestonA crown removed. "Bee 
llluff, " northeast quarter of drift-less area. 

they were formerly connected, ap· 
pear tl) have been mainly capped 
with Lower Magnesian limestone, 
·wltich is, on the whole, more resist­
ant than the underlying sandstone. 
A first stage of the degradational 
development consists of a protect­
ing crown of resistant li mestoue, 
valorously maintaining itself wltile 
the beds around and below are yield­
ing to degra<lation. The result is 
an isolated, steep-sided llill. For a 
suitable illustration we have gone 
just outside of the limits of the drift­
less region iuto the thin drift tract, 
from lack of a suitable photograph 
of one within, but equally good illus­
trations exist. At a further stage 
of degradation, tlte cap of lime­
stone has beeu entirely removeu, 

with its soil and vegetation, aud there remains ouly the pedestal of 
sandstone. Tile upper portion of this, llowever, appears ofteu to have 
acquired unusual solidity by solu­
tions percolating down from the 
limestone cap now removed, and 
by the silicious inuuration which 
weathering often develops in out­
lying sandstone. The result is a 
rectang-ular form standi11g solidly 
forth from the common degraded 
surface about. Fig. 36 is an il­
lustration of this type. With the 
progress of erosion the mass be­
comes disse,·ered into numerous 
more or less independent colnmns, 
which assume various fantastic 
forms according to the different 
degrees in which their several 
parts uecay. The erosion proceeds 
Chiefly along the jointS by Which Fw.37.-Rcctanjrularformbre"kiugdownintocol-

t
h · t d d l umus; Potsdam A:11Hl stone; Fort Danger, nortb-

e mass lS raverse an a ong east quartcrofdrift.lessarea; Pb"ntomCathcclral 

the lines of softer sedimentation, in tho distance shows a more admnce<lstage of 

dividing the whole mass vertically degradation. 

and horizontally into bold projections and deep recesses. Fig. 37 is 
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one of scores of illustrations of this stage of destruction. Many of these 
fantastic castellated forms may not have passed through the rectangular 
stage above noted, but they are frequently so related to larger masses 
which t:~till retain that form as to suggest that this is the usual order of 
evolution. 

At a still further stage of advance the columns become almost com­
pletely isolated from each other and remain as natural towers, awaiting 
a final stage of destruction by which they shall be overthrown and the 
last remnant of the strata that once spread over the region be destroyed 
(Figs. 38 and 39). 

FIG. 28.-A further state of erosion; columns ap- FIG. 39.- Final stage of isolation . Pillar Rock, 
proaching isolation. Giant's Costle, near Camp northuast quarter ofdriftless area . . 
Douglas, northeastern part of driftless area. 

The ultimate result is a complete reduction to a basal plain of erosion 
closely analogous to the original one from which the evolution took its 
origin. It is old age declining again to the level of childhood; but the 
level of age and the level of childhood are not the same. When the 
strata were born of the sea they were fresh and perfect in their entirety. 
When, after an age of elevation, they have been brought again back to 
a similar level, they are worn and weathered; they have lost their in­
tegrity; they have been depleted of large parts of their substance; they 
are but the truncated remnants of once complete strata. 

Evidence of non-glaciation.-One of the most convincing evidences 
that the region bas never been invaded by glaciers is to be found in the 
fragile pinnacles of rock which abound over a somewhat wide area in 



238 DRIFTLESS AREA. 

the northern portion of the district. It is incredible that the ice should 
b,ave passed over the region without modifying or entirely obliterating 

FIG. 40.-Basal plain of erosion, partially developed ; northeastern portion of the driftless area. 

the more slender forms. Contrast the foregoing features with the fol­
lowing sketch of the topography of the drift-covered region within ten 
miles of the border. 

FI!}. 41. - T ypical drift topography; taken at a point within about ten miles of the drift border, west 
· of Brooklyn, Wis. 

Less striking, but not less convincing, are many of the other topo­
graphic features to which attention has been called. Taken altogether, 
the topographic features afford in themselves a most' conclusive demon­
stration of the absence of ice invasions since they were formed. The 
erosion which has been involved in their production is altogether too 
great to permit us to entertain the view that they have resulted from 
post·glacial degradation. The amount of erosion which surrounding 
regions have suffered since the final retreat of the ice is quite trivial. It 
has not reached a sufficiently advanced stage of channeling to furnish 
complete drainage to the region, much less to set forth in isolated re­
lief any of its formations. The erosion of the older drift surfaces adja­
cent to the driftless region is very much more considerable, but by no 
means sufficient for the production of these bold features in the strength 
and prevalence they here present. 

There are a few exceptional instances within the tract covered by the 
thin edge of the older drift, where isolated outliers of similar nature 
exist. The most noteworthy is Castle Rock, near Farmington, Minn., 
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which rises as an isolated peak to a height of 40 feet. 1 Although 
this lies within the region of attenuated drift, we are not as yet con­
vinced that it was ever overridden by the ice, though we are unpre­
pared to express an opinion upon the subject. It occupies the crest 
of a knoll, and bears evidence, in the sand that lies at its base, of con­
siderable recent degradation, and hence we regard it as not impossible 
that this may be an instance of the development of an outlier subse­
quent to the earlier drift epoch. A similar, but less notable, instance 
occurs near Footville; Wis. The tower, in this instance, has a height 
of about 15 feet and stands at the foot of a low bluff of St. Peter's sand­
stone, from which it is not improbable that it has been dissevered since 
the earlier glacial epoch. It is altogether too slender in its present con­
dition to have withstood any considerable lateral pressure. But these 
are quite exceptional instances and do not approach, in the magnitude 
of their forms or in the high development of their characters, the scores 
of giant .cai'rns, towers, and castles that diversify the driftless district. 

RESIDUARY PRODUCTS. 

We have now glanced at some of the more notable results of the ero­
sion which the region sufl'ered. Its relief features are, in a sense, resid­
uary products. They are the stratal remnants which the erosion of 
the ages has left. But the residuary products to which we now turn our 
attention embrace those earths and partially decomposed fragments of 
rock which mantle the surface of the region. 

The process of degradation begins with the division of the rock by 
crevices into fragments of limited size, which then decompose in various 
degrees, forming sands and clays of diverse degrees of fineness. It 
is only when these stages have been reached that transportation ordi­
narily occurs. The mantle of earths and rock fragments which over­
lies the region represents that portion of the strata which has been dis­
integrated but not yet removed. It represents the degree in which 

FIG. 42.- A typical section of the residuary mantle of a limestone hill. 

transportation lags behind disintegration. There are many steep slopes 
and preeipitous faces, a few very narrow summits, and the bottoms 
of a few of the sharper ravines, in which transportation keeps pace with 

1 The Geological and Natural History Survey of Minnesota, Vol. I, pp. 33, 58, 74, and 
656. 
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disintegration and the bare rock is exposed. But, with these limited 
exceptions, a mantle of disintegrated material covers the whole region. 

This material is essentially the residuum left by solution. The raiu­
fi.tll, penetrating the surface, carries with it well known solvent agencies 
<leriYed from the atmosphere and from the vegetation on the surface. 
Attacking the rock, these solvents bear away the several ingredients 
wllich they are competent to di~solYe and leave the rest behind. The dis­
integration thus effected takes place on the ·surface of the rock, along the 
credces and cavities by which it is penetrated, and also in its capillary 
pores. The result is the production of well disintegrated earth at the 
snrface, which graduates into partially decomposed rock below. At 
the very surface a more complete disintegration is effected by atmos­
l•heric agencies and vegetation, producing what is denominated son; in 
di!3tinction from clays and sands. This surface material is also contin­
ually subjected to wash, by which a partial assortment takes place, 
which aius in giving it the distinctive cuaracteristics of soil. There is 
uere also an addition of material derived from the decomposition of 
vegetable anu, suboruinately, of animal matter. Our limits do not 
permit us to enter at length upon these activities, but it is important to 
our general purpose to note the nature and amount of these residuary 
products. Fulier details of an extended examination of the character 
and amount of the residuary material of this region will be presented 
in a bulletin of the Survey now in preparation by Mr. Salisbury, and we 
will here indicate only the more general facts concerning it. 

Phys-ica-l characteristics of the residuary earths.-Throughout much of 
tbe driftless area, clay, using that term in its popular sense, is the most 
conspicuous residuary product. In many respects this clay is notably 
unlike that which owes its origin either directly or indirectly to the 
drift for<;es. U ulike drift clays it is never stratified. It also dift(ws 
widely from drift clays in texture, color, constitution, disposition, and 
association. . . 

The typical clay of the driftless area is free from the minute angular 
fragments of foreign rock which are to be found in glacial clays. Its 
texture is, therefore, more homogeneous, although it undergoes some 
changes in its vertical extent, as shown in numerous sections. .Above, 
the clay graduates into soil, which outside. the valleys is uniformly 
shallow. Beneath the surface soil, the clay loses the dark color of 
the latter, due to the presence of organic matter, but is for a certain 
distance downward not unlike the superior portion in texture. The 
deeper lying clay, where limestone is the subjacent rock, is the most 
characteristic member of the residuary earth series. It is not like that 
above, structureless, although, like that, it is without trace of stratifi­
cation. It generally shows a tendency to cleave, breaking up into little 
pieces which are roughly cubical. This is often conspicuous, and es­
pecially so on the faces of sections which are thoroughly dry. In such 
situations large quantities of the clay in small angular blocks may be 

• 
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removed by slight friction. The size of the cuboids varies, within some­
what narrow limits, from a small fraction of an inch to one or two inches 
in diameter. This cleavage is probably a phenomenon of shrinkage due 
to drying, as it partially disappears when the clay becomes wet. This 
structure has given rise to the local nq,me of ''joint" clay, an appella­
tion not altogether inappropriate. 

Upon drying, this variety becomes very hard and rock-like. It only 
becomes adapted to serve as soil by surface amelioration, as is shown 
by the fact that, from the thousands of mineral holes scattered over the 
southern part of the mining district, the material ejected still lies be­
side the excavations as heaps of clay, without covering of vegetation, 
although it bas been exposed in most cases for many years. Notwith­
standing this fact, the clay, even in its deepest parb>, wherever ex­
amined, is found to abound in minute perforations. These, in many 
cases at least, indicate the penetration of rootlets, for the rootlets them­
selves may sometimes be found. In some cases, too, the perforations 
have been seen to undergo a gradual variation in size, and to branch 
now and then, much as rootlets do. On the other hand, it is probable 
that some of the perforations have bad a different origin, for in one 
case a small insect was found in one of the little canal-ways. The clay 
is exceedingly tenacious, and hence the perforations, once formed, would 
endure for long perio!ls of time. · 

Another characteristic of certain portions of the clay is its power of 
retaining moisture. It can rarely be found, even in the driest season, 
unless exposed to the direct rays of the sun, without visible moisture a 
few inches from the surface. The regions where it is present are con­
spicuously less affected by drought than adjacent localities where it is 
wanting. For this reason it is a valuable subsoil. 

Fragments of residuary rock are not uncommon in the deeper portions 
ofthis earth. Ofthese, chert fragments are most abundant, and occur 
scattered sparingly throughout the clay or sometimes arranged in more 
or less distinct layers in it. Even where they appear to be entirely 
wanting, the microscope often reveal~ minute flakes scattered sparsely 
throughout the clay. The larger pieces are more numerous near the 
basal portion of the clay than higher up. 

It is natural to suppose that the residuary earths derived from the 
decomposition of limestone would differ very notably from those which 
take their origin from sandstones or from shales or mixed crsstalline 
rocks. Yet the difference is far less than might be anticipated. There 
usually overlies the sandstone strata a loamy earth not very far re­
moved in character from that which mantles limestones. It is some­
what more sandy, and consequently less cohesive, and presents the 
opposite variations in vertical sections, becoming less cohesive below, 
instead of more so. In the limestone region the toughest clay liet:~ next 
to the rock. In the sandstone r1·gions the soil graduates below into 
sand. The difference is most conspicuous where the mantle has been 
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washed and redeposited and mingled with mechanically derived sand 
anll secondary prouucts, as occurs in some of the valleys. 

We find little opportunity to observe the disintegration products of 
t!Je shales, because of their limited surface exposure allll because where 
exposed they form the lower slupes of limestone-capped eminences. 

There are no metamorphic rocks in the region except the quartzite 
range of Baraboo. The residuary material which overlies this quartzite 
is not conspicuously different from that which overspreads the lime­
stones and the sandstones. It is slightly less clayey than the former 
and more so than the latter, and presents less variation in vertical sec­
tion t,han either. It graduates below into crumbling rock 'intermingled 
with clay. 

This approach to likeness in these several residuary derivatives sig­
nifies that the process of formation is one which eliminates differences, 
first, -by dissolving out soluble material, which forms one of the great 
differences between the parent rocks, and, second, by disintegrating the 
material to a more finely commitinted condition. 

Formation of residuary earths.-The material of the Paleozoic strata 
was derived from the earlier Archean formations. Hence, directly or 
indirectly, the source of the residuary material is found in the ancient 
crystalline rocks, and they furnish an excellent basis for an elementary 
study of the origin of residuary material. They are composed mainly 
of quartzite and complex silicates. There are, to be sure, other con­
stituents, as magnetite, calcite, &c., but they may be neglected. In the 
decomposition of tlJe rock, the quartz remains largely unaffected, ex­
cept tllat it is separated from its associates and mechanically reduced, 
more or less, according to the agencies to which it is subjected. Tile 
t}nartzose element of the residuary product is, therefore, coarse or fine, 
according to the original size of the quartz grains and the degree 
of comminution they suffered from fracture and abrading agencies_ 
The complex silicates, on the other Lland, underwent a very different 
proc('ss. The alkaline bases, which form a part of their ingredients, 
rendered them subject to decomposition. In this process the more 
soluble bases were removed, while the less soluble and simpler silicates 
were left. The complex silicates, therefore, instead of giving rise to 
comminuted particles of the same kind, as in the case of quartz, under­
went decomposition, and the resulting particles were molecularly unlike 
the original. The process was not simply a separation of particles, but 
a disintegration of molecules, though the particles seen ·under the mi­
croscope are obviously not simple molecules. While they are much 
smaller than simple mechanical comminution would be likely to pro­
duce, they appear to be definite aggregates-i.e., firmly coherent parti­
cles-but whether this coherence was retained through the vicissitudes 
of molecular change or was acquired subsequently we do not know. 

In the disintegration of the Paleozoic rocks these two classes of re­
siduary products are reproduced. In the case of quartzose sandstones, 
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tne disintegration results mainly in the further reduction of the quartz 
particles. The sand grains are somewhat dissolved or etched by solu­
tion and somewhat broken by the various weathering agencies, so that · 
there results a product finer than the original. But the residuary prod­
uct has essentially the same chemical and mechanical constitution· as 
its parent formation. In the case of limestones and dolomites, the lime 
all!l magnesia, together with such alkalies as may be present, are dis­
solved away by meteoric waters, and the residuum consists of such clay 
and quartzose matter as was embraced in the limestone. This insoh1ble 
matter we suppose to have been mechanically mixed with the limestone 
and not chemically united with it, as in the case of the silicates. The 
separation of clay from limestone is not, therefore, a process precisely 
similar to the production of clay by the decomposition of silicates. For 
the most part, the clayey matter of the limestone is in essentially the 
same state as when separated from the Archean cr~'sta!line rocks, and 
the decomposition of the limestones and dolomites has only restored it 
to t.he condition in which it was when deposited with the gathering cal­
careous sediments.· But, in so far as it may have been in the form of 
complex silieates, it was probably degraded to the condition of a simple 
Rilicate, mainly silicate of alumina. 

With all the clay there is nndou btcdly commingled a large percentage 
of ,·ery finely comminuted quartzose particles, which have arisen from 
tile mechanical subdivision of larger quartz particlE)s, as above indicated. 
The residuary earths may therefore be conceived as a mixture of com­
minuted quartz particles with the true clayey particles which resulted 
from the chemical degradation of complex silicates, and whose particles 
in their individual state are of extrflme minuteness. These minute 
clay particles appear to possess a strong disposition to unite by cobe­
:;ion into more considerable lumps, and on the first inspection of clays 
t,hese aggregations are very likely to be mistaken for ultimate particles. 
To break these down and to separate the individual part.icle.s from 

· each other requires much care and patience. It is doubtful whether 
the truly ultimate particles are ordinarily reached in microscopic obser­
vations. Tlleoretically they may be mil)ute beyond the reach of our 
best appliances. Practically, the greater care we exercise in separat­
ing the particles, the more do minute particles multiply, until the num­
ber lying on the very verge of vision is vastly increased. 

We conceive that it is to these exceedingly minute particles that the 
impervious character of the clays is due. So long as in the aggrega­
tion of particles the interstitial spaces remain sufficiently great to admit 
of free capillary penetration, porosity remains, but when .the interstitial 
spaces are reduced below the limits of free capillary action, an iruper­
vioul.i character results. 

Now, in all our common earths a certain considerablf'> percentage of the 
particles are of such a size that if congregated without admixture of 
finer particles they would leave interstitial spaces sufficiently large to 
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admit of a ready inter-penetration of water. But associated with almost 
all common earths there is a large percentage of much finer particles, 

· whicll, insinuated among the coarser ones, fill up to a greater or less 
degree the interstitial spaces. When the percentage of these fine par­
ticles is sufficient to completely fill the interstitial spaces, and when 
these finer particles are so minute that their own interstitial spaces are 
below the limit of free capillarity, then the earth becomes impervious 
and we designate it a clay. 

Jl{icroscopic character of residuary earths.- So far as our microscopic 
observations of residuary earths have extended they reveal the fact 
that in tllose derived from the decomposition of limestone, coarse grains 
are rare. There are occasional flakes of flint and rarely instances 
of rounded grains of quartz, but the residuary earths are mainly com· 
posed of particles mucll too small to be designated sand. Not only 
are the particles much smaller than sand grains, but they are also quite 
unlike them in shape and contour. Instead of being round, or at least 
more or less deangulated, as sand grains generally are, the minute 
physical elementt:~ of the earth are often conspicuously irregular in 
l:!hape1 at:~ observed by Sorby and others. Even when t:~and grains re­
tain some angularity of form, their surfaces generally bear witness to 
the smoothing action to which they have been subjected. Not so the 
particles of the earths. Even when their form is globular, their sur­
faces are, as a rule, u,neven, often appearing like irregular fr·acture sur­
faces. At least this is true down to the limit of distinct vision. Of tile 
smallest particles visible we have not found it practicaBle to determine 
surface peculiarities. 

The ultimate constituents of eveu the darkest-colored clays are, 
almost without exception, transparent. 'fhey are generally slightly 
stained, but opaque particles are very rare. This is not true of the 
drift clays, in which minute opaque grains are not uncommon. Tile 
staining of the grains is probably largely due to iron oxide, as indi­
cated by the amount of the iron content and by decolorization under 
the influence of chemical reagents. 

Specimens of earths from numerous localities have been subjected to 
somewhat careful microscopic examination. The selections for study 
were chosen from such localities . as were supposed to be mantled only 
by the purely residuary products, and, while tlley represent· a some­
what extensive area, they may be said to have been taken mainly from 
the heart of the driftless tract and at elevations such as to avoid all 
suspicion of deposition from water during submergence, unle.~s such 
submergence affected essentially the wllole area. 

The method of study a•lopted inYolved the determination of the 
physical character of the earths, the size, shape, surfaces, &c., of their 
particles, with a -dew to comparison with other earthy prorlucts, aud 
the determination, so far as possible, of their mineralogical constitution. 
Many of the particles are too small to be determinable by methods at 
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command. The finer portions of the earths were, therefore, separated 
from the coarser, aml the determination of miuerals bas been based 
etitirely upon the latter. The results of the microscopic study caunot 
he said to have beeu exhaustive, but some facts have heen determined 
which are not without interest and significance. These facts are not 
what were, at the outset, expected. It should ue kept in mind that the 
underlsing rock is in all cases limestone, Trenton or Galena, and the 
residuary earths, so far as they are strictly residuary, must have taken 
their origin from one or the other of these formations. 

With a single exception, all the earths examined reveal the presence 
of minerals apparently derived from the Archean crystalline series. 
The single exception is au earth taken from the surface of the decom­
posiug limestone on a bald upper Rlope, the higher portions of which, 
as well as the crust of the ridge above, were nearly devoid of earthy 
CO\;ering. The minerals most commonly present are piagioclase feld­
spars, orthoclase, micas (both biotite and mu8covite), hornblende, mag­
netite, augite, and epidote (7).1 Quartz is universally present, and is 
much more abundant tllan all the others-indl'ed, in most cases it con­
stitutes the unlk of the coarser portion of the earths. 

Not every specimen examined shows all the above minerals, though 
Sfweral of them are present iu nearly every specimen studied. Mag­
netite and hornblende are most nearly universal, but the feldspars and 
micas are also very generally found. Augite bas been rec.ognized in but 
few cases, and epidote but once, and that perhaps doubtfully. 

An examiua.tion of specimens of loess from the region bordering tile 
uriftless area on the west shows that this deposit contains the same 
minerals, and, in the several specimens studied, no minerals, dolomite 
excepted, have been determined which have not also been found in the 
residuary product. Not only this, but their abundance relative to each 
other is practically the same in the two series of specimens and among 
different members of the same series. In those specimens in which mag­
netite is auundant, feldspar, hornblende, and mica are also abundant, 
and where any one is rare the others are commonly reduced in num­
bers correspondingly. The size, too, of these particles is almost identi­
cal, whether taken from the loess or from the driftless tract. The largest 
do not commonly much exceed .1 mm in diameter, and those one fourtll 
that size are much more frequent than larger ones. In shape there is 
no determinable distinction between the particles from the two sources. 
In both they are angular, sometimes showing fracture surfaces only, 
sometimes cleavage only, and sometimes both. 

The total amount of these minerals is much greater in any given 
quantity of loess than in an equal quantit-y of the residuary earth,· 
though there is hardly more difference in this respect between loess 

'We are under obligations to Prof. C. R. Van Rise for aid in the mineralogical rle· 
terminations. Without his confirmatory identifications we should have Borne hesi­
tancy in asking confidence in our own. 
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and certain earths than between these latter and certain other earths 
selected with reference to this- comparison. The inconstancy in quan­
tity of these minerals in the earths is one of the notable facts dc,·eloped 
by the microscopic study. This inconstancy is not, however, without 
Jaw. In tile apparently residuary mantle the superficial portions con­
tain a markedly larger ingredient of the foreign materials than do the 
deeper-l_ying parts. This is true in every instance where two speci­
mens from the same vertical section have been studied. On the other 
hand, the upper portions, in which these abound, are wholly, or almost 
wholly, wanting in bits of flint aml chert, which are characteristic of 
the deeper portions. To cite a single illustration: in a comparison of 
material taken from three feet below the surface with other material 
from the same vertical section five feet lower down-one foot above 
the rock surface -it was found that the number of particles above .03mm 
in diameter was greater in the deeper-lying earth than in the more super­
ficial. The greater portion of the particles more than .1mm in diameter 
were found to be almost whoiJy chert or flint. The proportion of par­
ticles between .02mm and .1mm in diameter was found greater in the 
more superficial earth than that of the greater depth. Now the coarser 
particles of the loess range, for the most part, between .02mm and .lmm, 
relatively- few particles reaching the latter size, thus indicating an ap­
proach of the superficial earth to the loess. 

In the loess, rounded grains of sand are not wanting, and these may 
range . considerably higher in size. Indeed, grains less than .l mm in 
diameter are rarely rounded, and sand made up of particles of several 
times that diameter would still be regarded as very fine sand. In the 
residuary earths, too, or at least in some of them, rounded sand grains 
are found, but, as compared with the otller ingredients common to 
loess and residuary earths, sand grains are relatively much less com­
mon. As with the particles of feldspar, hornblende, &c., the rounded 
grains are of more common occurrence near the surface than in the sub­
jacent portions. 

The question of the source of the minerals present in the earths is 
conceivably susceptible of several answers. If the so-called residuary 
earths be strictly residuary, the origin of the hornblende, feldspar, mag­
netite, &c., must be sought in the underlying limestone. Such exami­
nations of this rock as it has been possible to make with this in view 
have given but negative results; but t'hey have been too incomplete 
to be decisive. Specimens of earths taken from pockets and seams 
beneath the surface of the rock, but rendered accessible by shafts, have 
in two cast>s shown the presence of one of the ~above minerals, viz, 
hornblende. It is possible, and perhaps to be expected, that surface 
particles would be carried down to some extent by drainage and the 
burrowing of animals, and it is also possible that these foreign particles 
may have found lodgment below, subsequent to the opening of the 
shaft; §till their presence, even sparingly, in the deeper earths gener-



CIIAMBEHLIN ANU SALISBUUY.) RESIDUARY PRODUCTS. 247 

ally, may seem to lend some support to the idea that the limestone is 
their source. Against such an explanation, however, there is strong 
evidence. 

In the first, place the study of different specimens from the same verti­
cal section seemH to point to the conclusion that the upper portion can­
not be derived·from the lower. Data bearing on this point have alreatly 
been given. If this tentative conclusion shall stand the test of further 
research, an extraneous origin for the feldspars, micas, and their asso­
ciates must be sought. 

But even in the superficial earths their distribution is by no means 
uniform. In some regions these minet;als are relatively abundant, in 
others relatively rare. To account for this on the basis of local origin, 
the limestone must be supposed to have ueen correspondingly richer 
in these minerals at some points than at others, anti, when it is consitl­
ered that the parts requiring the greater supply of these minerals are 
largely the parts farther from the source of supply, there is no mani­
fest reason for this. Furthermore, the residuary material becomes 
richer and richer in these ingredients as the border of the loess to the 
west is approached, and it would be strange indeed that the limestone 
should be rich in mica, hornblemle, feldspar, and magnetite along the 
uorder of the loess and relatively less so with increasing distance from 
that bor(ler. 

On the supposition of an extraneous origin of the minerals which we 
are warranted in calling foreign, it is conceivable that they may have 
reached their present position in either of two ways: they may have 
been transported by the wind or they may have been deposited from 
water. The region. to the southwest of the driftless area- the direc­
tion of prevailing winds- might easily have furnished the material, 
which after deposition would have become commingled, to a. greater or 
less degree, with the strictly residuary material by the burrowing of 
animals and by inwash in cracks and the tubelets left by decayed roots 
and by other means, and so might have given rise to the product which 
we now find. On the other hand, if the supposed loess-depositing 
waters, which-the aqueous hypothesis granted-certainly overtopped 
the bluffs east of the Mississippi, extended over the whole area, they 
would to some extent have stirred up and redeposited the pre·existeut 
residuary material and would have added the 'foreign ingredient which 
is now found. If the submergence were but temporary, the result 
must have been very similar to what is now found. The manner in 
which the loess-loam fades out east of the Mississippi, as subsequently 
·described, is quite in harmony with this conclusion. At the same time 
it is to be noted that this distribution is also just what would be ex­
pected on the supposition that the wind was the transportiug agency. 

The loess contains a notable ingredient of dolomite and calcium car­
bonate, both of which are wanting, for the most part, in the residuary 
earths. This will surprise no one who is familiar with the loess border 
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and bas seen the typical loeils g-radnallr become less and less dolomitic 
as one advances toward its limit, until it becomes a loam and finally 
altogether ceases to give evidence of the presence of carbm•ates. While 
no dolomite l1as been detected in the surface portion of the earths from 
the central portion of the driftless area, it has been detected in min nte 
quantity in those earths which lie near the loess border'-if it may be 
said to have a border-e•en where the amount present. is too small in 
quantity to be indicated by the field test. / 

Size of particles.- A series of microsCOJlic measurements of tbe sizes . 
of particles of residuary earths, glacial clays, and loess was undertaken 
with the view of ascertaining what distinctions could be found between 
the products of disintegration and of glacial wear, and between those 
that bave been transported by ice or water-and so perhaps assorted in 
some measure-and those that have not. 

While these microscopic mensurations have 110t been pushed to an 
exhaustive extent, either in respect.to the samples studied or the num 
ber of specimens necessary to be fully representative, a few specific re­
sults may forecast 'the nature of the ultimate determinations. Out of 
158,522 measured particles from several representative localities, only 
929 exceed .005mm in diameter. From this it will be seen that only about 
.G of 1 per cent. of the particles are so much as .005rnm in diameter. 
Five samples of purely residuary origin gave tblj followiug low. percent· 
ages of particles having a size equaling or exceeding .OQ5mm in <liam­
eter: (1) .66 ofl per cent.; (2) nearly 1 per cent.; (3) .6 of 1 per cent.; 
( 4) .2 of 1 per cent.; and (5) . 75 of 1 per cent. A fairly illustrative 
sample from near the rock surface at Mount Hore.b, Wis., gave, in a , 
single microscopic field, the following showing: 

Particles ·Jt,ss than .0028&mm in diameter .. __ .. ___ . ___ - ____ - ---- _ .. _____ . _-. _. 15, 152 
Particles between .0028fimm all(l .oosmm in diameter_ . ___ .. ____ •. ____________ . 208 
Particles more than .005mm in diameter . _____ . ____ ... _-- ... __ - ______ • _. _-. _. 54 

None of the 54 reached so great a diameter as .01mm. Of the 15,152 
probably 90 per cent. in numbers are less than half the size indicated. 
With a higher power it was estimated that fully half the particles fell 
below .Ootmrn in diameter, and it i:s not certain that the inferior limit in 
size was ascertained, since the visible proportion of exceedingly fine 
particles was greatly increased with each incrrase of magnifying power 
and the number at the limit of vision was always great. It seems cer­
tain, theref9re, that the above figures must err on the side of coarseness, 
fine as the particles are. It should be added that in some of the clays 
particles much coarser than any here enumerated occur, but their num- · 
ber is insignificant, though t.heir character is not. It should be kept in 
mind that the disproportion between the coarser and finer particles is 
much less. vohime for volume, t'han the above figures would indicate, 
but the actual bulk of the particles under .005mm must greatly exceed 
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that of the particles of larger size. This is significant when considered 
in connection with the constitution of the loess, as shown hy microscopic 
examination.1 

Chemical constitution of the residuary earths.-'rhe residuary earths, 
being formed by disintt:'gration and solution, are almost completely de. 
pleted of the soluble ingredients 0f the rpck, namely, the alkalies and 
alkaline earths, chief among which, in the limestone regions, are the 
calcic and magnesic carbonates,. The chief residual elements are quartz, 
the undecomposable silicates, and ferric oxide. Physically these are 
combined in different proportions, taking the form of clay and sand, more 
or less intermixed with coarser ingre!lieuts, the clay being the alumi­
nous and comminuted siliceous material that was disseminated through 
the limestone, the sand being the minute but appreciable quartz par­
ticles, and the coarser material being in large part fragments of flints, 
the degraded residue of the silicious concretions of the parent formation. 
The absence of calcic and magnesic carbonates, except in inappreciable 
quantities, has been proven by thousands of field tests and confirmed 
by numerous partial analyses and by severalPxhaustive ones. The drift 
clays, on the other hand, have been ascertained to be calcareous by un­
numbered field tests, confirmed by laboratory analyses, which show 
that in some instances 40 per cent. Or more Of the clays consists of COm· 
minuted maguet<ian limestone. The drift clays are, in short, rock flour, 
and not, as are the residuary earths, the product of rock rot. 

The following complete analyses of typical specimens of residuary 
clays, made by Mr. R. B. Riggs, under the direction of Chief Chemist 
F. W. Clarke, indicate their general composition. Nos. 1 and 2 are from 
the same vertical section, the former being four and one-half feet from 
the surface, and the latter eight and one-half feet and in contact with 
the underlying limestone. Nos. 3 and 4 are related in the same way, 
the former being three feet from the surface and the latter four and one­
half feet, the lower sample, as before, lying in contact with the rock. 

1 Since the above was given to the printer tho number of measurements has been 
greatly increased, as indicated in the following ~;ummation of additional data: 
Particles less than .0025mm . __ • ___ • _ ••• ________ •. _____ •.• ________________ •. 721, 866 
Particles between .0025mm and .005mm _____________ ••• _. __ __ __ _ __ _ __ __ __ __ _ 9, 812 
Particles over .005mm. ________ . _______ .-- : __ __ . ___ • _______ .. __ --- -- _--- 634 

732,312 

Of those above .005mm in diameter, particles reaching .06mm are not rare. Almost 
all above .1mm are fragments of flints and ·cherts, and these grade up into the chips 
all(] flakes of flint of notable sizes that abound in many parts of these clays, being 
derived from the nodules of the cherty limestones. 
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Analyses of typical specimens of residua1·y clays. 

No.1. No.2. No.3. No.4. 

sw. 71.13 sw. 49.59 SiOe I 5:1.09 SiOo 49.13 

Al,Oa 12.50 Al20a 18.64 Al20a j 21.43 Ah03 20.0R 

Fe20a 5.52 FeoOa 17.19 Fe20a 8.53 Fc.Oa 11.04 

FeO .45 FeO .27 FeO .il6 FcO . 93 

Ti02 .45 l'iOo .28· Ti02 .16 TiOz . J:~ 

r.o. . 02 Po05 .ml P205 . 03 PzOs . 04 

MnO . 04 MnO . 01 MnO . 03 MnO . 06 

CaO .85 CaO .93 CaO . 95 CaO 1. 22 

MgO . 38 MgO .73 MgO l. 43 MgO 1. 92 

Na.o 2.19 Na.O . 80 Na.o 1. 45 Na.O l. 33 

K.o 1. 61 K20 . 93 K.o . S3 K.o 1. 60 

H.o a4.63 H20 a10.46 H.o alD. 79 n.o all. 72 

co. .43 co. .30 co. . 29 C02 ,3!1 

c .19 c . :14 c .22 c 1. O!l 
--- --- --- ---

100.39 100.50 I 100.09 100.6S I 
a Contains H of organic matter. Dned at 100° C. 

The following analyses of drift clays, made by the same chemist, are 
ipstructive by way of comparison. No. 1 is from the semi-asso1ted 
glacio-lacustrine clays that border Lake Michigan, the specimen being 
from Milwaukee, Wis. No.2 is from a glacial pebbly clay beneathtbe 
glacio-lacustrine clays at Milwaukee. 

Analyses of glacial clays. 

No.1. No.2. 

Pet· cent. Per cent. 
Si02 40.22 SiOz 48.81 

Al20a 8.47 AI.Oa 7.54 

P206 . 05 P20s .13 

TiO" .35 Ti02 . 45 

Fe20a 2.83 Fe.Oa 2.53 

FeO .4S • FeO . 65 

MnO Trace MnO • 03 

CaO 15.65 CaO 11.83 

MgO 7.80 MgO 7.05 

K20 2.36 K.o 2.60 

Na.o . 84 Na.o .9:! 

H.o al. 95 H20 a2.02 
co. 18.76 co. 15.47 

C (organic) . 32 C (organic) .38 

so. .13 so. . 05 
--- ---

100.21 100.46 

a Contains H of organic matter. Dried at 1000 C. 
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Rock relics.-Cherts are present wherever chert-bearing limestone was 
one of the rocks which has disappeared in the progress of decomposi­
tion. 'l'hey are abundant or rare according as the decomposed rock 
contained much or little flinty material. In size the chert masses vary 
from small particles to pieces one or two feet in diameter. They vary 
widely in color, as they are seen to do in the rock, being white, gray, 
,Yellow, and red, with all intermediate shades. They are frequently 
scattered throughout the earthy product, but are much more abundant 
at the base of the clay than higher up. 

Below the mantle of residuary clay and above the firm rock, there is 
everywhere a layer of -semi-decomposed rock. This varies widely in 
thickness and physical characters. Above, the cherts are more or less 
intermingled with the clay, and are, in descending order, replaced by 
semi-decomposed fragments of the country rock, which quickly predom­
inate and exclude the clay, and, graduating below into solid rock, com­
plete th'e section of residuary material. 

In some places the amount of rock remnants is small. In such cases 
they are composed of small fragments which do not appear to have any 
definite arrangement. They are commonly soft and friable, as a result 
of decomposition, and are intermingled with varying but always small 
amounts of clay. In other places the passage from the clay through 
tile intermediate layers of mingled clay and rock fragments, and the 
deeper-lying layer of rock fragments almost without clay, to the firm 
strata beneath, is gradual, and only accomplished in the space of sev­
eral feet. In such cases, if the topography be plane, the semi-decom­
posed rock fragments often preserve the stratified arrangement proper 
to the layers from whose destruction they have resulted. The stratifi­
cation is distinct and regular, wherever the underlying corroded sur-

Fw. 43.-Section shQwing partially decomposed rock below a tbin layer of very dark clay. (Near 
Mount Horeb, Dane County, Wisconsin. ) 

face is regular. Where this has become notably uneven by unequal 
decomposition, the overlying la_vers of decomposed fragments have con­
formed themselves measurably to the irregularities beneath. Where 
the irregularity is great, the stratification l1as become obscure or alto-_ 
gether obliterated. Wherever the surface is plane, the rock fragments 
uniformly lie on their flat sides, indicating the absence of the action of 
all disturbing forces since their formation. Wherever the topographic 
situation is other· than that indicated, the rock fragments are irregu­
larly distributed, or at least their disposition bears no definite relation­
ship to the bedding of the underlying rock. 

Large mass.:>s of limestone, or even masses two or three feet in diam­
eter, are exceedingly rare in the ordinary sections ofresiduary material 
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in the area under discussion. Along ravines leading down from steep 
slopes, and particularly at their bases, such pieces of limestone, and 
even larger ones, occur. These have been loosened from their original 
position by disintegration, and have been transported to their present 
positions by gravity or uy the violent torrents which flow down from 
the slopes after every heavy rainfall. These masses are not, howe,·er_, 
in any proper sense of the term, bowlders of decomposition. They have 
been separated by decomposition, following in the wake of cleavage, 
but they are rarely rounded or even deangulatcd-characteristics which 
are diagnostic of bowlders. Furthermore, the rock masses, even where 
they occur in considerable size, are rarely of firm texture. Oxidation, 
solution, and, consequently, incipient degradation have usually pene­
trated to their very cores, so that the amount of loose material from 
which bowlders could be made by any forcible agency is small. It is 
probable that bowlderets, cobble stones, and pebbles might, in some 
moderate measure, have resulted from the subjection of the loosened 
rock to the proper processes, but that the measure would be limited is 
attested by the general absence of such products in the valleys of the 
region, where cherts have accumulated in great quantities. That the 
limestone does not occur in such situations is proof of its incompetency 
to withstand the agencies of transportation, for there can be no doubt 
that the quantity of limestone that started down the valleys much ex­
ceeded the amonnt of chert, as the former is much more abundant than 
the latter on the highlands ami slopes. It is our judgment, therefore, 
so far as inference can be drawn from the driftless area alone, that the 
origin of the limestone bowlders of the drift must be, in the main, sought 
elsewhere than in the pre-glacially disintegrated limestone masses. 

Below the outer border of the drift in Central Missouri, observations 
have been made which do not perfectly tally with those already noted. 
Large masses of limestone ha\·e there been frequently seen imbedded 
in clay and completely separated from the layers of rock. 'fhese are 
sometimes of large size, even eight to ten feet in greatest diameter. 
Their surfaces, so far as seen, are, as in the driftless area, exceedingly 
irregular. ' 

Beneath the partially disintegrated rock, there are loosened masses 
of considerable size, which are still in situ, and adjacent, both laterally 
and below, to solid rock. These, when removed and subjected to glacial 
action, might be productive of bowlders in large numbers, lmt such 
masses do not come under what we have termed decomposed rock. 

Except where the covering of clay is thin, pieces of residuary lime· 
stone are almost unknown at the surface. Chert, on the otht>r band, is 
to be found superficially in some regions, even where the clay is deep, 
in great abundance. This is perhaps most common in the horizon of 
the Lower Magnesian limestoru•, in which flint masses are more abun­
dant than elsewhere and of larger size. In a few places in 1Visconsin, 
and, much more conspicuously south of the urift limit, in Missouri, the 
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cherts and silicious residuum of the decomposed rock are excessively 
abundant on sloping surfaces. Where thickly imbedded in the tena­
cious clay, as they frequently are, they form a protection to the under­
lying clay, which is thus allowed to accumulate to depths much greater 
than those proper to like topographic situations elsewhere. This pro­
tecting superficial stratum sometimes attains a depth of several feet, 
being fully one-half chert. 

In some situations the limestone beneath the clay, instead of break­
ing up into pieces which retain their horizontal position, passes through 
a different form of decomposition, whereby the upper surface becomes 
sandy. The transition from the rock to clay under such circumstances 
is much more abrupt. than is common elsewhere. The sand has no con­
stant depth, but, besides forming a thin covering over the rock surface, 
it often fills the small pockets and crevices which penetrate the upper­
most layers of rock. This is always highly calcareous and appears to 
be made up in considerable part of crystalline dolomitic particles. 

In the san us tone regions the relation of superficial earth to decom­
posed rock beneath is quite similar to that inuicateu for limestone re­
gions. The fragmentary rock is less resist ant and the rock surface 
proper less clearly defined. There are less commonly accumulations of 
rocky material at the base of slopes, but, on tlle otller band, bowlder­
like forms-we would not, however, term them bowlders of decomposi­
tion-are not unknown. They are often very unique in form and pecul­
iar in structure. They have generally very smooth surfaces, and cross 
sections show the central portion to have the general appearance of 
tolerably pure silicious sandstone. Surrounding the friable core, is a 
coating of varying thickness in which the normal sandstone texture is 
obscured or destroyed, apparently by the complete filling of the iuter­
granular spaces and the attendant «limming of the grain outlines. The 
outer surfaces have thus assumed the texture of quartzite, 1 while the 
inner portion is still porous sandstone. These masses are rarely round, 
though never angular unless freshly fractured. They are sometimes 
long and more or less regularly cylindrical, but more frequently oval, 
oblong, or curved. Their occasional external resemblance to the more 
or less regularly cylindrical ferruginous concretionary forms fouud in 
adjacent regions, where the compact portion is ferruginous and simi­
larly surrounds a core of sand, often uncompacted, suggests a commu­
nity of origin. In the sandstone region, where the rock is firm, apart 
from these bowlders, rock masses are more common than in limestone 
belts. 

Bowlders of exfoliation are abundant at the surface in the regions 
where quartzite is the underlying rock. While the rock niasses are 
here more often than otherwise angular, subangular anu even rounded 
forms are not infrequent. There is generally less decomposed rock 

1 Bulletin United States Geological Survey, No. 8, on Secoudal'y Enlargements of 
Mineral Fragments in Certain Rocks, by R. D. Irving and C. R. VanHise. 
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beneath the clay in these localities than in the regions of Paleozoic 
rocks. 

Amount of residuary material.-The depth of residuary material bas 
been ascertained in nearly eighteen hundred localities in the driftless 
area. In the larger percentage of cases the data upon which the results 
here given are based are the result of direct personal measurements. 
The other data were s.eeured by whatever means possible, e. g., the rec­
ords of borings, diggings, and all kinds of excavations. The data are 
drawn from all portions of the driftless area and from all topographic 
situations, and may, therefore, be taken to represent, with a fair degree 
of accuracy, the average amount of material which mantles the region. 
A minor element of inaccuracy, or at least of uncertainty, inheres iu 
some cases where it was not ascertained whether the recorded depths 
included the disintegrating rock as well as the earth or whether they 
em braced only the earths. This however can hardly lead to serious 
error, since the number of such uncertain measurements is not great. 

The following general averages are based on measurements which in­
clude the residuary earths and that portion o:f the residuary rock which 
is intermingled with them, but which do not include the disintegrating 
rock which underlies the clay but is not commingled with it. The av­
erage depth of residuary material, thus defined, as shown by the eight­
een hundred measurements, is 7.08 feet. The amount varies widely in 
different topographic situations. It is gr·eater on ridges and in valleys 
than on slopes, and is deeper the wider the ridges and the valleys. Of 
about one thousand measurements on slopes, steep and gentle, the av­
erage depth is 4.61 feet. On ridges, not including broad tracts of up­
land, the average, as shown by three hundred and ~>ixty measurements, 
is 8.06 feet. Two hundred and nineteen measurements on broad upland 
tracts give an average of 13.55 feet. The average for broad ravine 
bottoms, or short, wide valleys unoccupied by streams, is 6.93 feet, as 
indicated by one hundred and twenty-three measurements. The aver­
age of fifty-five valley measurements is 18.17 feet. In this last class are 
included only the measurements made in valleys which have a notable 
fiat, and the average here given muy not very well represent the aver­
age depth of loose material in such situations, since measurements in 
the large valleys, as those of the Mississippi, Wisconsin, and Pecatonica 
Rivers, were rarely obtainable, but would have served to swell the aver­
age result. The extremes of depth are zero on the one band and 70 feet 
on the other, the maximum being on upland. It is not certain that in 
this instance the excavation was not in a crevice. Measurements ex­
ceeding 25 feet are, in this topographic situation, exceedingly rare. 

The amount of superficial clay, inclnding loam, but not including the 
sand beneath it, is somewhat less in regions where sandstone is the 
underlying rock than where limestone takes its place. The amount of 
residuary rock, on the other band, is greater in the sandstone tracts, and 
so much greater that the total residuary product is in excess of that 
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in the limestone belts. In the limestone regions it is ascertained on the 
basis of measurements that the amount of residuary rock: including 
all that is thoroughly loosened, is from one and three.qnarters to two 
and one-quarter feet, with a maximum of six or seven feet. This is not 
to be interpreted as meaning that two feet of residuary rock is to be 
added to the seven feet already given as the a.verage depth of the resid· 
nary earths, since, as already indicated, that average included a consid­
erable proportion of the residuary rock. The amount of residuary rock 
to be added to that estimate would at most not exceed one and one-half 
feet. In sandstone belts the rock surface is much less clearly defined, 
so that the amount of residuary rock is less readily uetermined, but its 
amount is two or three times as great as in the limestone belts. 

The amount of residuary material thus indicated is in sharp contrast 
with the depth of loose material which overlies the rock in the surround· 
ing drift-bearing region. Measurements at hand in Green County, Wis­
consin, give the following results: (I) In the drift region, but adjacent 
to its border, involving an area nowhere more than 10 miles from the bor­
der, the average of seventy-two measurements of superficial material, as 

·obtained from wells and other excavations, is 16.8 feet (with variations 
from two to fifty-three feet), while the average of an equal number of 
measurements across the drift border in the driftless tract, likewise in· . 
volving an area only a few miles from the drift limit, is only 7.9 feet (with 
variations between four and twenty feet). It should be here noted that 
the drift border at this point. is the border of the older drift, and, while 
it is reasonably distinct, it is not marked by any morainic or other 
noticeable accumulation at its edge, so that the difference in amount of 
superficial material is much less than where the drift limit is marked by 
the massive moraine of the second ice epoch. 

The drift clays are notably calcareous. Whence came this element~ 
It is manifest that the data already given furnish a basis for determin­
ing what would be the composition of drift if it were simply residuary 
material reworked and intermingled. The clays may be said to contain 
no· appreciable calcareous material. Taking the average amount or're­
sidnary rock in limestone regions as two feet, it is easy to calculate how 
large a calcareous ingredient this could impart to the residuary prod­
uct as a whole. 

Assuming that the residuary rock is pure dolomite, the result.ing 
product, if it were intermingled with the clay above, would ~·ield about 
22 per cent. of dolomitic material. This is much less than the drift 
actually contains, rock fragments being included in the estimate. Fur· 
thermore, it is manifest that certain deductions should have been 
made in the above computation, and that the intermixed residuum, 
even in limestone belts, would contain a much lower percentage of dol­
omitic material. For, in the first place, of the residuary rock, a not 
inconsiderable part is chert. It is estimated that this forms not far from 
one-fourth to one-fifth of the residuary rock. Again, the disintegrated 
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dolomite has quite certainly suffered a reduction of the percentage of 
its dolomitic ma.terial, since this is what was first removed in the 
process of disintegration; indeed, it. was this removal which constituted 
the disintegration, so that the latter is, in some sense, the measure of 
the former. The more completely the rock is decomposed, therefore, 
the less must be its percentage of dolomitic material and the greater 
its proportion of impurities, especially silica and silicates. 

If proper allowance be made for these considerations, it would prob­
ably reduce the percentage of dolomitic material nearly one-half. We 
estimate that it would be above rather than below the truth to place it 
at 15 per cent. of thP total residuum embraced in the preceding meas­
urements. 

It is further to be kept in mind that this estimate is based upon the 
residuary material of the limestone districts alone. It is manifest that 
if this were commingled with the residuary material from sandstone and 
crystalline areas, whence little or no calcic or magnesic carbonate could 
be derived, the total percentage of these ingredients which the drift 
would contain, if this were their only source, would be again reduced. 
This reduction would be in proportion to the relative areas of limestone 
and non-calcareous rock over which the drift forces acted. 

It seems to us, therefore, demonstrable that the products of secular 
decomposition are an incompetent source of the drift in general, though 
they made a notable contribution to the earlier glacial deposits. In the 
later, they played but an insignificant part. It seems to us not improb­
able that the total amount of material lost by wash during the ice age 
was greater than the whole of the residuary material. 

Rock surface.- A moment's attention to the surface of the rock below 
the residuary products will be of service for comparison with that pre­
sented beneath the drift mantle of the adjacent region. The limestones, 
particularly the rough-textured beds of the Lower Magnesian, Galena, 
and Niagara formations, present an exceedingly rough, rotten surface. 
Disintegration bas proceeded with more or less irregularity, and decay 
bas eaten the surface into pits and canals. Decomposition bas descended 
along the main crevices to great depths, very commonly a half a huudred 
feet, and not infrequently much more. For considerable distances below 

FIG. 44.- Section showing the formation of chimneys by irregular decay of surface. Very dark clay 
next the rock . Railway cut, east of Cobb, Iowa County, Wisconsin. 

the general rock surface deep ''chimneys," as they are termed by the 
miners, penetrate the beds, while lesser forms of the irregular disinte­
gration appear continually throughout the rock in various directions. 
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These features stand in striking contrast to the smooth-surfaced rock 
presented where glacial planation bas been effective. Tn 
the sandstone areas the rock surface is still more intlefiuite, 
owing to the less coherent nature of the rock. · 

This substratum of weakened, partially loosened rock 
offered material easily disrupted and remoYed by glacial 
action, while much of it was, at core, sufficiently resistant 
to form bowlders. In the earlier glacial action this, to· 
gether with the trrie residual material, constituted the chief 
local contributiO'Il to the drift. 

Capacity of the valleys, and its t'elation to the amottnt of re~ 
Ridtwry material.-We have previously called attention to 
the capacity of the immediate valleys of the Mississippi and 

::1 Wisconsin Rivers. It was estimated that to fill the trench ? ... 
of the Mississippi, excluding entirely lateral \alleys and its J" 
broad basin, and confining attention merely to the interbluff ~ 

gorge, would require a layer to be taken from the entire ~ 

surface of the driftless area of the thickness of about 25 ~ 
feet.· Estimating in the same way, we found that a laJ·e_r 
about 8~ feet thick would have to be cut from the entire 
surface of the driftless area to fill the immediate chasm of 
the Wisconsin River. It is somewhat difficult to arrive at 

g 

~ 
"' 'd 
8 
~ 
~ 

::1, 
a satisfactory estimate of the total capacity of the valleys 1} 

of the region. After having given the subject considerable ~ g 
attention in the :field, we l.Jaye arrived at the general impres- g 
sion that in the southern half of the district the capacity of g 

'd the valleys is less than the cubic contents of the ridges; g 

"' that is, if the whole were graded to a common slope, the g 
0 ..., plain so formed would lie nearer the crests of the region 

than the bottoms of the valleys. On the other hand, we ;;­
have formed the impression that in the northern half of the ~ 

district the reverse would be true; that, if the surface were [ 
reduced to a common plane, it would lie nearer the bottom a 
of the valless than the crest of the hills .. Averaging the ~ 
whole region, it appears to us that the capacities of the hills 
and of the 'Ta.Ue;ys are very nearly equal, and that to produce 
a uLiform plain having the same slope as the great rivers it 
would be necessary to cut down the heights half their alti· 
tude. 

Stating the question in terms of drift, it is roughly esti­
mate(l that, to fill up the valleys so as to produr.e a surface 
::;imilar to the a\'erage heavy drift surface of the adjoining · 
States, an average thickness of drift of about 150 to 200 
feet would be required, all the summits of the ridges being 
still left bare. To bury the whole region in drift so as to 
leave rock exposures as infrequent as they are in the heavy drift regions 

6 GEOL--17 
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of the four adjoining States would probably require at least an average 
thickness of 300 feet. 

Stating the problem in terms of residuary material, it is estimated 
that, if all the decomposed material upon the uplands and slopes were 
removed from the entire driftless region into the trench of the Missis­
sippi adjacent, it would fill it about one-third the way up. If it were 
all removed into the part of the Wisconsin trench within the area, it 
would barely fill it to the tops of its bluffs. If the entire residuary ma­
terial of the region were removed from the hills into the adjacent ra­
vines and valleys, it would scarcely produce an a1ipreciable modifica­
tion in the aontour of the region. When considered with reference to 
its ability to fill up the valleys of the eroded surface, the amount of re-
siduary material is absolutely trivial. · 

The bearings which these facts have upon the estimation of the 
amount of drift and the method of action of the drift agencies are mani­
fest. If the driftless region is a true index of the pre-glacial conditions 
of the surrounding region, it is obvious that either the hills were exten­
sively truncated, and the material thus derived used to fill the valley, or 
that there was a very large importation of foreign material, and the total 
amount of drift must be great. 

It is probable that some of the adjacent regions now occupied by drift 
plains were not originally so uneven as the average of the driftless area. 
But there seems to be no good reason for doubting that other portions 
had nearly equal relief. 
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These features stand in striking contrast to the smooth-surfaced rock 
presented where glacial planation has been efi'ective. In 
the sandstone areas tbe rock surface is still more indefinite, 
owing to the less coherent nature of the rock. 

This substratum of weakened, partially loosened rock 
offered material easily disrupted and removed by glacial 
action, while much of it was, at core, sufficiently resistant 
to form bowlders. In the earlier glacial action this, to­
gether with the true residual material, constituted the chief 
local contributioo to the drift. 

Capacity of the valleys, and its relation to the amount of re­
siduary material.-We bave previously called attention to 
the capacity of the immediate valleJ"S of the Mississippi and 
Wisconsin Rivers. It was estimated that to fill tlle trencll ... 
of the Mississippi, excluding entirely lateral valleys and its 1 
broad basin, and confining attention merely to the interbluff ~ 

" gorge, would require a layer to be taken from the entire i 
surface of the driftless area of the thickness of about 25 ~ 

feet. Estimating in the same way, we found that a layer 
about 8~ feet thick would have to be cut from the entire 
surface of the driftless area to fill the immediate chasm of 
the Wisconsin River. It is somewhat difficult to arrive at 
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a satisfactory estimate of the total capacity of the valleJ·s ~ 
of the region. After Laving given tlw subject considerable ; 
attention in the field, we llave arrived at the general impres.. ~ 

[ sion that in the southern half of the district the capacity of ~ 
'd the valleys is less than the cubic contents of the ridges; Sl 
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that is, if tlle whole were graded to a common slope, tlle § 

plain so formed would lie nearer the crests of the region ~ g; 
than the bottoms of the valleys. On the other hand, we ~ 
have formed the impression that in the northern half of the 2 
district the reverse would be true; that, if the surface were ~ 

reduced to a common plane, it would lie nearer the bottom ~ 

of the valleys than the crest of the hills. Averaging the " 
whole region, it appears to us tllat the capacities of the hills 
and of the valleys are very nearly equal, and that to produce 
a ur..iform plain having the same slope as the great rivers it 
would be necessary to cut down the heights half their alti­
tude. 

Stating the question in terms of drift, it is roughly esti­
mated that, to fill up the valleys so as to produce a surface 
similar to the a\·erage heavy drift surface of the adjoining 
States, an average thickness of drift of about 150 to 200 
feet would be requireu, all the summits of the ridges being 
still left bare. To bury the wllole region in drift so as to 
leave rock exposures as infrequent as they are in the heavy drift regions 
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we have specially to consider here was the product of tlJe Green Bay 
glacier, a tongue-like lobe of the great northern mer de glace. 'l'his 
tongue pushed down through the Green Bay Valley, deploying to the 
right and left as it protruded southwestward. It seems to have actu­
ally encroached iu some measure upon the area which had previously 
been driftless, so that a segment, reaching from Dane County to Wau­
shara County, lapped upon the driftless territory and formed a new 
border of drift hills strikingly in contrast with the older attenuated 
margin. The course of this moraine along the border of the drift­
less region and in the adjacent territory may be best understood by 
reference to the accompanying map. The terminal curve of the Green 
Bay ice lobe, at the time it was forming this moraine, lay athwart the 
Rock River Valley in Roclr County, in Southern Wisconsin. Tracing 
this to the westward, it is found to strike the driftless region in the 
southwestern quarter of Dane County, and there, entirely overlapping 
and passing be.yond the old drift sheet, it forms the new morainic bor­
der. It curves gradually more and more to the north through Dane 
aud Sank Counties, and then gently recurves to the east of north, and 
in Waushara County leaves the clriftless region and passes oft' upo~ 
the old drift territory, and throughout, its further course does not again 
come in contact with the territory undflr consideration. 

The vicinage of this terminal moraine affords fine contrasts between 
the characteristics of driftless and drift-bearing regions. Approacl1ing 
it from the driftless tract, we travel over rolling country, every rod of 
which shows the impress of subaerial· erosion and over every acre .of 
wllich are spread residuary earths unmixed with glacial erratics. At 
the border of the drift, sharp ridges are suddenly encountered, together 
with knolls, peaks, kettle boles, indented surfaces, and contorted, if 
not distorted, valleys, the whole forming a combination utterly impos­
sible of formation by drainage sculpture. Over the surface are scat­
tered in profusion erratics representing nearly all the formations that 
lie within a range of 500 miles northeast. Crystalline and clastic rocks 
are commingled in inextricable confusion. Turning to the substratum 
where laid open by natural or artificial agencies, instead of the rock 
core, which in the driftless region uniformly lies beneath the shallow 
mantle of residuary earth, we find the morainic hills often wholly com­
posed of heterogeneous till. Sections of 30 and 40 feet of drift are occa­
sionally displayed among the outermost ridges, with clear indications 
that the part laid open is far from being the whole. The total depth of 
drift is unknown, but is probably not less than 300 feet at some points 
along "the margin. 

Standing on the border line, along the face of the moraine, no ob­
server can fail to be impressed with the verity of the contrast in the 

. phenomena presented, nor with its extreme significance. On tLe one side 
there is a perfect drainage system; on the-other, drainage is incomplete 
and considerable areas have no external drainage at all. On the one 
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hand is a region everywhere betraying the impress of drainage sculpt­
ure; on the other, a region which drainage sculpture is absolutely in­
competent to produce. On the one hand the drainage lines are sym­
metrical; every least ravine fitly joins its neighbor ravine, and their 
confluent valley joins another of like origin, leading on and on to other 
unions until the whole system bas gathered into the great drainage 
arteries of the region. Not au acre is without its appropriate portion 
of the drainage system, save an occasional solution pit, or an abandoned 
channel on the bottoms, or an inter-dune depression. On the other 
hand, the drainage line~ are distorted into irregular and anomalous 
forms; the valleys are gnarled and twisted, blocked by riuges, or anol? 
expanded into fiats and marshes or lakes, or otherwise deformed in the 
most irregular and unsymmetrical fashion. On the one hand are intel­
ligibly arranged ridges, betraying the hand of nature's symmetrical 
sculpture; on the other, ridges bunched in the most irregular forms, 
setting at defiance all laws of symmetry and order\y arrangement. 
There is the contour-beauty of symmetry set over against the even more 
unique beauty of asymmetry. On the one hand are rolling hills, with 
smooth erosion contours or with mural faces outjntting along their 
steep sides;· on the other, a sea of confused drift hills. On the one 
side is a thin mantle of residuary material; on the other, a thick, cor­
rugated sheet of heterogeneous drift. On the one side is only local 
material, the simple result of universal terrestrial agencies; on the 
other, an inextricable mixt.ure of local, semi-local, and foreign material, 
the extraordinary results of phenomenal causes. The one region is 
bowlderless, while over the other are strewn in great abundance errat­
ics from distant regions. On the one hand the rock surface below the 
residuary mantle is of an irregular, rotten, half-decomposed character; 
on the other hand it is usually denuded of its decomposed material, its 
asperities are reduced, and its surface is polished and striated in that 
unique fashipn which is the distinctive work of glaciers. 

The fringing deposits of glacial waters.-Outside the moraine lie two 
classes of deposits which gathered apace with it. The precipitation 
which fell upon the western slope of the glacial lobe, together with the 
water which arose from the same part of the glacier by melting, was 
shed from the edge, except the portion that may have found exit be­
neath in other directions and the portion lost by evaporation. Copious 
streams were doubtless the result. It is not difficult to understand 
that these, as they issued from the glacier, should have been exception­
ally charged with silt, sand, and rolling stone, and that, as turbid 
waters, they poured down the channel-ways that were open to them. 
Long trains of glacial wash stretching away from the edge of the ice and 
leading down the several valleys testify to the reality of such streams. 

The most .notable flood-train originating on the actual border of the 
tlriftless region is that which stretches down the valley of the Wiscon­
~in River. The edge of the ice lobe crossed the Wisconsin in the west-
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ern part of Dane and Sank Counties. In tbe immediate valley of the 
river the moraine is lar·gely composed of gravelly constituents, disposed 
in kame-like hills and ridges, or undulatory and pitted plains, showing 
the combined action of wash and push on the part of the glacier and 
its waters. Originating from this gravelly moraine, there stretches 
away a flood-train of gravel and sand, reaching down the valley to the 
Mississippi, and, there joining similar.gravel streams originating higher 
up, it continues down through the driftless area and beyond, though only 
remnants now remain. This valley drift originates at a height of about 
90 feet above the present level of the "nsconsin River, and as it stretches 
down the valley gradually declines, so that, as it leaves the driftless 
region, it is barely 50 feet above the Mississippi. Near its origin coarse 
cobbles, bowlderets, and even occasional bowlders are not infrequent. 
Farther down, the material becomes finer, and, in the lower stretches, 
only pebbles and sand are found. The lessening coarseness of the de­
posit seems to show that as the glacial waters issued from the edge of 
the ice they were overloaded and struggling with a burden too great 
for their complete mastery; and, while they successfully carried the 
silt, sand, and even some of the finer gravel far down their courses, the 
heavier material in large part lodged near its origin and progressively 
filled the bottom of the channel. 

This phenomenon, of which the Wisconsin Valley presents the only 
complete example lying entirely within the driftless region, finds other 
examples in several streams which cross the region. The Black River, 
the Chippewa, the Mississippi, and the Zumbro are all attended by such 
glacial flood deposits, which may be traced back to their origin on the face 

·of the outer moraine. All these glacial flood plains slope more mpidly 
than the present st-reams. The train iu the Chippewa Valley falls a 
little more than six feet per mile in the first 40 miles of its course, and 
over five feet per mile from its source on the face of the moraine to the 
Mississippi. In crossing the driftless area the glacial flood plain of the 
Mississippi declines about 50 feet more than the present stream. 

Tlte jr·inging deposits of ponded waters.-It is manifest that a broad gla­
cier moving out upon an area carved into an intricate system of valleys 
must necessarily have obstructed a portion of them, and, so far as it was 
competent to do so, must have ponded back their drainage and poured 
into them its own also, forming marginal lakelcts, in which would be 
deposited the wash from the surrounding land and the sediment which 
the turbid ~lacial waters bore into them. The moraine is fringed with 
such deposits. For the most part they are limited in extent. A fine 
example is found in the valley of the Baraboo River. The ice movement 
from the east occupied the valley to a point a little above Baraboo, and 
there threw up its terminal ridges athwart the valleJ·; so that both ice 
and morainic deuris contributed to dam back the stream. The result 
was the deposit throughout the valley of a stratum of silt of very con­
siderable thickness. It would appear from present evidence-not yet 
demonstrative, however-that the waters were ponded back until they 
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were able to overflow into _the plains of Juneau County, over a low inter­
vening col. 

A much more extensive and impressive example was caused by the 
obstruction of the Wisconsin River itself. It appears highly prob­
able that before the glacial period the Wisconsin Ri>er, after pursuing 
a course in its upper portion not greatly different from its present one, 
crossed the Baraboo ranges in Sank Connty by the gap in the range 
now occupied by the Baraboo River, and known as the Lower Narrows, 
and through the gap in which Devil's Lake now lies.l This latter is a 
picturesque canon 400 to 475 feet deep at the locality of the lake. The 
configuration is such as to leave little doubt that the original canon was 
at least 600 or 700 feet deep. This is now blocked by a stout moraine to 
a probable depth of 300 to 400 feet. The occupancy of these gorges by 
the ice and morainic debris cut off the drainage of the greater portion of 
the Wisconsin basin from its accustomed outlet. Not only that, but the 
slopes of the adjacent glaciers presumably discharged an unwonted 
amount of water into the upper basin. The result appears to have been 
the accumulation of a somewhat extensive lake, occupying the plains of 
parts of Adams, Juneau, Wood, and Jackson Counties, which bad been 
previously reduced essentially to a base level of erosion, as previously 
described. Without rising to very considerable height, this lake found 
an easy discharge into the valley of the Black River and thence down­
ward to the Mississippi. It resulted in spreading over those plains a 
sheet of sand and silt and in developing that smooth surface expression 
that now characterizes them. 

FIG. 46.-0ld gorge of the Wisconsin Rivedhrough the Baraboo quartzite ranges; blocked by moraine. 
shown in center of cut. De·dl's Lake, entrapped between morainic ridges, in the foreground. Elnft':i 
400 to 4i5 feet high. Ancient gorge probably fill ed with drift 300 to 400 feet. 

1 Irving, Geology of Wisconsin, Vol. II, 1877, p. 508. 
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ATTENUATED TILL-AND-BOWLDER BORDER. 

We have alreadyseen that the Kettle moraine swings away from the 
border of the driftless.region, both at the north and at the south, and 
leaves outside of itself a portion of the older drift-sheet, which was not 
ove~ridden by the ice of the later epoch.· It is the margin of this older 
drift sheet which now claims our attention. If evidence is desired that 
this drift is much older than the moraine, it may be found in several 
lines of testimony. The very fact that it lies outside of the Kettle mo­
raine- that is, beyond the extent to which the moraine-forming ice-sheet 
reached- is sufficient indication that it is older under the accepted vie\v 
that it is of glacier origin. This, howevf'r, does not of itself indicate that 
there is any notable difference between the ages of the two. The mo­
raine might be conceived to mark merely an oscillation in the retreat 
of the ice. Additional evidence is required to prove distinct diversity 
of age. 

Beneath the overwash gravels that fringe the moraine in the Rock 
Hiver Valley there are considerable accumulations of vegetable mate­
rial. The wells of Johnstown, Rock County, sunk at various times dur­
ing the last thirty years, have frequently penetrated these. The maxi­
mum depth of material charged with vegetal remains is several feet.I 

- The time requisite for the accumulation of this vegetable matter, while 
somewhat considerable, was not, geologically speaking, necessarily 
prolonged. Such deposits have, however, been regarded as proving 
distinct difference of age. 

A surer indication of notably greater age, in our judgment, is to be 
fouud in the very much more marked surface modification of the older 
drift. The contours of the moraine and of the later drift sheet within 
the moraine are notably fresher. As previously indicated, drainage 
has not yet had time to fully establish· itself. Numerous sinks and 
marshes remain as yet undrained. Numerous indentures of bills and 
irregular contours resulting from the impact of the ice remain not only 
unobliterated, but in many instances almost unsubdued. On the con­
trary, the drift outside the moraine presents universally softened con­
tours, with nearly or quite perfected drainage systems, and a configu­
ration which, while more gentle than tlmt of the driftless region, yet 
approaches it in its conformity to the laws of drainage sculpture. These 
features are not easily expressible in definite terms, bnt they appeal to 
the experienced eye with a force not to be escaped or misunderstood. 

Of like import with the subduing of the surface by drainage is the · 
deep oxidation of material and the advau~ed stage of disintegration of 
the pebbles and bowlders. It is a very notable fact tl•at disintegrated 
pebbles and bowlders are very much more common in this older sheet 
of drift than in that within the moraine. In some instances a large 
percentage of such constituents as are susceptible of ready disintegra-

1 From information furnished by Rev. Mr. Reynolds, of Johnstown. 
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tion have suffered marked decay. Some allowance is undoubtedly to 
be made for the original condition of the. drift material. The earliest 
ice incursion acted upon the disintegrated surface of rock of pre-glacial 
times, and scraped from it material which undoubtedly contained a 
larger percentage that was already undergoing decomposition than 
did that of the later incursions, which acted upon a surface from which 
these partially decayed materials bad already been pushed away. We 
have made efforts in the field to discriminate between material which 
was probably already partially disintegrated when taken up by the ice 
and that which underwent decomposition subsequent to its deposition. 
While fully appreciating the difficulties of such a discrimination and 
the doubts that must attach to resultR, we yet think that some meas­
ure of success has been attained, and we feel confident that a very 
considerable percentage of the amount of decay presented by the ma­
terial of the older drift is due to decomposition which took place subse-
quent to its deposition. . 

Moreover, while decomposition has been in progress, the opposite 
process of cementation has likewise been active. Many of the old gravel 
deposits have been quite extensively solidified. This solidification has 
been accomplished variously by calcareous, ·ferruginous, or silicious 
cement. While this is a very common phenomenon in the gravel banks 
of the older drift, it is far less frequent in the gravel hills of the 
moraine and the region within. This difl"erence is most notable in the 
induration due to ferric oxide. Ferruginous secondary conglomerates 
are by 110 means common in the newer drift, while·they are measurably 
frequent in the old. 

In further support of these evidences, we shall endeavor to show 
presently that the attitude. of the surface was quite different in the 
periods marked by the two deposits. 

Since a general change of conditions involves time in its production, 
an evidence of diversity of age may be found in the very facts which 
we are describing, namely, the differences in the character of the drift 
border. 

Nature of the border.-There is a very significa~t contrast between the 
margin of the older drift sheetl and the morainic border of the newer 
drift, which we have previously described. There is a total absence of 
the thickeued ridge border that so sharply delimits the latter~ Even a 
keen observer fails to note the point of passage from the drift-bearing 
to the driftless region, unless his attention is studiously directed to the. 
subject. Even then he will be able to determine the.exact limit only 
by a vigilant outlook for erratics. In general, the drift terminates in 
this way: Approaching the edge from the drift side, the till becomes 

1 We do not here wish to assert or imply any final opinion as to whether this older 
sheet is the oldest of the drift sheets known to us in the interior or not. We do, how­
ever, desire to be understood as holding that this belongs to one of the two or more 
ancient drift sheets, as distinguished from the two or more later drift sheets whose 
margins are marked by the great moraines of the interior. 
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gradually thinner and discontinuous, until, at length, it disappears in an 
irregular patchy border. The bowlders and pebbles, meanwhile, have 
had a wider range than the till, and are usually scattered more or less 
freely over the patches where no bowlder clay remains. These stony 
elements usually extend beyond the limit of the bowldery clay a short 
distance. In some places bowlders of moderate and occasionally con­
siderable size (two to four feet in diameter) form the extreme limit of 
detectible drift. In others bowlderets and pebbles constitute the ex­
treme margin. Bowlder clay, however, sometimes lies within half a 
mile of the extreme border. 

The bowldery clay is sometimes of the true glacial type up to within 
a mile of the border, being composed of a calcareous clay matdx of that 
physical aspect that indicates a mechanical origin, in which are im­
bedded glaciated stones, some of which are derived from the adjacent 
formations, some from more distant ones lying at various points back­
ward to 300 miles, showing that the glacier which produced the deposits 
must have gathered its material at various points along the line of 
glacial movement for 300 miles or more backward. But on the imme­
diate border this typical glacial till is largely replaced by a mixture in 
wbich residuary clay and slightly modified rock fragments are prevalent, 
in other words, residuary surface material rewrought and mingled with 
a moderate contribution of foreign material. But even in these deposits 
the clay matrix usually gives prompt effervescence on the application 
of acid, indicating that it is not simply residuary clay. Striated peb­
bles are not uncommon in this, but are not so abundant as iii the pre; 
vious class. The bowlders of the extreme border are not usually gla­
ciated~ but some of them have contours t,hat give the impression that 
they have suffered glacial reduction. Many of them, however, indicate 
a glacial origin only by their rounded forms and firm outlines. Their 
rounded forms might, to be sure, have been attained by decomposition 
and exfoliation, but their clean, smooth faces are manifestly not the 
products of decomposition, but of some form of abrasion, and their sizes 
and contours point to glacial attrition .. Nevertheless they do not bear 
in themselves conspicuous evidences of glacial action, and may have 
been borne mainly within the basal body of the ice rather than pushed 
along its bottom. 

Beds of assorted and stratified material are relatively rare along the 
margin, another feature of contrast to the adjacent morainic border, in 
which the products of wash are impressive features. At occasional 
points there are beds of gravel and sand associated with bowldcr,y clay 
or replacing it; Only in a few instances,are there accumulations of the 
kame type near the edge, though these are not infrequent at some dis­
tance back from it. Some instructive examples of these are fountl in 
the vicinity of Monroe, V\Tis. 

These are not independent hillocks but are embossments on the slopes 
of rock ridges. ':l'hey consist of assorted material stratified in oblique, 
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discordant, and to some extent disturbed attitudes, and, in three in­
stances, were found overlaid by a few feet of calcareous till charged with 
glaciated stones. As topographical features, however, they are quite 
insignificant and would arrest the attention of only the most experi­
enced observer. They are, nevertheless, very significant features, since 
they indicate important conditions. A part are !;let on slopes facing 
westerly toward the driftless region, a part on easterly slopes, and 
all lie below the summit level of surrounding hills. The little knolls 
in the western part of the city of Monroe appear to be almost entirely 
composed of drift gravel, but were too ill exposed to admit of satis­
factory observation. Al>out 1z miles southeast of the city three large 
pits have been opened upon these deposits. Two of these show depths 
of about 20 feet and the other about 15 feet. Though differing among 
themselves, they all present a like general phenomenon. The upper 
portion is composed of till whose matrix is a calcareous clay. In this 
are imbedded a plentiful supply of glaciated pebbles of limestone; in 
part from the adjacent Galena formation and in part from compact 
white Niagara limestone, whose nearest appe~rance in situ is at least 
60 miles to the eastward. There is also embraced a considerable per­
centage of various crystalline pebbles and bowlders, reaching up to two 
feet in diameter. About three-fourths of these are Archean, the re­
mainder being limestone, chiefly of thC? two kinds indicated. Notwith­
standing the fact that these bowlders have been imbedded in clay, they 
present a notable degree of disintegration. Not a few of them were 
broken squarely across in the progress of developing the pits, while 
others were in a crnm bling condition. It appears manifest to us that a 
considerable portion of this disintegration must have taken place since 
they were deposited, because they are now too fragile to withstand 
the vicissitudes of transportation for the 300 or more miles which they 
must have traveled from their original home. Furthermore, the exteriors 
often show a polishing of which they would not now be susceptible. The 
calcareous character of this till and the numerous finely glaciated pebbles 
within it deserve especial note. Below this stratum of till, at the three 
localities alike, lie from 10 to 15 feet of glacial gravel and sand, of va­
rious degrees of fineness, which, for the most part, has been well assorted 
and deposited in oblique and cross laminations. In a few instances, 
manifest disturbances took place after t.he first deposition, and the re­
lations of the till to the gravel became involved in the disturbance. At 
one point, a neat little illustration of minor faulting occurs which would 
appear to have been contemporaneous with the original deposition. The 
sand is nearly everywhere calcareous and cleau limestone pebbles form 
a large element of the gravel, though chert is its most abundant con­
stituent. Immediately l>eneath the gravel comes a rotten-surfaced lime­
stone or a residuary clay. But not enough was seen of the bed of the 
pits to justify any general statement. 
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;rhese facts, though they fall much short of setting forth the full 
phenomena, sufficiently indicate that at the time of the formation of 
these deposits there must have been a discharge of waters capable of 
assorting the material and reducing to roundness a portion of the drift. 
This took place in advance of the agenc.r which spread over them tbe 
stratum of till. The large percentage of glaciated material in this till 
and its calcareous character seem to us clearly to indicate its subgla­
cial transportation, and, as tbe gravel is of essentially the same consti­
tution, we regard it as a derivative from the same source as the till, 
but deposited in advance of that special portion of the till that over­
lies it. The topographic situations in whicb these deposits are found 
are such as to forbid their explanation on any glacio-natant hypothesis, 
if, indeed, the very constitution of the deposits themseh·es does not 
entirely negative such a view. We appear to lmve an instance here of 
deposits of assorted drift carried forward by glacial waters in advance 
of the ice or else deposited under its margin in caTernous arches, the 
deposits being subsequently overridden by the advancing ice and buried 
beneath a layer of till. 

A part of the attenuation of the old drift border is doubtless due to 
erosion subsequent to the time of its formation, but we have been un­
able to find any evidence that the border ever consisted of any special 
aggregation of drift to which ~e would. apply the name terminal mo­
raine. On the contrary, the drift mantle seems to us to have originally 
thinned out gradually to an attenuated edge. It is scarcely possible 
tbat the Kettle moraine, or any other of the pronounced terminal mo­
raines, could be reduced by erosion to the phase which the old border 
presents. 

Course of the border of the old drift.- As previously observed, the mo­
raine forms the concave east side of the driftless quadrilateral. Tbe 
border of the old drift, which we have now under consideration, forms 
the two adjacent sides, namely, the short southeastern side between 
Dane County, Wisconsin, and Sa,·anna, on the Mississippi, in Carroll 
County, Illinois, and the northern concave border stretching from the 
Wisconsin River westward to the Chippewa Valley. 

On the southeastern side the old drift emerges from beneath the 
moraine in Vernon Township, Dane County, Wis. Its course thence 
is southwesterly to the vicinity of Savanna, on the Mississippi River. 
In general,_the line is nearly direct, but in detail it undulates to and fro 
to the amount of three miles. The course is over hills and valleys quite 
irrespective of the special topography. The advances and recessions 
of the marginal line appear to correspond to topographical features 
lying back from the margin, to which the sinuosities are perhaps due. 

In southern Jo Daviess and Carroll Counties, Illinois, as the Missis­
sippi is approached, the border of the drift is overlain by a thin mautle 
of loess, which stretches back from the Mississippi and covers a portion 
of the otherwise driftless region and a portion of the drift border. 
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On the north, the emergence of the old drift sheet from the la~er 
one is not so definitely determinable on account of the sallll plains and 
marshes which prevail in the ba~;in of the Wisconsin. Some of these 
sand flats are o>erwash products of the glacial floOlls of the later epo::~h. 
The plains appear to have been occupied by waters ponded back by the 
obstruction at the Baraboo ranges, as heretofore described. The presence 
of these ponded waters se·ems to have given a wide distribution to the 
sands and silts of. the glacial wash, and these contributed to bury the 
surface and render the tracing of the earlier drift; mar:gin difficult and 
uncNtain. The marshes tlwt prevail at certain points contribute their 
share to increase the difficulty. Aside from these unfavorable condi· 
tions, the limit of dispersion, where it is traceable, gives reason ~o think 
that the border was even more attenuated than in the more rolliug re· 
gion above described. But the precise quarter section to which it 
reaches is immaterial, except that it would be serviceable to know its 
exact course at the junction, since that might give us a hint as to what 
was the outline of the driftless regio~ before it was encroache~ upon by 
the later glacier, which pushed its moraine out upon it. So far as we 
can gather from the data at command, the amount of this encroachment 
was but slight. 

With the qualifications which these elements of uncertainty impose, 
it may be said, as representing our best knowledge, that the bonier· of 
the old drift which disappears beneath the moraine in southern Dane 
Uounty emerges again in Portage County. Thence its course is west­
erly, curving gently to the north, to the Chippewa Valley, passing 
through Wood, Jackson, Clark, Trempealeau, antl Eau Claire Counties· 
'fhc slight curvature which it presents indicates a getitle lobation of 
the ice as it crept down the southern slope of the Wisconsin high­
lauds. 

Throughout the larger portion of this course, the border lies upon a 
smooth, gentle, southerly-sloping plain which is almost without relief 
in the eastern portion. On this plain the drift is attenuated to more 
than its usual degree, and the margin consists only of scatteretl erratics, 
sparsely distributed on the extreme edge. Traced bacl•, these thicken 
all(l become mingle<] with a thin mantle of bowluer clay which only at­
tains a consiUerable depth at points distant from the margin. In the 
Chippewa Valley, the drift border becomes involved in a complexity of 
formations which may be best considered a little later. The immediate 
valley of the Chippewa and its la;rger tributaries, the Ean Claire and 
the I~ed Cedar, arc widely filled with an immense stream of glacial 
flood deposits derived from the Chippewa lobe of the glacier of the later 
epoch. These flood deposits conceal all earlier ones that lie within the 
immediate valley·, and the backwater deposits, caused by the silting up 
of the main streams, in like manner bury whatever may occur in the 
minor tributaries. In the vicinity of the Mis~issippi an attenuated 
mantle of loess stretcht>s out over drift. and driftless areas alike and 
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partially conceals the earlier formations. But the most serious diffi­
culty in exact ddimitation arises from the exceedingly attenuated dis­
trilmtion of the pebbly border, presently to be described. The furthtr 
consideration of this border will therefore be resumed in that connec­
tion. 

It is only the northern and the southeastern _sides of the driftless 
quadrilateral that belong exclusively to the till-and-bowlder border, 
the eastern concave side being morainic and the long convex western 
side having an attenuated pebbly border. 

Absence of valley drift.-We haye noted as a conspicuous fact that 
there stretch away from the morainic border trains of valley drift, 
formed by glacial drainage. It is especially noteworthy that no such 
trains have been found as appendages of the earlier drift sheet. This­
is a most singular and, we think, most significant fact. So far as 
present topography is concerne1l, there is no essential difference be­
tween the later border in Dane and Sank Counties, where gravel 
trains stretch away from the moraine, and the older border in Dane 
and Green Counties, Wisconsin, and Jo Daviess and Carroll 0(\unties, 
Illinois, where trains are not found. This latter border .lies upon roll­
ing country, and tbere lead away from it valleys ofuotable size, which 
we should naturally expect would have drawn very considerable drain­
age floods from the margin of the ice. Valley trains having escaped 
notice in the earlier observations of the region, the subject received 
special attention in our later studies, with almost entirely negative re­
sults. Nowhere have we found satisfactory evidence of the existence 
of such valley trains. Only in one instance have we found drift gravel 
in such a valley, and in that instance the deposit was a fine gravel 
mixed with saud situated beneath the present flood plain and not in 
the form of a shoulder or manifest remnant of an old train. Our ex­
aminations have not been completely exhaustive, and we ha,.:e not yet 
entirely dismissed the view that remnants may yet be found to exist; 
bntour observation§! upon the exterior of the older drift at various points 
between Ohio and Dakota have revealed a similar condition of things 
there, when we have eliminated those valley trains which are referable 
to the later glacial stages. Whatever may be the result of the future 
intended search for such deposits, our ouser_vations at present are 
snfficient, we think, to certainly forecast two results. It will be found 
(1) that such deposits were never formed in quantities comparable 
to those of the later epoch, and (2) that denudation since bas ueen 
sufficient to remove almost or quite completely such deposits as did 
accumulate. It seems well nigh impossible to frame a satisfactory 
conception of the conditions then prevalent which would not nece.ssi­
tate the deposition either of coarse or of fine sediments in these 
border-draining valle,ys. Still, if the ice of the earlier epoch were 
relatively thin near its margin-and there are independent reasons 
for thinking it was so-:-it would probably be more influenced by snbja-
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cent topography than if thicker, and would be more extensively cre­
vassed. This would provide a way by which superficial streams would 
ue transferred to the bottom of the glacier before reaching the margin, 
and they would then doubtless be led away beneath the ice by streams 
which found exit mainly through the great arteries of drainage, instead 
of the numerous small ones along the margin of the ice. If this 
were true, it would be natural to suppose that these main valleys would 
be all the more filled with drainage material, UI;~less it" lodged beneath 
the ice. But we have not discovered this to be true. 

If the general slope of the surface were lower, there would have been 
a less prompt withdrawal of the glacial waters and their transporting 
power would have been reduced. 'l'h1s would aid us in accounting for 
the absence of coarse gravelly material, such as constitutes a large 
element in the valley trains of the later epoch; but this lower gradient 
would have facilitated the deposition of a finer grade of material, the 
sands and silts with which the glacial waters must have been abun­
dantly supplied. It is perhaps possible to conceive, for a given locality, 
an inter~1ediate balancing of conditions which was unfavorable to the 
transportation of the coarser material, but yet furnished slope enough 
to enable the waters to carry away the liner suspended silt, so that only 
a relatively limited intermediate grade of fine sand was enabled to find 
lodgment in the valleys. It seem!:l difficult, however, to imagine that 
such a balance of conditions should have been very widely prevalent 
when we consider the varying gradients of the valleys now affected by the 
phenomenon. It is not, however, irrational to suppose that conditions 
may have prevailed which prevented the deposition of any considerable 
gravelly material at the one extreme or fine tenacious clay at the other, 
and which favored a moderate deposition of the ligltter sands and silts, 
which, being readily erodable, disappeared during the long interglacial 
epoch which we have other reasons for believing intervened between 
the later and earlier main epochs. Whatever may be the true explana­
tion, the phenomenon remains a pregnant one and constitutes a dis­
criminative criterion of great value . 

.ATTENUATED PEBBLE-DRIFT BORDER. 

The contrast between the attenuated till-and-bowlder border and the 
morainic border is carried into still further antithesis by the attenuated 
pebble-drift border. The limitation of the last is as vague as that of the 
moraine is uold. The characteristics of the one are as indecisive as those 
of the other are pronouncerl. Starting from the center of the driftless 
region and going eastward we abruptly encounter the moraine; start­
ing from the same point and going westward we first find, by diligent 
watchfulness, an occasional well-rounded foreign pebble. Farther on, 
pebbles increase in frequency and size. Still farther on, there appears a 
thin stony-clay bed, in. favorable localities, having a matrix scarcely 
distinguishable from the residuary clay of the region, in which are 
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mingled pebbles of foreign origin, together with cherts and other local 
material common to the residuary mantle. Further progress in this 
direction uevelops a more general distribution of tllis formation over 
the surface and an increasing thickness as ·well as increasing size of 
includeu erratics. Still farther on, this merges into one of the older 
drift. sheets of Iowa and Minnesota. The width of this attenuated tract 
of drift reaches 30 miles, though it is usually less than that amount. 
(See Plate XXVII.) 

The character and distribution of the pebbles are very peculiar. 
On the extreme border they consist almost exclusively of small well­
rounded pebbles of white quar-tz. Usually these are few and scattered 
and are found mixed with local angular cherts and residuary clay, pre­
senting a combination as singular as it is trivial. The quartzose peb­
bles are not usually very different from such as might be formed by se­
lection from the silicious nodules of the local limestones, and for a 
time there seemed reason to think they were merely local. A grave 
objection to this view, however, lay in the fact that they were so thor­
oughly rounded and reduced to small size, while the local material with 
which they were associated betrayed no evidence of modification. Fur­
thermore, as observations became more numerous, there appeared 
among the round, white, quartzose pebbles not uncommon instances of 

. deep-red, jaspery ones. .Now, while t.here are red flints in abundauce 
among the residuary products derh·ed from the limestone, they very 
rarely assume the jaspery hue of these pebbles, which is indistinguish­
able from that of the Huronian jaspers of Lake Superior. Further 
search, especially along lines leading westward toward the heavier 
stratum of drift, brought to light occasional instances of banded jas­
pery hematites, to which nothing similar is found in the local series. 
So, also, there occasiona11y appeared a pebble of one of the greenstones 
of manifestly foreign derivation. Then, also, but more rarely, a pebble 
of granite or of porphyry was found. With these undoubted erratics, 
the white, quartzose pebbles were found mingled more abundantly than 
near the border, where their origin seemed problematic. Passing west­
ward toward the body of the drift, these several ingredients increase 
in number aud in size, the red, jaspery pebbles become more frequent, and 
the greenstoues increase with greater relative rapidit,y, if our uumerous 
obser\'a.tious are truly repre8entative, and other classes of pebbles min­
gle more freely. As the border of continuous drift is neared and this 
pebbly deposit becomes more nearly universal in its distribution, the 
lithologic range of pebbles becomes greater. 

There may be ground for suspecting an intermixture of pebbles rep· 
resenting the two drift members of the adjoining region. An average 
of the several analyses which we made at di:fterent points in Iowa, 
Minnesota, and Wiscousin gives the following assortment: Of the 
greenstone class, 46 per cent.; of quartzites and jaspers, 19 per cent.; 
of white and light colored quartz, 12.3 per cent.; of the granitic class, 
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18 per cent.; of hematites, 2.25 per cent.; of porphyries: 2.3 per cent.; 
unclassified, .15 of 1 per cent. Under the term "greenstone" we group, 
for convenience, a variety of augitic and bornblendic rocks, both mas· 
sive and schistose. It is impracticable in the field to identify great 
numbers of pebbles with sufficient nccuracy to classi(y trustworthily 
by lithologic species. It is also impracticable, in many instances, to 
determine the precise formation from which they were individually de­
rived. There are pebbles of the greenstone class that might be derived 
from either the Keweenawan, Huronian, or Laurentian series, or from 
.rocks intruded into these. We entertain little doubt that the majority 
were derived from the Keweenawan and Huronian formations of the 
Lake Superior region, notwithstanding the possibility of derivation in 
part from the Laurentian seril's. 'rhe jaspery pebbles and hematites 
are distinctively of the Huronian type. The granitic pebbles we refer 
with little hesitation to the Laurentian Series, though a few may be 
derivatives from intrusions in the Huronian and Keweenawan series. 
Tile small, light.coloreu quartzose pebbles haYe a less certain source, 
but we incline to the belief that the most of them came from the con­
glomerates of the Cretaceous series, coinciding in this with a sugges­
tion previously made by Prof. N. H. WinchelJ.I Reckoning the green­
stones, quartzites, jaspers, hematites, and porphyries as Huronian and 
Keweenawan, the granites, gneisses, syenites, &c., as Laurentian, and 
all the quartz pebbles as Oretaceous, the results are as follows: Huro­
nian and Keweenawan, 69.55 per cent.; Laurentian, 18 per cent.; and 
Cretaceous, 12.3 per cent. 

On the border of the pebbly tract nothing like a definite layer of 
foreign material is developed. Farther back the semblance of such a 
layer is preserved in favorable localities. It consists of a stony-clay 
mixtn"re, the erratics of which are usually well-rounded pebbles and 
but rarely glaciateu. These are imbedded in a clay that very closely 
resembles tlle residuary clay of the region and embraces considerable 
quantities of angular chert and other local rock fragments. It would 
be practically impossible to distinguish this clay from the residuary clay 
of the region, in the majority of cases, were it not for the intermixture of 
the foreign pebbles and a small ingredient of sand. There is, however, 
an occasional instance of stratificatiou and of slight assortment, which 
is not common in the residuary mantle. This stratum is rarely more 
than three or four feet in thickness. Sometimes this semi-foreign mantle 
lies directly upon the rock surface, there being below it no intervening 
stratum of residuary earth. The rock surface in these instances is a]. 
most universally deeayed and rotten, of a type almost precisely like 
tli.at of the driftless region. In other instances there lies below the 
stratum containing foreign pebbles a bed of typical residuary Ntrtb 
containing only cherts and other local rock fragments. In most in­
stances there is but an indistinct demarkation between the two, but in 

1 Geological and Natural History Survey of Minnesota, Vol. I, 1872-'82, p. 309. 
6 GEOL--18 
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some instances it is well defined. At some points there are slight in· 
dications of stratification, but in the majority of instances the appear­
ance is as though, in some inscrutable way, a few foreign pebbles had 
become inserted in the residuary mantle common to the region. The 
. amount of pebbles so inserted is usually not large anrl they are usually 
small and inconspicuous, so that the presence of anything other than 
the common mantle of residuary material would not arrest attention, 
except by the character of the pebbles. 

This stratum is by no means universal, but has a patchy, irregular 
distribution. Many miles may be traveled without observing instances· 
of foreign material, though every bill-slope is laid open by gullies. 
Then the observer may turn back on a parallel line, similarly situated 
with reference to the general distribution of formations, and find foreign 
material present on every hillside. 

It is extremely difficult, if not impossible, to trace this formation in 
complete, unconcealed continuity westward until it merges into one of 
the drift sheets that overlie the adjacent parts of Minnesota. and Iowa, 
and thus determine by exact stratigraphical demonstration its equiva­
lent. This was not assiduously attempted by us, as it lay beyond our 
special field. From our own observation_s, we could not say that both 
members of the earlier drift may not be accompanied by an attenuated 
fringe- a view which we understand Mr. McGee to hold. But the fore­
going characteristics incline us to regard the limital fringe which we 
studied as the equivalent of the lowermost memper of the _series de­
scribed by Mr. McGee.l In this latter, greenstone erratics greatly 
predominate and are imbcdde1l in reddish and yellowish residuary-like 
clays embracing numerous flints and other fragments of local deriva­
tion. The thickness of the series is likewise tri\•ial. The upper _stony 
deposit described by Mr. McGee is characterized by a preponderance 
of granitic erratics.2 This corresponds with Professor Wiuchell's de­
scription of the erratics of the superficial bowldery stratum of South­
eastern Minnesota. In our own observations we have observed a strik­
ing transition in the character of the erratics when we have passed from 
this attenuated greenstone pebbly drift westward to the area overspread 
by the continuous sheet of drift, the superficial member of which we, like 
our predecessors have found to be rich in granitic erratics. W c there­
fore provisiowilly regard th1s atteuuated edge of drift as the vanishing 
border of the lowermost member of the drift recognized inN ortheastern 
Iowa, Southeastern Minnesota, and Northwestern Wisconsin. 

Concerning the question whether its attenuated character was orig­
inal or was acquired through erosion, we incline strongly to. the former 
oprmon. There has undoubtedly been very considerable erosion since 
it was spread out. Its discontinuous character is probably mainly due 

1 On the Complete Series of Superficial Geological Formations in Northeastern Iowa. 
Proc. Am. Assoc. Ad v. Sci., Vol. XXVII, August, 1878. 

~ Loc. cit. 
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to this. But it seems to us quite impossible that such erosion could 
have removed the heavier, coarse erratics from the margin and have 
left only the fine, well·rounded ones, which, a priori, we should suppose 
would be first carried away by denuding agencies. It seems plain to 
us that, though much worn, tattered, and frayed by erosion, the margin 
was originally what we now find it, an attenuated tract of pebbly drift, 
shading out gradually, until it vanished in a scarcely determinable 
edge. 

· Distribtttion.- The edge, being of this almost indeterminable kind, 
is difficult to map with precision. The pebbles are distributed in 
their discontinuous way over the entire region west of the Mississippi, 
with the possible exception of the extreme northeastern corner of Iowa 
and southeastern corner of Minnesota. In common with preceding oh· 
servers, we· have not actually observed foreign pebbles in the north­
eastern townships of Alamakee County, Iowa, nor in any except the 
southwesternmost township of Houston County, Minn., except in the 
valley deposits along the Mississippi, which manifestly belong to 
another category. It would be quite rash, however, to say that they 
may not occur here. Across the Mississippi, at two points immediately 
opposite the drift-barren corners of Iowa aiid Minnesota, drift pebbles 
have been found. About four miles east of De Soto, Vernon County, 
Wis., a single pebble of purple quartz-porphyry, together with pebbles 
of quartz and quartzite, was observed. This was unquestionably drift, 
and its association with the quartz and quartzite' fragments would imli­
cate that all may have had the same origin. Southeastward from La 
Crosse, we found localities where not only white quartzose pebbles were 
present, but also those of jasper and of banded hematitic ore, for which 
we know of no assignable origin except the Archean iron-bearing for­
mations of the north. A few pebbles have lleen found in the vicinity 
of Galena at altitudes above. the apparent reach of the floods of the 
later glacial epoch. These, while they might have been transported by 
human means, are probably members of this formation. In Grant 
County, Wis:, we failed to find any erratic pebbles on the heights, but 
we still suspect their occasional occurrence. 

In Crawford County, high on the divide between the Kickapoo and 
the Mississippi, there occurs, at Seneca, a very singular accumulation 
of quartzose pebbles embraced in a ferruginous matrix, forming a con· 
centrated local 'deposit described by the late Moses Strong.1 This 
not only lies upon the surface, but extends down a fissure to a 
depth of 65 feet, to which extent it was penetrated by a mining shaft. 
The material excavated was essentially a ferruginous gravel, the peb· 
bles being almost universally white smoothly-rounded quartz. This 
has every appearance of being a local deposit, quite unconnected with 
the drift, no undoubted pieces of which were found. The occurrence 
here still throws some doubt upon the view that the white quartz peb­
bles are of distant origin. It may be that this is a remnant of a Ore-

' Geology of Wisconsin, Vol. IV, 1875-'79, p. ·88. 
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taceous conglomerate that once extended thus far east and here be­
came inserted in a gaping crevice of the magnesian limestouc. The 
degradation of sucl! a stratum might leave its quartzose pebbles quite 
widely distributed over the region, mingleu among the residuary procl­
ncts of the subjacent limestone. One of us detected a grain of granite 
in a sandy clay deposit near this locality, whose clmracter was suffi­
ciently different from the usual residuary earths to attract attention. 
Independently of this question we should regard this as of drift origin, 
particularly as the loess mant.les the same region. It is not materinl, 
however, to our present purpose to decide this question, since it wonhl 
only affect by a few miles the eastward extent of unquestioned erratics. 

Beyond the Trempealeau giver, as noted some years ago by Mr. 
Strong,r occasional patches of gravelly drift occur on the heights east 
of the Mississippi. We have verified and adued to the instances of 
such occurrences. It would be an error, however, to imagine these 
to be gravel deposits in the ordinary acceptation of the term. In most 
eases that have fallen within our observation, the deposit i& merely a 
mingling of these erratic pebblen with locally-derived flints, forming a 
thin, somewhat concentrated stratum at the base of the subsoil or of 
the loess-like loam of the region. Such occurrences extend along the 
east side of the Mississippi as far as the Chippewa Valley, beyond 
which, in Pepin County, bowldery drift occupies the surface. Nowhere 
on the east side of the Mississippi between the northeaster·n corner of 
Illinois and the Chippewa River, a distance of 150 miles, have we been 
able to find drift more than five or six miles back from the Mississippi, 
except in a few instances of single pebbles that were not clearly in situ. 
These last are most probably instances of human transportation. In 
the several. thousand well-exposed sections which we have examined 
we have been able to find no drift of any kind so imbedded as to gh·e 
any reason to believe that it was a natural deposit. 

The western border of the driftless region is therefore closely approxi 
mate to the Mississippi River, lying immediately east of it from the 
Chippewa River to the Trempealeau, perhaps then swinging over it to 
the west, cutting across the cognate corners of Minnesota and Iowa, 2 

and striking the river below; it rema,ins essentially coincident with it to 
the Illinois line, where it swings eastward far enough to inc:ude the 
vicinity of Galena and the river-bordering hills below. 

In i~s topographic distril.mtion, it is worthy of 11ote that the pebbly 
erratics are not confined to valleys leading down from the drift sl!eet 
on the west, as though t.bey were valley streams issuing from the drift 
region. Nor are they merely distributed over eastward slopes, as though 
they were washed uown from the west at a time when the topographic 
configuration was more favorable to snch action than now. 'fhey are 

1 Geology of,Visconsin, Vol. IV., 1873-'79, p. 9~. 
2 We have followed tbe negative results of ob~ervation, but wo presume more com­

plete search woulu show that the border lies cast of tho river here also, as is indicated 
by the drift pebbles of Vernon and La Crosse Counties, already noted. 
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scattered so indifferently over the various inequalities of surface that 
any uypothcsis of transportation by wash is negatived. The fact that 
they were carried across the deep trench of the Mississippi is in itself 
aluwst decisive, for it is incredible that the valley could have been ex­
cavated since the deposit was made and any remnant of the latter be 
left. On the east side of the Mississippi pebbles occur at heights of 
400 feet and more above it. On the west side they appear in valleys, 
on slopes, and on crests, being scattered over undulations which have a 
vertical range of 700 feet. To suppose these reliefs of surface to have 
been carved out since the erratics were scattered over the region, with­
out their removal, is quite unwarrantable. Au erosion which could have 
differentiated snch a surface must have entirely removed a stratum of 
drift had it been many times as important and as massive. as we have 
any reason to suppose this was. Besides, the remnants of such an 
erosion could hardl,y have taken the precise form which this deposit 
presents, as indicated above and below. 

Method of (leposit.- Coming more specifically to the question of method 
of deposit, we remark again that there frequently lies below the atten­
uated pebble drift undisturbed and unmodified residuary clay, embrac­
ing unmouified flint fragments and also possessing other characteristics 
demonstrative of its complete integrity.: At other points where the 
residuary material was entirely removed, the rock surface is still of the 
ragged, rotten character common to unglaciated regions. There is 
nowhere any distinctive evidence of glacial planation, nor are there 
the .otlwr characteristic indices of glacier deposition. This, taken to­
gether with the peculiarities of the marginal distribution, viewed in tho 
light of the topography of the region, which is almost identical with 
that of the uriftless district, seems to exclude a belief in the occupancy 
of this tract by a glacier. 

We naturally turn to the agency of water-borne ice. To account for 
it under this hypothesis, it is necessary to believe that the region west 
of the Mississippi, reaching back to varying distances up to 30 miles, 
was snbmergeu, while that to the eastward was not, at least as a gen­
eral and persistent fact, except immediately along the Mississippi, for 
the eastern drift border has no such pebbly extension. But the west­
ern margin of this region rises over 700 feet above the Mississippi, while 
most of the uriftless region east of it <loes not excee<l that altitude, 
much of it lying from 100 to 300 feet lower. To account for the facts 
of uistributiou, it would therefore seem necessary to suppose that there 
was a relative depression upon the westerly side. This is especially 
necessary if it be true that this western pebbly formation is the equiva­
lent of the old drift on the eastern and northern sides, which seems to 
us most probable, since both are overlain alike. by the loess deposits, 
which probably were contemporaneous with the se0ond stage of the 
first glacial epoch. But we shall have occasion to recur to this question 
of westerly <lepression in connection with the loess and will not further 
consider it here. 



CHAPTER IV. 

THE LOESS. 

DIFFERENTIAL CHAHACTERS. 

Typical loess is neither a s~nd nor a clay, but a silt of intermediate 
fineness. It is finer and more ~miform than sand and less fine than 
clays and residuary eartlts, though the latter are generally Jess homo­
geneous and their constituents have a wider range in size. The loess is 
conspicuously coarser than the residuary earths, if we may judge from 
the fact that, after the particles of the latter have been thoroughly sep­
arated from one another and the ultimate physical elements caused to 
be freely suspended in water, a much longer time is required for the 
settling of the particles than is the case with loess when subjected 
to tbe same treatment.1 The statement sometimes made that loess will 
never completely settle would be much more conspicuously true of the 
residuary earths. When equal amounts of loess and clay, after complete 
disaggregation, were placed in equal amounts of water and allowed to 
stand under the same conditions, the amount of loess remaining in sus­
pension at the end of four nonrs was not greater than the amount of 
rer,;idnary earth remaining in suspension at the end of thirty-six hours, 
estimated on the basis of turbidity. The exact time required for the 
settling of all the particles, or whether all will ever settle under the or­
dinary conditions, has not been determined. It is certain that in each 
case some particles will remain in suspension for long periods of time, if 
there be even slight jarring or gentle disturbance from currents of air 
or changes of temperature. But the practical question with which we 
are dealing is not the settling of the ultimate particles1 but the subsid­
ence of the body of the material. A certain percentage of the finest par­
ticles is entrapped in any subaqueous deposit, even the coarsest. This 
incidental ingredient increases as the conditions become more favorable 
for the deposition of fine particles, and, in deposits of silt intermediate 
be tween sand and clay, naturally becomes larger and should be regarded 
in the same light as interstitial sand is in studying the depositional con­
ditions of a gravel bed. To attempt to estimate tlw :flotation of silts 
and clays by the time requisite for the settling of the last suspended 

1It is only when complete disaggregation of the clays is effected that the power of 
· water to bold it in suspension is be1:1t exhibited. A semi-reduction of the ma.terial, 

easily effected and easily misbakeu for complete reduction, would show quite <lifter­
cut results. It seems to be the rule that the finer the particles the more tenaciously 
do they cohere and consequently become the more difficult to separate. 
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particles may not be unlike determinations of the suspension of gravel 
in currents by agitating a quantity and noting the time of complete 
clarification from incidental earth. The elaborate and valuable experi­
ments of Brewer and others on the subsidence of lingering turbidity 
relate to a grade of particles much below that w1:lich we regard as typ­
ical loess, and we find in them little direct light on its deposition. 

Measurements have been made of over 150,000 particles of loess, or 
loess-like loam, from the driftless area and immediately adjacent to it. 
It f'!hould be kept in mind that in this region the loess graduates imper­
ceptibly into the residuary earths which it borders, and that true loess 
particles and particles of residuary earth are actually intermixed, if our 
views concerning the origin of the loess be correct. The loess loam of 
these localities, therefore, might be expected to be somewhat finer than 
typical loess, not only by virtue of the intermixture, but also because 
the loess mantle is very thin and post-loessial disintegration has bad 
opportu~ity, more completely than where the loess is thicker, to accom­
plish further reduction. The first series selected for measurement and 
study were from divers localities in and adjacent to the driftless area, 
and from both sides of the Mississippi. The results ar~ as follows: 
Of 150,887 particles, 146,894, or about 97k per cent., fall under .005mm in 
diameter, leaving only 2~ per cent. of greater size. It will be remem­
bered that, of the residuary earth measurements, about 99.9 per cent. of 
the particles had ~ diameter less than .005mm, The comparison in this 
form, however, does not express the full difference between the two kinds 
of material, for the average size of the loess-loam particles which fall 
below .005mm is much greater than the average size of the residuary 
earth particles which fall below the same limit. The number of exceed­
ingly minute particles in the loess is, indeed, great, but the relative 
number which approach .005mm in diameter is vastly greater than the 
number of like size in the residuary earth. 

Of the 2i per cent. which exceed .005mm in diameter nearly one­
third exceed .0114mm. Of these, few reach a diameter of .025mm, It 
is significant that the largest particles are almost uniformly flat, many 
of them being mica scales. The extreme size noted was .1139rnm by 
.0285mm, 

Samples of typical loess from Kansas City and Vicksburg have been 
examined for the purpose of comparison. Of 87,135 particles from 
Kansas Oity, about 4 per cent. measured over .0025mm in diameter, and 
a little more than 1 per cent. above .005mm. They range up to .1 mm, and 
particles above .05!"'m are not rare. Of 57,401 particles from Vicksburg, 
1.7 per cent. measured over .00~5mm, and 1 per cent. over .005mm. These 
range up to .075mm, and are not rare up to .035mm. Combining results, 
of "the total 144,536 a little more than 3 per cent. measured above .0025'"m 
in diameter, and about 1 per cent. above .005mm. The 96 per cent. of 
finer material from Kansas City was observably coarser than the 98.3 
per cent. of fine particles from Vickoburg. 
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Samples of loess from the Rhine, collected by J. E. ·vvolf and furnished 
by JVIr. J. S. Diller, were also examined for purposes of comparison. Of 
23,!)37 particles measured, 85 per cent. were found less than .0025mm, 
11.25 per cent. between·.0025mm and .005mm, 3.05 per cent. between .005m•u 
and .Ol mm, and. 7 of 1 per cent. over .01rum and ranging up to .2"'m. Amoug 
the minerals microscopically detected were quartz, orthoclase and pla­
gioclase feldspars, biotite and muscovite micas, hornblende, aud mag­
netite. 

In glacial clays the inferior limit in size is low, as low as in loess, 
but the range upward is indefinite. The examination of a few samplPs 
of finely assorted red clay (Champlain) of the Lake Micbigan region 
indicates a fineness of constituents comparable to that of the residuary 
clays, but the studies in this line have been quite limited. It is certain, 
bowever, that tbis deposit is composed of particles whose average size 
is much lef!s than that of the loess particles. 

The fineness of the residuary earths, and, less conspicuously, of tlJC 
loess, can be realized best by comparison with sand. It is difficult to 
define witb anything like precision the limits of fine sand, but a sand 
whose particles range from .05mm to .l~mm in diameter would be uni-

. vcrsally considered fine. ~L'he particle .05mrn in !liameter would, if dis­
integrated without loss of substance, make 15,625 particles .002mm iu 
diameter, a common size in residuary earths. A grain .1 mm in diameter 
woul<l, in like manner, yi1.1ld 1,000,000 whose diameter would be .oopnm, 
a size equal to that of probably one-half the particles of residuary 
earths. 

A prominent- cbanicteristic of the loess, a characteristic which it 
shares with the residuary earths, is the angularity and irregularity of 
its particles. In typical loess a well-rounded smooth gmin has not been 
seen. Sharp corners and rough surfaces are the rule and any approach 
to regularity or smoothness the exception. Opaque grains are more 
common in the loess than in the residuary materials, resembling in this 
particular glacial clays, in which the proportion of opaque particles is 
still larger. 

It is a common assertion that loess possesses great uniformity of text· 
ure. In a general sense tllis is true. lti a special sense it is quite far 
from being true, even in typical loess. In the Kausas City loess the 
proportion of particles which exceed in diameter .0025mm is about 14 per 
ceut.; in the Vicksburg loess, not quite 1.7 per cent. While a general 
inspection of the deposits makes it probable that these are not tbe 
average proportious of coarse and tine particles in the Kansas City and 
the Vicksburg loess, respectively, this does not militate against the point 
here urged, viz, the diversity of the loess, for the above proportions are 
deduced from actual measurements, and therefore establish the fact of 
diversity at the two places, at least in the la,yers from which the speci­
mens were taken. It would probably be quite accurate to say that the 
loess is homogeneous iu any given stratum at auy given locality. It is 

I 
I 
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a formation in which assortment has reached a high degree of perfec­
tion, but the assortment in all localities and under all conditions is not 
the same, and hence different strata vary in their grades of coarseness 
and fineness. In different situations the loess is found to vary, but 
within moderate limits. T!Je product at a given point is relatively ho­
mogeneous. We find the loess in the vicinity of the Mississippi River 
(and the same is true of that near the Missouri, Platte, and other great 
rivers) of coarser grain than at points removed from it. In the river 
bluffs it sometimes merges into and becomes interstratified with layers 
that are a fine sand rather than a loess, some of them being typical sands 
serviceable for mortar. On the other hand, as the formation is traced 
towards its limit in the drifUess region, it approaches more and more 
closely in character the residuary clays, seeming to be a mixture of true 
loess silt of foreign derivation and a varying percentage of local resid­
uary earth. Units western margin, however, next the uriftless area of 
Iowa, Mr. McGee describes it as coarser and grading into fine sand in · 
t.he centers of the peculiar varieties of osars that lie along its margiu. 

FIG. 47.- Stratiflca tion of the loess in a railway cut at Plattsmouth, Nebr. , at a depth of 84 fe~t from 
surface. From photograph furnished by Dr. A. L. Child, of Kansas City. 

Chemical and mineralogical constitution.-Four representative analy­
ses of loess have been made for us by Mr. Riggs, the results of which are 
giYen in the tables below. No. 1 was taken from the summit of a ridge 
in the suburbs of Dubuque, Iowa, at a point about three hundred feet 
above the Mississippi River. No.2 represents a 7·foot stratum of loess, 
lying over brown residuary clay~ near Galena, Ill., at about three hun­
dred and fifty feet above the Mississippi River. No. 3, from Kausas 
City, Mo., was chosen as representative of the most pronoi.wced loessial 
characters at that locality. No. 4 was taken from near the ceuter of 
Vicksburg, Miss., at about two hundred feet above the Mississippi River, 
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and probably fairly represents the upper half of the stratum there, but 
we think not the lower portion, which seemed heterogeneous. 

Table of analyses of loess. 

-------------~-~ ---------------
No. I,-...:Dnlmque, No. 2.-Galena, Ill. No. 3.-Kansas No.4.-Vicksburg, 

Iowa. City, Mo. Miss. 

------ ------- -----
8i0z 72.68 8i0~ 64.61 8i0, 74.46 8iO., (i0.6H 

Al20 3 lil.03 AbO" 10.64 AhO" 12.'26 AJ,O" 7.95 

Fe,O" 3.53 Fe,O" 2.61 Fe,03 3.25 Fc,03 2.61 
F'eO .96 FeO .51 FeO .12 FeO . 67 
'l'iO, . 72 TiO~ .40 Ti02 . 14 TiO, .52 
P,Os .2:l P,Os . 06 P,o, . 09 P,06 . 13 
MuO .06 MuO .05 MnO .02 MnO .12 
CaO 1. 59 CaO. 5. 41 CaO 1. 69 CaO 8.96 
MgO 1.11 MgO 3.69 MgO 1.12 MgO 4.56 
Na20 1. liS Na,o 1. 35 Na,O 1. 4:l Na20 1. 17 
K,O 2. 13 K,O 2.06 K20 1. 83 K20 1. 08 
n,o a2.GO H,O a2.05 H 20 a2. 70 H20 al. 14 
co, . :19 co, 6.31 co, .49 co, 9.6:! 

803 . 51 803 .11 803 .06 803 .12 

c . 09 c .13 c .12 c .19 

100.21 "":· 99.99 99.78 99.54 

a Contains H of organic matter. Dried at 1000 C. . 
Besides these approximately complete analyses a considerable num-

ber of partial determiuatious and many hundred simple acid tests in 
the field and under the microscope have been made, so that, though 
the number of full -analyses is not large, they merit some confidence, 
particularly as they tally so well with the microscopic determinations of 
the constituent mineral particles. As indicated in the discussion of the 
residual earths, there have been detected, besides the preponderating · 
quartz, particles of orthoclase and plagioclase feldspars, biotite and 
muscovite micas, hornblende, augite, magnetite, dolomite, and calcite. 
The chemical analyses become full of significance in the light of these 
determinations. The amount of water may be taken as roughly indi­
cating, when aJiowance is made for the h~rdration of the iron oxide, the 
quantity of kaolinized products. The average of these four analyses, 
after such allowance, is considerably less than 2 per cent., while that 
of the four analyses of residuary earths is more than 7~ per cent. More 
significant perhaps is the ratio of water to alumina, as indicating the 
extent of decomposition and hydration of the original silicates. In the 
loess and glacial clays it is so smalJ as to indicate that the silicates 
have not become completely decomposed and hydrated, while in the 
residuary clays it is so large as to imply very full hydration. The sug­
gestion of these facts is that the loess and glacial clays were produced 
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in part by mechanical abrasion or crushing. The pre&ence of dolomitic 
particles is of like import. 

By inspection of the analyses it may be seen that it is possible to 
construct a very plausible mineralogical interpretation in perfect har­
mony with this view and with the microscopical observations; but, as it 
is our purpose to reach a mineralogical analysis of these silts by more 
direct and positive methods, this may well be deferred . 
. Distrib1ttion.-'rbe accompanying map (Plate XXVII) shows the dis­

tribution of the loess so far as immediately related to the driftless area. 
It will be observed that its eastern limit lies on the east side of the Mis­
sissippi River and that thence it stretches westward to the·drift area 
of I.owa and :vlinnesota. There are two significant belts along which it 
is thickest. One of these lies along the Mississippi, the other along the 
western border of the 1oess, on the margin of the continuousdrift in 
Miunesota and Iowa. In the immediate vicinity of the Mississippi it is 
usually thicker than at points removed a few miles on either hand. On 
the east it is not thick even in the vicinity of the Mississippi,rarely ex­
ceeding a depth of 15 feet and averaging, perhaps, less than H), even 
where it is well preserved. From this thickness it rapidly thins to the 
eastwarci, and rarely appears in its distinct characters at more than 10 
miles from the brink of the river valley. Beyond this there may be 
found patches of superficial loam, neither typical loess nor typical re­
sidual earth, but possibly a mixture of the two. Still beyond are the 
superficial earths in which a few microscopic grains of magnetite, horn­
blende, feldspar, mica, and other seemingly foreign minerals are found, 
as previously stated in the discussion of the residuary earths. 
· On the west side of the river tile loess likewise thins for ten or twelve 

miles, and then gradually thickens toward its limit on the west. 
If some difficulty was encounterecl in readily fixing the precise lim­

ita,tion of the attenuated pebbly drift, much more was presented in the 
delimitation of the loess upon the east side of the Mississippi. In the 
former instance, the difficulty lay mainly in the labor of search neces­

. sary to confidence regarding the. extreme extent to which the scattered 
pebbles are distributed, and, subordinately, in the interpretatiou of the 
white quartz pebbles; but in the latter case the chief difficulty li~s in 
the fact that the border becomes modified so as to be scarcely distin­
guishable froru certain phases of the residuary earths. This a.rises from 
two sources. The superficial portion of the loess has everywhere been 
affected by .meteoric agencies and has become transformed into soil. 
The distinction between this soil and that which is derived from the 
residuary clays, while usually discernible, is not characteri~ed by suffi­
ciently sharp distinctions to be always satisfactorily discriminated. This 
transformation into soil affects the formation to a depth of from three to 
five feet, and occasionally somewhat more, so that when the loess be­
comes thinned to this amount its entire body has been transformed into 
soil, and no typical loess remains. In the second place, as already in-
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dicated, the border became modified by the introduction of residuary ma­
terial; in other words, it appears to have originally been formed in part of 
t.rne loess material ami in part of wash from the residuary soil of the sur­
rounding country. The difficulty is further increased by the fact that 
wash from the residuary soil of the summits has produced very similar 
accumulations upon the slopes and in some of the valleys, wholly inde­
pendent of the loess. lEolian and animate agencies have been believed 
to occasion similar surface accumulations. When, therefore, the Joess 
mantle becomes thin and has been eroded so that only patches remain, 
it is extremely difficult to decide, in individual instances, whether these 
are modified remnants of the loess mantle or merely secondary accu­
mulations of residuary soil. The map presents the limit to which we 
have traced, with any degree of.confidence, the distribution of this thin 
modified formation. It appears to us to be approximately the extent to 
which any notable thickness of it originally overspread the region. 
Whether the microscopic foreign minerals found mixed with the appar­
ent residuary clays over the greater part of the region are to be inter­
preted as an extension of the attenuated edge of the loess, or are to be 
attributed to wind dispersion or to casual submersion at an earlier 
stage of glaciation, when the region was surrounded by ice, t!Jrongh 
the occasional blocking of the drainage on tlet, is as yet to us uncertain. 
There is certainly no appreciable mantle on the eastern ltalf corresponu­
ing to that on t!Je western border. 

On the west side of the Mississippi River, loess seems to have. origi­
nally prevailed everywhere back to the border of the continuous urift. 
Since its deposition, however, it has been extensively worn away from 
t!Je valleys and often from the hill tops. It is most frequently exposed 
on the upper brows of t!Je hill slopes, where gullies, starting on tbe 
crown of the ridge, trench its brow as they pass over it. The loess usu­
ally occupies the crown of the ridge and reaches down to the steep por­
tion of the brow. Here the_ erosion has usually cut away the loess and 
exposed the drift or residuary clay beneath. Farther down, where the 
brow verges into the foot-slopes, rock often appears. 

Along the border of the heavier drift westward, the loess is again 
thicker anu more universally present. Here the loess mantle passes 
out upon the continuous drift sheet, as long since observed by Win- . 
chell 1 and lVIcGee.2 According to the latter, it overlaps the upper as 
well as the lower till of the region, but only reaches westward a short 
distance beyond the margin of t!Je former, so that it may _be regarded 

1 Reports of the Geology and Natural History Survey of Minnesota, passim. 
2 "On the_ Complete Series of Superficial Geological Formations in Northeastern 

Iowa." Proceedings of the American Association for the Advancement of Science, 
August, 1878, pp. 4, 5. -

''The Drainage System and the Distribution of the Loess of Eastern Iowa." Bulletin 
Philosophical Society of Washington, Vol. VI, November 10, 1883. 

Messrs. Wiuchell and McGee have kindly fnmished data for outlining on the accom­
panying map the western border of the loess in Minnesota and in Iowa, respectively. 
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as nearly, but not actually, conterminous with the upper till of the ear­
lier epoch. In Northwestern Illinois we have traced the loess sheet back 
from the Mississippi continuously, and have found it spreading out upon • 
the drift of that region, reaching eastward upon it to a considerable, but 
as yet not definitely determined, distance. Farther south it extends 
continuously from the Mississippi across to the Illinois River. We 
haye assured ourseh·es by reconnaissance that loess is continuous in 
the vicinity of the Mississippi, save as dissevered -by erosion, from the 
driftless region southward to at least the central latitudes of Illinois, 
beyon(l which, current authorities are unanimous respecting its con­
tinuity to the vicinity of the Gulf. There may be distinctions of age or 
of origin, which, from their obscure nature, escaped our detection, as 
our sttidies beyond the drift border were only reconnaissances, bnt at 
present we incline to think that a contemporaneous belt stretches from 
the vicinity of Lake Pepin to Louisiana. We hold this without preju­
dice to the presumption that there may be tracts of other loess occu­
pying parts of the same territory. 

On the northern side of the driftless region there are occasional thin de­
posits of loess-like loam overlying the thin margin of the drift. or spread­
ing over a(ljacent portions of the driftless region. These deposits ap· 
pear to be identical in nature and coincident in time with the loess of 
the Mississippi. Examples occur south of the Eau Claire River as 
far east as Augusta. Even as far down as Elroy, accumulations that 
seem to be of the same nature occur. These, however, do not attain 
any great thickness or notable prevalence. 

Later fluvial loess.- Along some of the tributaries of the Mississippi 
River there are loess-like deposits, which are to be distinguished from the 
general mantle above described. These are confined to the immediate 
va11eys of the present streams and are limited to altitudes less than 
100 feet above them, mainly less than 50 feet. They are usually much 
more definitely stratified than the general loess mantle and more com­
monly intercalated with layers of sand and clay. They constitute ter­
races along the tributaries of the Mississippi which are continuous with 
the gravel terraces of the great valley and have at their junction tho 
same heights. 'Ibis relationship and t.heir manifest later origin, as. 
shown by the relatively slight erosion they have suffered, make it Yery -
clear that they are deposits tormed contemporaneously with the filling 

. of the maiu valley by the glacial flood deposits of the later epoch. The 
filling of these tributaries is merely a secondary deposit, derived from 
the older and parent loess by wash and redeposited in the slack water 
developed in the tributaries by the silting up of the main stream. 

Fossils.- Leaving out of consideration this later and secondary valley 
loess, the formation is not rich in fossil shells. At Savanna, Ill., at its 
southernmost point, we found the following, which have been determined 
by Prof. R. E. Call: Patula striatella, Anthony; Patula striogosa, 
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Gould; Succiriea avara, Say; Succinea obliqua, Say. In the southwest 
quarter of section 26, Bloomington, Grant County, Wis., Snccinea avara, 

• Say. At Galena, III., 135 feet above the Galena River, Succinea avam, 
Say; Succinea obliqtta, Say; and Helicodiscus lineattts, Anthon_}~. East of 
Prairie du Chien, on the heights at 425 feet above the Mississippi, Suc­
cinea avara, Say; and Limnophysa humilis, Say. 

Among the later secondary loess deposits, the following have been 
found: In the terraces at Galena, Succinea avara, Say; Stwcinea. obliqua, 
Say; Lymnophysa humilis, Say; Vertigo simplex, Gould; Fatula stria­
tella, Anthony, and Gyt·aultts pa1·vus . . In the higher terraces at Bridge­
port, Crawford County, Wis., near the mouth of the Wisconsin River, 
appear Succinea avara, Say; Succinea obliqua., Say; Limnophysa humilis, 
Say; Patttla striatella., Anthony, and Vertigo simplex, Gould. In sec­
tion 34, Ellenton Township, Grant County, Wisconsin, Suceinea avara, 
Say. In the southwest quarter, section 20, Jefferson, Clayton County, 
Iowa: Sttccinea obliqtta, Say; Succinea avara, Say; Fatula striogosa, 
Gould; Fatztla striatella, Anthony; Limnophysa lmmilis, Say; Vallonia 
pttlchella, Mull; Vertigo simplex, Gould; Pttpa mttscorttm, Linn. In the 
terrace along the Platte River: Succinea obliqtta, Say; Pttpa muscm·nm, 
Linn. Twenty feet above Apple River, township 27, range 3 east, Jo 
Daviess County, Illinois: Fatula striatella, Anthony; Pttpa muscorum, 
Linn. 

Of the·species occurring in the original loess, six are land species and 
one aquatic. Of those occurring in the lower terraces, seven are land 
species and two are aquatic. .Five species are common to both hori­
zons. The number of species is too small and the collection too limited 
to justify drawing conclusions from them. 

ORIGIN OF THE LOESS. 

The broad question of the origin of loess does not fall to us for dis­
cussion here. There may be various deposits that have been styled 
loess and these may have been formed at different times, possibly by 
different ag!lncies, and not improbably under different specific condi­
.tions; We are only required here to consider the theoretical aspect of 
the formation that laps upon the driftless region . 

..!Eolian hypothesis.- So far as the attenuated border of the loess that 
lies out upon the driftless region is concerned, the reolian hypothesis· 
of Baron H.ichthofen presents many attractions. The eastern bluffs 
along the Mississippi are frequently crowned by dunes of fine sand 
blown up from the valley below. These are usually composed of finer 
sand than is common to dunes in general, and this graduates almost 
imperceptibly into. silt scarcely coars~r than that of the loess itself; 
indeed, not coarser than much· .loess on the face of -the bluffs of the 
Mississippi, whence, indeed, the dunes seem to be partially derived. 
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From these dunes there spreads backward to the east-i.e., to the iee­
ward-a mantle of fine sand grading indefinitely away into a deposit in­
distinguishable from loess proper. In like manner, enlarging the con­
ception, we might conceive the whole of the loess border to be bnt the 
attenuated margin of a wind-drift mantle whose source lay in the arid 
west. But if we enlarge the sphere of observation to correspond with 
the enlarged conception, the facts of distribution and of structure do not 
clearly support the hypothesis. It would exceed our limits to enter 
into the details of this distribution to a sufficient extent to make it clear 
that the objection is valid. But even confining ourselves to the region 
under consideration, the distril)ution,considered in detail, fails to closely 
accord with the reolian hypothesis. The thickening toward the Missis­
sippi, as well as toward the Iowa drift, is not clearly in accord with it. 
The coarser character and manifest stratification of the material along 
the Mississippi at heights of 200 to 300 feet above its present bed and 
the similar stratification and the gradation into sheets of sand, clay, and 
drift on the Iowa border 1 and in Minnesota,2 seem to imply aquatic 
agencies. 

We do not, however, understand, as many writers seem to have done, 
that the region over which the fine, wind-borne silt was deposited 
was necessarily an arid tract. The aridity postulated by the. reolian 
hypothesis needs only to have affected the territory of derivation. Nor 
do we understand that fine, wind-borne silt, drifting, in snspension, 
over a grassy plain or a forest would necessarily accumulate in dune­
like heapings. The phenomenon of dune accumulation is not identical 
with that of floating-dust deposition. Floating dust might not gather 
in very different quantities on the windward and leeward sides of verd­
ure-clothed hills, though we incline to think that there should have 
been a noticeable difference in this respect. But, granting the utmost 
reasonable latitude in these respects, we fail to find that accord between 
hypothesis and observation which is the necessary sanction of an accept-
able hypothesis. · 

A modified phase of the reolian hypothesis has occurred to us that 
escapes some of the objections that lie· against a derivation of the ma­
terial from the arid tracts of the west. If the terminal zone of the ice· 
sheet in its decadence exposed at its surfuce much fine material liber: 
ated from the ice by superficial melting- as has been thought proba· 
ble by some glacialists-this, being bare of vegetation, might be super­
ficially dried and drifted away by tho winds. that swept across or de­
scended from the ice fields. The material so derived would have the 
mineralogical characters of glacial silt and the distribution would be 
circumglacial. This hypothesis, however, fails to explain the prPdomi­
nant distribution of loess along the great valleys. 

I McGee, Joe. cit. 
• Winchell, Geology and Natural History Survey of Minnesota, Sixth Ann., p. 105. · 
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Without elaboration, it may be remarked that the distribution, both 
topogntphic and areal; the conspicuous stratification of the thicker 
portions near the great water-ways or on the thick borders overlool•ing 
the loessless drift; the occasional occurrence of aquatic shells; the in­
gredient of lime and magnesia, the latter of which cannot be referred 
to the included shells nor to residuary earths, unless in the arid area 
of derivation these latter were different from those we have exttmined in 
the driftless regions within and without the glaciated territory; the asso­
ciation of the loess with the drift in its distribution, and, in some quar­
ters, their intergradation-all these points combined seem to us to 
support some ph<tse of the aquatic b;ypotbeses which have been almost 
universally entertained by the students of this phenomenon in the Mis­
sissippi Valley. 

But in setting aside the roolian hypothesis we exclude the agency 
which seems best fitted to free us from the topograpbic difficulties which 
the singular distribution of the loess presents. There is nothing in the 
present topography to favor the belief that a body of water had its 
eastern margin on the rolling land along the east side of the Mis­
sissippi and its western border high up on the rough country of Eastern 
Iowa and Minnesota. We are here brought face to face with two seem­
ingly grave difficulties: (1) that the west side and northern portion of 
the belt of loess are higher than the eastern and southern ; (2) that to 
the south there is no manifest barrier to restrain the supposed body of 
water. The loess belt is 40 miles in width, and hence cannot have bad 
any notable declivity in auy direction, else the depositing water would 
have become a torrent in which the deposition of fine silt would have 
been au im.possibility, even if we can conceive au adequate source of 
supply for such a stream. Even if the gradient were uniform between 
the loess summits and the Gulf' of Mexico, the slope must have been 
more than twice that of the present Mississippi River, the relative atti­
tude of the region being supposed to be the same then as now. This· 
is a slope quite inconsistent with loess deposition. 

Ice dams.- Nowhere on southern slopes can an ice dam be predicated 
on better circumstantial evidence than here. A great sheet of drift no 
less than 340 miles wide wraps around the driftless area on the west and 
joins a still greater sheet that borders it on the east, so that the two 
coalesce for 200 miles below it. If there are any grounds for doubt that 
this coalescence of the drift was produced by a junction of glaciers flow­
ing around the ·drift.less area, it would seem that a similar skepticism 
would lie with even greater force against any other supposed instance of 
glacial damming on the southern loess-covered slojles. vVe do not here 
include, of course, the ponding of waters on northern slopes against the 
edge of the great northern mer de glace, where the conditions were of 
a very different order. 

But the view that the driftless area was inclosed in ice and that it 
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was tlooded by waters so imponded does not seem to us to be supported 
by the evidence drawn from the character of the assortment of this pe· 
culiar material, nor from the form of the deposit, nor from its diRtribli­
tion; in short, the hypothesis of an ice dam fails to satisfy the condi­
tions of the problem, even in this region, where, above all others, the 
hypothesis would seem to be applic~ble. In the first place, the recog­
nized loess mantles only the western portion of the drift less ·area. If 
glacial waters coming forth from the ice on the west side spread out 
a covering of silt from 5 to 40 feet deep and 40 miles wide, is it ]lOt 
strange that waters issuing from the eastern border did not in like man­
ner cover that side, the mer de glace in this direction being even more 
extensive and the present slopes equally or more favorable~ 

Aside from tllis difficulty, we find the loess spreading over the drift 
south of the district and seeming to reach continuously downward even 
to the Gulf of Mexico. We have reconnoitered the vicinity of the Mis­
sissippi for 100 miles south of the driftless region, and have found the. 
loess adjacent to it spreading over the uplands and seeming to be con· 
tinuous with the well-known belts_that accompany the Mississippi and 
Illinois Rivers and reach southward far beyond the ice limits. On the 
east side of the Mississippi the loess of the driftless region spreads with­
out any discernible break in its continuity over the drift in Carroll, 
Whiteside, Henry, Starke, and Peoria Counties, Ill., to the loess adjoin­
ing the Illinois River, as well as being continuous with that bordering 
the Mississippi, save the interruptions of valleys which have manifestly 
suffered much post-loessial erosion. While we have not traced thiJ mile 
by mile and while th~oretically we entertain a belief in the possible for­
mation of loess at different times-indeed a possible succession of loess 
deposits corresponding with successive favorable conditions, just as we 
believe in a succession of drift deposits following each other under some­
what si~ilar environment- we have not yet succeeded in forming even 
a hypothesis concordant with the facts known that relieves the postu­
late of an ice dam of these fatal objections. 

It seems unnecessary, therefore, to entertain the consideration of the 
competency of ice, under such conditions, to form an effective dam capa­
ble of maintaining a lake with a depth of 700 feet. 
· If the hypothesis of an ice dam fails here, it much more manifestly 

does so when applied to the loess as a whole. It has no possible ap­
plication to the broad belt that stretches from the outermost edge of 
the drift to the Gulf, and which attains altitudes of 250 feet above the­
present Mississippi, and spreads widely over the country lying east of 
the present Mississippi Valley. In Mississippi and Tennessee, as de­
scribed by Hilgard, Safford, and other geologists of the region, and con­
firmed by our own recent observations, there spreads eastward from the 
typical loess tract a mantle ofloess-like loam similar to the modified loess­
border Qf the driftless region, stretching out to a like almost undefinable 

6 GEOL--19 
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extent, undulating with the pre-existent surface. While there is room 
here also for possible, or e\'e!l probable, discriminations not yet worked 
out, it is clear that these do not affect the general problem, namely,' 
what were the conditions that made such a deposit possible' This 

. problem remains essentially the same whether we suppose this southern 
deposit to be strictly contemporaneous in time and continuous in dis­
tribution with the analogous formations of thP> Upper- Mississippi or 
not. If caused by an ice dam, the loess should suddenly terminate at 
the locality of the barrier, and the stream below would have been in 
nowise affected by-it. But in this instance conditions must have ex­
isted below any possible ice dam, which permitted the deposit of a 
mantle of loess 250 feet above the present level of the Mississippi. 

The comparative antiquity of the loess of tlJe Lower Mississippi, as 
indicated by the erosion it has suffer-ed, approximates, in our judgment, 
to that of the more northerly regions, and, so far as this difficult and 

. somewhat uncertain line of evidence is concerned, we find no reason for 
departing from the general conviction of the geologists of the region 
that tlJe great loess streams are essentially continuous and contempo­
raneous from the Gulf region to the Upper Mississippi and Middle Mis­
souri. 

The distribution of lo'ess along the rivers of Illinois, and extensively 
along the Missouri from Dakota southward, presents a series of prob­
lems in which similar difficulties are to be met, many of them involving 
the singular feature of different altitudes on tlJe opposite borders of tlJe 
loess belts. The theory of ice dams, therefore, seems to us entirely 
inapplicable to a large part of the broHder problems and specifically 
inadequate in the special question i'n hand, where the conditions might 
be presumed to be especially propitious. 

Notwithstanding our disbelief in a permanent ice dam, it seems to us 
entirely probable that at the time of maximum glaciation-not the time 

· of maximum loess deposition- the drainage outlet of the driftless area 
may have been- occasionally, perhaps frequently, blocked by engorged 
ice and the region more or less extensively submerged. To such action 
may perhaps be attributed some of tlJe rare instances of transported 
blocks that can equally well be attributed to human agency. Such a.n 
instance is that of the sandstone blocks described by Professor Whit­
ney (Geology of Wisconsin, Vol. I, 1862, pp. 137-139), which he thinks 
must have been lifted 125 feet from their priginal place. ,A temporary 
damming at spring time with a rapid rise of the ponded waters would 
furnislJ the conditions for such lifting and local transportation. 

To such occasional ponding of waters may perhaps be due the micro­
scopic minerals mingled with the residuary earths, sinee, if of aqueous 
origin at all, the submm·sion cannot well be supposed to have been pro­
tracted, because of the extreme meagerness of the deposit. 
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Ice attraction and crust dejormation.-Two hypotheses remain to be 
considered. Both postulate that the loess is glacial silt, deposited by 
waters issuip.g from the margin of the glacier and bordering it as fring­
ing lakes or broad, lake-like rivers. 

The difficulties in the vertical distribution are met, under one of these 
hypotheses, by the claim that the attraction of the ice was sufficient to 
change the surface of the water so as to give the loess the distribution 
which it is observed to possess. As this question of the possibilities of 
ice attraction enters into a large number of problems connected with 
glacial phenomena, we have submitted representative problems to Mr. 
R. S. Wood ward, of the United States Geological Survey, who has kindly 
undertaken their mathematical solution.! 

Possibilities of ice aitraction.-Three considerations enter into the 
problem: 

1. The ice mass may be thought to have drawn up the ocean about 
it, so as to give the Mississippi River and -its tributaries an estuarine 
character, inviting the deposit of silt. 

2. On the other band, the abstraction of water from the ocean to 
form the ice may be thought to have lowered its level and to have 
counteracted the effects of attraction. 

3. 'rhe tilting of the water-level, due to ice attraction, may be thought 
to have so changed the drainage as to furnish the requisite conditions 
for loess deposition. This would affect the surface slopes of lakes and 
rivers independently of their connection with the ocean. 

It is necessary, therefore, to determine (1) the possible abstraction of 
oceanic water, (2) the change of slope adjacent to the ice, and (3) the 
possible elevation of the ocean level. 

The amount and precise form of the ice mass are yet unknown, but 
assumptions may be made that cover the range of all probable cas_es. 

In the computations whose results are here given it has· been as­
sumed· that the ice was distributed symmetrically about an axis or 
" center of dispersion." While certainly not strictly true, this is suf-' 
ficiently approximate for the quantitative limital applications here 
sought. Several assumptions as to the rate of increase of thickness 
from edge to center have been made, varying from the purely ideal case~ 
in which the fu~l thickness is attained at once, to the i~probable oppo­
site extreme, in which the increase is exceedingly slow. The real cases 
lie between these extremes. 

1A more complete exposition of Mr. Woodward's investigations will be published as 
a bulletin of the Survey. 
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In the accompanying figure the lines 1, 2, 3, 4, and 5 indicate a por­
tion of the profiles assumed, drawn to scale, but vertically exaggerated. 
The real profile of the ice probably lay between curves 3 and 4. 

FIG. 48.-Diagram illustrating the several profiles of the ice cap assumed in the accompanying com · 
putations. 

C center of earth, D E surface of earth. Cnr'"es 1, 2, 3, 4, and 5 represent profiles of ice when n=l, 
n=2, n = 6, n=lO, am! n= :n, re-spectively, as defined by the accompanying formula (1). Scale for 
DE C, nm/-o....,; for the ice cap, nu"o'.l'ooo· 

An empirical formula which de6.nes the extent and slope of a great 
variety of cases is 

h = ho 1- s~n ; ( ('. /'i )n) 
sm ~ 

. ~ 

(1) 

in which his the thickness of the mass measured iu the direction of the 
earth's radius at the angular distance (i from the axis of the mass; h0 is 
the thickness of the mass along its axis; (i~ is the angular radius of the 
mass, or the limiting value of fi;-and n is any positive integer. This 
formula includes the case of a mass of uniform thickness: the index n 
being in that case infinite. 

In the computation the following values have been assumed for the 
axial thickness and angular radius of the m.ass, viz: 

ho = 10,000 feet. 

fio = 38° 
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Th1s value of (10 corresponds to aoout 2,600 miles measured a long the 
earth's surface, or about the distance from the glacial margin in the in­
terior basin to Greenland. As the ice quite certainly had a less exten­
sion in most other directions, the areal extent here assumed is gener­
ously large. It is also very nearly that radial extent of a J!laSS of uni­
form thickness. which would produce the maximum upheaval of water 
along its bonler. ' 

The maximum thickness, 10,000 feet, is less than that computed by 
~orne glacialists, but we haYe not ourselves found good reasons for 
thinking it was greater than this. While Geikie, Cook, Smock, aiid 
others have shown that the slope 9f the upper surface of the ice near 
the border was 25 to 35 feet per mile, it seems to us inherently improb­
able that this gradient would hold after a considerable depth had been. 
reached, but would be replaced by a progressively lower slope till it 
reached a plane at the center. The large estimates are obtained by pro­
jecting border.slopes backward-to us, a manifest error . 

.A.s the effects ,of masses corresponding to several values of the index 
n have been computed, it will be of interest to define with some preci­
sion the shape of the exterior surface of each mass. To do this i~ will 
snffice to give the slnpe in a meridian plane of the surface of any mass 
at several points between the axis an,d the border. These slopes are 
given in the following table for each of the masses defined by the index 
n = 1 ton = 10; they express the inclination of the bounding surface 
of the mass to the spherical surface of the earth. 

Table showing meridian slopes of bounding Burface of the attracting ice ntass.1 

Slopes in feet per mile corresponding to ll= 
,. 

oo 50 100 15° 20° 25° 30° 350 380 

---- -.--------- --· ------
Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet, 

1. ............ 3. 88 3. 88 3.86 3. 85 3. 82 3. 78 3. 75 3. 70 3. 67 

2 ..•.......... 0. 00 1. 04 2. 07 3. 08 4. 07 5. 04 5. 96 6.84 7.34 

3 .••••.. ····-· 0. 00 0. 21 0. 83 1. 85 3. 26 5. 02 7.10 9. 47 11.00 

4 .••••• ·····-· o. 00 0.0310.29 0. 99 2. 32 4. 45 7. 53 ·11.661 14.67 

5 .•••.•. ·---- 0. 00 0. 01 0. 10 0. 49 1. 55 3. 70 7.48 13.46 18.34 

6 ••... ·----· o. oo I o. oo 0. 03 0. 24 0. 99 2. 95 7.14 14.92 22.01 

7 ....... ·----· 0. 00 0. 00 0. 01 0.11 0.62 2. 29 6.62 16.08 25.68 

8 .•••......•.. 0. 00 0. 00 0. 00 0. 05 0. 47 1. 73 6.02 16.97 29.34 

9 ..•••. ·------ 0. 00 0. 00 0. 00 0. 02 0. 23 1. 30 5.381 17.64 33.01 
10 .... _ •. ______ 

1 

o. oo 0.00 o. 00, o. 01 I 0. 13 0. 96 4. 75 18.10 36.68 

00 •••••• ....... o, 00 0.00 0.00 0. 00 0. 00 o. 00 0. 00 0. 00 C() 

•The tabular values are given to the nearest hundredth of a foot. All slopes designated 0.00 feet, 
except those in the last line and second column of th.e table, are therefore less than 0.01 foot per mile, 
bot greater than zero. 

The numberR in the above table show that for values of n greater than 
unity, the bounding surfaces, as uefined by equation (1), slope up with 
decreasing rapidity from the border to the axis in each case. For large 
values of n, the steep slope near the border diminishes rapidly, so that 
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the bounding surface reaches its maximum height, nearly, within a short 
distance of the border. In the case n=l, however, the slope of the 
bounding surface is steepest at the axis of the mass and decreases 
slowly from the axis towards the border. The features here enumerated 
will hold for any extent of mass, i. e., any value of [30• lt will be seen 

- also by reference to equation (1) that the slope for any value of n is di­
rectly proportional to h0, the axial thickness of the mass. Hence t.he 
slop,es corresponding to any other thickness than that assumed (10,000 
feet) may be readily computed from the table. 

It would .be possible to assign the effects of· an indefinite variety of 
other forms, but, in the absence of mote complete actual data respecting 
the ancient ice, the simple forms whose slopes have been computed are 
considered adequate. 

1. To form an idea of the volume of water consumed in the formation of 
the above assumed ice masses, the thicknesses of spherical shells, Imp­
posed to envelop the earth and to have volumes equal to the ice masses, 
respectively, have been computed.' Since the sea covers nearly three­
fourths of the· earth's surface, the products of these thicknesses by four­
thirds will represent approximately the necessary lowering of the sea 
level, if the water in the ice was drawn from the sea. The value ofT, 
the thickness of the equivalent spherical shells, and t T are given in 

_ the table below for the same values of .the index n as those used in the 
preceding table: 

Table showing thicknesses, T, of sphe'l'ical shells of equivalent value with ice masses, and 
equivale1~t lowering of sea lefel t T. 

n T iT 
-------·------

. JJ'eet, Feet . 

1 353 471 
2 530 707 
3" 636 848 

4 707 943 

5 757 1,009 

6 795 1,060 
7 824 1,099 

8 848 1,131 
9 867 1,156 

10 883 1,177 

00 1,060 1, 413 

As the value of n which probably corresponds neart-st to the truth 
lies between 6 and 10, the lowering of the ocean. would be from 1,000 
to 11200 feet, if the area of the ice was as great as assumed and the 
water was derived from the ocean and not from the melting of a cap at 
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the opposite pole. If the latter were the fact there might be no draft 
on the ocean. But the present extent of land in the southern polar 
regions is so limited as to raise a doubt of its competency to furnish an 
adequate supply, even under the hypothesis of alternate glaciation. 

2. To determine the position of the disturbed, relative to the undis­
turbed, surface, it was thought sufficient to compute the elevations of 
the water (1) at the center of the attracting mass, (2) along its border,· 
and (3) 1soo from the center. As the slope of the disturbed surface 
along the border of the mass is of considerable importance, its average 
value for a distance of 1°, or 69 miles, from the border has been de­
termined. These elevations and slopes are given in the following table 
for each value of the index n used above to define the shape and volume 
of the ice. The plus sign indicates elevation and the minus sign de­
pression of the disturbed, relative to the undisturbed, surface. It_will 
be remembered that n = oo corresponds to a mass of uniform thickness.· 

Table showing the position of the disttwbed, relative to the undishwbed, sea smjace, and the· 
slope of the disturbed smjace near the border. 

Position of disturbed, relative to nndis- .I Average slope 
tnrbed, sea surface. per ruile of 

disturbed 
n surface with-

At center of Along 1>0r·I1800 from in 1° of the 
ice mass. der of ice center of border of ice 

mass.· ice mass. mass. 

--------------
Feet. Feet. Feet. Feet. 

1 + 695 + 139 - 95 0.15 
2 + 895 + 215 -142 . 24 

3 + 985 + 265 - 170 -. 30 

4 + 1, 035 + 300 -189 . 34 

5 + 1, 067 - +326 -202 ·. 37 
6 + 1, 088 + 347 -212 .40 
7 + 1,104 + 363 -220 .42 

' 8 + 1,116 + 377 -226 .43 
9 + 1,125 + 389 -231 .. 45 

10 

I 
+ 1,133 + 398 - 235' 

I 
.46 

"' + 1,198 + 573 -281 1. 00 

As already explained, the numbers in the second, third, and fourth 
coh1mns of the last table assign the position of the disturbed or new 
equipotential surface relative to the undisturbed surface. The effect of 
the rearrange1l free wate!', which might possibly increase the computed 
results by slight amounts, has been' neglected. The results in the 
second column are heights to which the water would rise at .the center 
of the mass if brought within it in any manner,_as by a canal, and left 
free to assume equilibrium. If the amount of free water were sufficient, 
it would rise or fall, to the extent indicated in the third and fourth 
columns, respectively, at points along the border, and at the antipodes 
of the center of the mass. 
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The slopes gi~'en in the fifth column will apply to isolated bodies of 
free water adjacent to the ice mass, and also to the sea surface in the 
same vicinity, whether there be sufficient water to rise to the heights 
indicated in the second column or not. The maximum possible slope of 
the disturbed surface would occur at the immediate border of a mass of 
uniforrn thickness. This slope is found to be 1.80 feet per mile and cor-

-responds to a plumb-line deflection of 72". Since it is incredible that 
the ice mass presented at its border ltnything like a vertical walllO,OOO 
feet high, we infer that a mass whose maximum, or axial, thickness was 
10,000 feet would be quite inadequate to produce a slope of 1.80 feet 
per mile. 

Again, since all the results in the last table a;re directly proportional 
to the axial thickness of the ice, to produce as great an average slope 
as two feet per mile, within one degree of the border of a mass having 
the more probable shape defined by the index n = 6 to n = 10, would 
require an axial thickness, in round numbers, of 50,000 feet or 92-

.miles. To give,-with a like surface contour, a slope of five feet per 
mile-an inclination reached by the ancient beach of Lake Ontario 
(Gilbert)-would require an axial thickness of 125,000 feet. 

To produce nverage slopes as great as four or five feet per mile for 
any distance from its immediate border, the ice mass would require an 
enormous thickness, which implies for any largp, areal extent a heavy 
draft on the visible supply of water. The minimum thicknesses of ice 
masses, of varying radial extent, which would produce an average slop~ 
of five feet per mile within 10 of their borders, are shown in the follow­
ing table.1 These values are computed on the improbable supposition 
that the masses are of uniform thickness. The volume of each mass 
is indicated by the equivalent lowering of the sea level, or t T, as ex­
plained above. 

Table showing the minimum thicknesses of ice masses of varying radial extent competent tl) 
produce an average change of watm· level of jive feet per mile Witkin 1° of their borders, 
ana the equivalent lowering of the sea level. 

Angular ra- Minimum Equivalent 
dial extent thickness lowering of 
of mass. of ice. sea leveL 

Degrees. Feet. Feet. 
10 69,400 703 

20 57,500 2,308 

so 52,600 4,699 

38 50, 000 7, 065 

For masses having moderate surface slopes near their perimeters the 
axial thickness must be about twice as great as the minimum values 

'For a given radial extent of mass the slopes are directly proportional to the thick- • 
ness; ·so that for slopes of 1, -J, &c., feet per mile the thickness required willue t, !, 
&c., of the tabular values. 

/ 
/ 
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given in the table to produce the same average slope of five feet per 
mile within 10 of the borders. ·Thus, for the assumed extent of .mass 
(380 radius) and for n=6, say, an average slope· of five feet per mile 
within 10 of the border would require an axial thickness of about 
125,000 feet., or 24 miles. This correl'lponds to a lowering of the sea 
le\el of 2.4 miles, and, if the quantity of free water were sufficient, to 
an elevation~of the sea along the border of the ice of about 4,000 feet. 
The slope of the exterior surface of t.his assumed ice mass would .be 
very steep near its border, viz (see table of slopes), 275 feet per mile, 
which is widely at variance with inductions from observations. 

Confining further investigation to the working axial thickness of 
10,000 feet, we may inq tlire as to the extent of the variation of sea 
leYel at any point of the earth's surface, on the supposition of au alter­
nation of glaciation at the poles. For this purpose it is simply neces­
sary to compute the elevatiqn of the disturbed surface at the a~gular 
distance a of the point in question from the pole or axis of the ice mass 
and for the point 180°- a, and take the difference b~tween the results. 

Table ahowing the possible vm·iution of aea level at different pointa on; the earth's stn'face 
cansed by alternate glaciation at the poles, the maximum ·mass being of 10,000 feet unijo1·m 
thickness and of 38° radial extent. 

Angu- Elevation of Variations in 
lardi~- disturbed sea level from 
tance above nn- epoch ofmini-
from disturbed mum to epoch 
pole of surface. of maximum 
ice. glaciation. 

--·~--~-~ -~--

0 Feet. Feet. 
0 +1, 198 1,479 

10 + 1,169 1, 449 

20 + 1, 076 1, 352 

30 + 893 1, 163 

40 + 441 702 

50 + 185 434 

60 + 46 279 

70 43 170 

80 106 80 
90 152 00 

100 186 so 
110 213 170 

120 233 279 
130 249 434 

140 261 702 
150 270 1,163 

160 276 1, 352 

170 280 1, 449 

180 281 1, 479 

The elevation of the disturbed surface at the border of the ice is 573 feet (see table on page 295), and 
the possible variation of sea level at that point is 836 feet. · 

Since the maximum effects are of tnost interest, the variations in sea 
level on the supposition that the ice cap was of uniform thickness have 
been derived .. Tbe results, as .may be inferred from the ·table on page 



298 DRIFTLESS AREA. 

296, will not differ materially, except for points nea_r the border of the 
ice, from the results which would be derived on the supposition of a 
sloping ice mass corresponding to the index n = 6 to n = 10. The re­
sults are given in taoular form above for intervals of 100 from either 
pole. 

The variation of the slope of the sea surface at any point during the 
interval between the extremes of glaciation at either .pole will equal 
the sum of the slopes at that point (or the two epochs. The maxi­
mum variation is, however, only slightly greater- ahout 1 per cent.­
tban the maximum slope already computed, and requires, therefore; no 
further consideration. 

We may now apply these results to the problem of the loess, or, rather, 
to that limited phase of the great puzzle that calls for our present con­
sideration. 

The loess, on the borders of the "driftless region, reaches' an elevation 
of 1,285 feet above the ocean level.' (Considerably· greater heights are 
attaineq in the Missouri Valley.) By referring to the table it will be 
seen that this is greater than the maximum effects which an improba­
bly large mass of ice (10,000 feet uniform thickness and 38° angular ra­
din.s) would effect at its center. But the loess could at best only have 
been formed at the edge of the ice, or 330 from the center, where the 
elevation of the sea level would be but 573 feet. 

Besides, no allowance is here made for a lowering of the sea level 
from abstraction of water, which probably amounted to something, 
even if the glaciation alternated from pole to pole, and might, umler 
other suppositions, have co~npletely balanced and even overbalanced 
the effects of attraction. If it is thought that we should assume a 
greater maximum thickness of ice, it must, in offset, be conceded that 
P.eductionmust be made for the undoubted thinning of the ice at the 
margin, and also a large reduction in the areal extension. It does not 
appear, therefor~, that the attraction of the glacial mass could have 
lifted the ocean and ponded back the Mississi-ppi waters so as of itself 
to cause the deposition and existing distribution of the loess. Had 
there been a solid ice cap 10,000 feet thick throughout, reaching from 
a center in Greenland to the border of the driftless region, it would have 
lifted the sea level much less than half way up to the loess-capped bills 
of Iowa. 

If we were entitled to call in the remarkable elevations reached by 
the Chiuese loess, the inadequacy of the hypothesis would be conspicu­
ous, but the Chinese problem may have elements radically different 
from those under consideration; at least it is unsafe to appeal to it 
here. 

It seems, theretore, perfectly safe to assume that whatever influence 
the attraction of the ice exerted upon loess deposition in the driftless 
area came through ::1 change in the surfiwe slope, so to speak, of the 
inland waters. -
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On the assumption of an ice cap 5,200 miles in diameter, with Green­
land as its center and with a surface contour represented by n = 10 of 
the formula_: which is aU that observation will allow -and a thickness 
at the center of 10,000 feet, the change of water level withi11lo of the 
border would average .46 foot per mile. If the central thickness were 
20,000 feet, the change would be .92 foot per mile. To give the same 
mass with the real distribution of the ice would probably require more 
than twice that thickness, so that a change of slope one foot per mile 
would seem to be an overgenerous allowance for possible attraction. 
Indeed, in our judgment one-half foot is ample. 

But the slope from the summit altitudes of the loess on the north· 
western side of the driftless area to its southeastern limit, as well as it 
can be determined nuder the difficulties of its attenuation, is from two 
to three feet per mile. 

· To eliminate any doubt that may arise from the vague southeastern 
delimitation of the loess, let the ocean be supposed. to have been lifted 
to the maximium amount computed for the assumed larger mass of ice, 
and then the slope from the summit of the loess in Iowa. ·to this lifted 
ocean border be computed. A decline of more than two feet per mile 
for a distance of 400 miles will be the result. 

With other facts 6f like import falling into consilience with these, 
the conclusion that. ice attraction is quantitatively insufficient seems 
compelled. 

But, as geologists, it is our function to bring this hypothesis to the 
crucial test of geological facts rather than mathematical computations. 
If the present topographic at.titudes then existed, we encounter serious 
difficulties in its application, growing out of the distribution of the loess 
with respect to the ice ma~_.;ses. 

If the ice stream, 340 miles wide, that passed by on the west side of 
the driftless district was able to draw up the waters on its flank ~o as 
to c·over the adjacent. region with a belt of loess 40 miles wide and 
reacbing heights 700 feet and more above the present Mississippi, why 
did not the ice on the east side, which extended back many hundred 
mile~, cover that side to at least as great height" f .. Indeed, why did 
not the combined attraction of the ice on all sides cover the· whole re· 
gion with water without regard to an i.r.e da.m at the south~ If the ice 
on the other sides had a competency equal to that supposed to be indi­
cated by the loess 0n the west, this must have been accomplished; but 
we find the border of the drift on the east side of the driftless region 
unattended by evidence of a general persistent submergence, in the 
form either of loess or of any _other subaqueous deposition. So, likewise, 
we find the border of the ice field of the later epoch on the east and 
north of the driftless region unattended by evidences of water drawn 

·up about the margin by ice' attraction, and, in this instance, we have 
specific evidence that such bodies of water did not exist, for along the 
outer side of the moraine there are ovenvash plains and valley streams 
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of coarse drift that could have been deposited where they are only by 
strong currents flowing away from the border at considerable gradi­
ents. These streams, as we haYe heretofore stated, flowed down 
through the deep valleys of the driftless region 600 feet lower than the 
summit of the adjacent loess. In the one glacial epoch, therefore, there 
were conditions which permitted the deposition of the loess over the 
heights broadly, while in the other strong currents swept down through 
deep valleys. Now, if there be any advantage in respect to the at­
tractive pqwers of the ice in the two epochs, it probably lay in favor 
of the later ; for the energetic action of the later sheet and the massive 
moraines which it pushed up at its edge appear to indicate that its 
border was thicker and its adjacent body more massive than that of 
the earlier glacier, which spread itself out so innocently over the plains 
of Iowa that it did not destroy the general prevalence of the vegetal 
interglacial deposits that lie between the upper and lower tills, assum· 
ing, of course, that the overlying till was spread out by a glacier, which 
is necessarily involved in the hypothesis we are discussing. 

There is a further difficulty involved in th1s lqpothesis. If the at­
traction of t.he ice was competent to draw up about the glacier's margin 
such bodies of water as those indicated by loess distribution, these 
waters should have followed, as it retreated, over similar slopes, subject 
to some allowance for the thinning of the ice under the action of wast­
ing influences. Deposits which may be interpreted as indicating the 
presence of peripheral waters are somewhat prevalent over the area 
abandoned by ice, but these are not usually of a class closely approxi­
mating the loess. 

Crust changes.- 'J'he second hypothesis assumes that the attitudes 
of the surface in the several- glacial stages were not identical, either 
with each other or with the present one. This hypothesis is not in itself 
antagonistic to a belief in ice dams where there is specific evidence. of 
their existence, nor is it at all incompatible with a belief in any llleas­
ure of attractive influence on the part of the ice. Indeed, depression of 
the crust would be aided by the weight of any waters that might be 
drawn np about it by the ice. Whatever attractive force the ice may 
have had must be an element in any complete hypothesis based upon 
a belief in changes of crust attitude. 

The general hypothesis of crust changes has subordinate phases 
which need to be stated. Changes in the attitude of the ernst may 
be supposed to have taken place as purely inter-current phenomena, 
having no direct relationship to the presence of the ice or to the prog­
ress of glacial events. Such oscillations .have marked all stages of 
geological history, and are due to occult causes into which glacial stu­
dents have no occasion to inquire, though they must take account of 
the fact. Such changes have probably been ever in progress, in some 
quarter of the globe, if 11ot in all quarters, tbroqgbout the lapse of 
geologic time, and that some of them should have occurred during the 
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glacial epoch, and have made themselves felt upon glacial phenomena, 
is a belief entirely in accord with geologic history. Such changes would 
probably be fortuitous, so far as the glacial field is concerned. There 
would be no conformity, except by accident, to the territory occupied 
by the ice. 

If general considerations could have much weight in anticipating 
where such movements would occur and of what order they would be, 
it would not be unnatural to suppose that those areas which in the 
last preceding geological ages occupied attitudes and elevations dif­
ferent from the present would be those most likely to partake of such 
movements. For instance, in the Cretaceous period, the sea occupied 
the great plains· to the west and came up to the very border of the 
driftless region, if, indeed, it did not actually encroach upon it. So, 
also, in the Tertiary age, the area lying to the westward of the driftless 
district was a low basin as late as the· Pliocene period. There are 
several considerations, some of which will appear in the following dis­
cussion, which render plausible the view that the lingering effects of 
the Pliocene depression were felt in the earlier Post-Pliocene epoch. 
So, in like manner, there are several classes of phenomena in the Appa­
lachian region that have suggested to several geologists independently 
the view that that tract has partaken of relatively recent elev.ation. 

On the other hand, the deep old canons of many of the tributaries of 
the Mississippi, and of that stream itself-as indicated by the observa­
tions of Hilgard on the deep-laid Orange sand in its lower portion, 
the artesian wells to which we have before alluded in its upper course, 
and the deep erosions of the Cretaceous and Tertiary strata in the Upper 
Missouri region-suggest, with equal or greater force, the probability of 
a Post-Tertiary eleva.tion.· These suggestions are not necessarily incom­
patible. They may be reconciled by supposing a warping in the general 
crust movement which the continent experienced in the later geological 
epochs. It may be supposed that at the time of the earlier glacial epoch 
the Tertiary basin of the Middle Missouri region had not fully attained 
its present elevation, wb1le in the Lower Mississippi region the Tertiary 
estuary had not received its present relative ele,Tation on the eastern 
border. The latter is rendered plausible by the fact 'that the present 
Mississippi flood-plain lies on the western side of the old estuarian de· 
pression, as well shown by the general geologic map accompanying the 
repo~t of Mr. IHcGee in the Fifth Annual Report of the United States 
Geological Survey. 

Our data are much too meager as yet to justify us in fastening upon 
such hypotheses as these, however plausible they may be and however 
accordant with our present knowledge, but they are fruitful in suggest· 
ing observations and they encourage the hope .that all . the puzzling 
features of our Quaternary deposits will fi.ud fit elucidation in the mut­
ual light these will shed on each other when all the complex phenomena 
of the great basin have been gathered and organized into a com:istent · 
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whole; when bone shall have come to his fellow. bone, in the valley of 
dead and scattered facts, and a vital interpretation shall have given 
life to the whole. 

Deformations produced by ice.- A second class of deformations have 
been held by many geologists, our!'lelves among the numuer, to be prob. 
ably due to tbe presence of the ice itself. These deformations are pre. 
sumed to arise from three classes of influence: 

(1) The weight of the ice, it is held, must necessarily produce com.: 
pression of the rocks, and whenever the depth of ice loads the surface 
with a weight that bears any appreciable ratio to the elastic resist· 
ance of the rock, a measurable depression of the surface must re~ult. 
Such a deformity must, in-its nature, bs.confined essentially to tbe rock 
immediately beneath the ice, a.ud cannot be assumed to be effective in 
the territory beyond. But the loess stretches out over the pebble drift 
and driftless region 40 miles beyond the supposed limit of the ice and 
considerably more than that beyond any great thickness of it, so that 
whatever may be the quantitative effects of deformation due to com­
pression beneath the ice, we seem to be unable to derive much help from 
it in the solution of the puzzle. 

(2) One of us bas elsewhere suggested 1 that a slight deformation 
would arise from the reduction of the temperature of the superficial por. 
tion of the crust, due to its long-continued occupancy by t,he ice and 
the penetration of the strata to the depths of their permeability by cold 
waters in lieu of those which before had the average temperature of the 
mild climate of pre-glacial times. The radial contraction drte to this 
would be quantitatively insignificant; but the lateral shrinkage for the· 
broad tracts occupied by the ice would be cumulatively considerable, and 
if the strain upon the crust were such that equilibrium depended, in any 
notable measure, upon the tangential support of the superficial portion 
so affected, the lateral contraction might lead to appreciable depress-ion. 
For instance, for the tract covered by the drift west of the driftless area 
the horizontal shrinkage for a lowering of the temperature 150 F.­
accepting current estimates of the coefficients of expansion for average 
rocks-would be about175 feet. The extent to which this woullllower 
the surface might vary very widely, according to its relations to .the 
other forces that control the status of' the crust, which are largely un­
known factors. By hypothesi.s the effects might be very trivial or very 
importf!Jnt. But probably this agency may be regarded as unimportant, 
except in special instances of balanced stmins. 

(3) A third influence due directly to the presence of the ice consists 
of a supposed bodily depression of the crust under the extra load thus 
imposed upon it. The validity of this belief depends upon the correct­
ness of the doctrine that the crust is balanced or nearly balanced under 
the combination of forces, active or potential, affecting it. The question 
is not simply one of the strength of the crust of the earth, in itself con-

1 Geology of Wiscon~in, Vol. I, l8b2, p. ~90. 
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sidered, but one of the surplus power of resistance which it has over 
and above that used up in meeting the strain and load beneath which 
it is already laboring and which surplus it can oppose to a new burden. 
lt is manifest, upon consideration, that at every turning point in the 
oscillation of the crust, where it ceases to descend and begins to ascend, 
or where it ceases to ascend and begins to descend, there is an abso· 
lntely accurate balance between the active forces that are brought to 
bear upon it. Tbere is also reason to believe that at the intermediate 
stages ·between the changes from one movement to apother there is an 
approximation to equilibrium between the several forces arrayed on the 
side of elevation and on the side .of depression. Now, at the stages 
of absolute equilibrium, theoretically at least, a trivial addition to either 
si.de of the balance must initiate a movement. So, also, in the stages 
of approximate equilibrium, a.comparatively slight in1.1rement of force 
on the one side or ti1e other may stay a movement and reverse its phase. 
The question, therefore, is not whether the superposition of a glacier is 
competent t.o overcome the total strength of the ernst of the earth, but 
merely whether it is able to turn t},le balance of forces from the one side 
to the other and determine a new movement or a new attitude of equi­
librium. 

At fir::;t thought the validity of this doctrine might seem to be largely 
dependent upon the condition of the interior of the earth. In some 
measure perhaps it is. But it appears to us that the foregoing con. 
siderations hold measurably true, whatever hypothesis of interior con· 
stitution is entertained, consistent with the known facts of crust oscil­
lation, displacement, and deformation. 

Now if the depression of the crust under its burden of ice, acting in 
t~ese three ways, was appreciable, the efl'ects were felt immediately be­
neath and about the ice .. If such a local depression was combined with 
the supposed lingering of Pliocene depression of the western region, the 
two would seem to furnish the peculiar attitudes of the surface which the 
loess distribution seems to demand. The failure of the loess to appear 
on the e<\stern border may be plausibly attributed to the fact that, while 
depression took place in that region, it did not reach a stage of submer­
gence. That depression took place in Eastern Wisconsin at some time 
during the glacial epoch, there is evidence in the deep river cbannels 
and the depressed lake basins. The latter, however, are subjects of 
controversy, and although our views are compb\')ite, embracing a large 
element of all current ones corn bined, we will not here urge the point. 

But the Rock River, a tributary of the Mississippi, has a channel which, . 
at Janesville, Wis., i~:; 250 feet below tbe present stream and at Lake 
Koshkonong 320 feet below it, while the several artesian wells at La. 
Crosse, Prairie du Ohien, and Dubuque do not show a depth of the old 
calion of the Mississippi much exceeding 100 feet. • The bottom of the 
well at Lake Koshkonong, in the Rock River Valley, though still in 
d;rift, is about 120 feet below the surface of the Mississippi at the june-
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tion of the two rivers, so that, if the old canon of the Mississippi at the 
junction is as much below the present surface as it is in the driftless 
region (it being und~rstood that the old canon does not underlie the 
present course of the river, which there bas a rock bottom), there would 
be no falf from Lake Koshkonong to that point. Or, again, the bed of 
the old Rock River at Lake Koshkonong is 50 feet below the old bed of 
the Mississippi, directly opposite on the west. The general law being 
that tributaries have higher gradients than their primaries, especially 
when the tributaries are relatively small, it appears improbable that the 
two canons could have been excavated to their relative depths in the pres­
ent attitude of the surface. It is .therefore probable that at the time 
these deep valleys were cut t.he Rock. River bed was relatively higher. 

There is perhaps concurrent testimony in the observation that the 
tr!butaries of the Mississippi on the east side usually have flat bottoms 
and a low gradient reaching well back toward their headwaters, as pre­
viously described in the discussion of the topographic features of the 
region. On the other hand, the tributaries coming down from the west 
usually have steeper inclines with rapids and cascades toward their 
head w::.ters, many of which do not seem attributable to diversion of the 
channel by drift. 

These several lines of evidence support the belief that the eastern as 
well as the western side of the driftless area suffered depression, but 
that, on the east, owing to greater anteredent elevation, the surface was 
not brought down to the point of submergence. 

We have heretofore called attention to concurrent evid·ence, spring­
ing froni other lines of observation, but we may not here turn aside to 
consider them. 

Fully appreciating the fact that much more ample data are necessary 
to constitute a sure groundwork for belief, and, certainly, fully aware 
of the imperfection of these brief abstracts from the evidence at com­
mand, there yet seems to us a sufficient basis in observation to support 
the hypothesis that crust depression, whether due to the causes above 
indicated or to others, played an important part in the conditions which 
fostered the deposition of the loess and gave it its remarkable distribu­
tion. 

Source of the silt.- The constitution of the loess seems to us to indi­
cate that it is an assorted variety of glacial silt directly derived from 
glacial waters. The clearest testimony to this seems to us to lie in the 
calcareous and rna gnesian ingredients which it so generall_y presents. 
It might be maintained that the calcareous element is due to molluscan 
shells and their deuris imbedded in it, but the, calcareous ingredient 
has a much wider and much more uniform distribution than tlJC shells, 
and the well preserved delicate fossils are not accompanied by a suffi­
ciently abundant series of fragments of various degrees of comminution 
to make it propable that the widely disseminated calcareous element is 
d'ue to the comminution of fossils or to the solution and redeposit of 
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their material. But the stronger argument lies with the magnesia, 
which is not a notable constituent of the molluscan shells, and- there 
seems no evident source for it except the drift in which it abounds. 
The superficial residuary clays are nearly free from both, so that wind 
action cannot plausibly be supposed to have derived the loess from 
them. A similar argument may be drawn from the undecomposed mi­
croscopic particles of the silicates abo•e discussed. 

These arguments are not quite conclusive against the wind theory, be­
cause in arid and nearly soilless regions the mechanical action of winds 
and of occasional torrential rains plays a large part in the formation of 
detritus, while decomposition is less active. ·Precisely what is the char­
acter of the finer constituents of the soils of the western arid regions-is 
yet nndeten.ninecf, .but it is not irrational to suppose that they embrace 
a larger element of undecomposed material than those of the humid re­
gions.1 On the other band, the wind-drifted sand of arid tracts is known 
to be more worn by attrition than water-rolled sand, and particles of' 
loessial size would probably also be worn by violent impact against ob­
structions when driven by the desert gales. No trace of such actien 
has been detected in the microscopic examinations. 

Taken in connection with the distribution, the above considel,'ations 
appear to point to glacial silt as the parent formation of-theJoess under 
consideration- without prejudice to the view that there may be closely 
similar deposits of dill'erent origin. 

Time of the deposit.-The loess deposit on the border of the driftless dis­
trict appears to have been contemporaneous with the closing stages of 
the second episode of the first glacial epoch. The observations of Mr. 
McGee, on its_ western border, seem to necessitate the contemporane_ous 
presence of the ice over the loe!'!sless drift plains of North Central Iowa. 
The coexistence of the ice over these plains, with a body of water in 
which a deposit so completely assorted as loess was taking place, with­
out more than very rare instances of erratics dropped from floating ice, 
is a puzzle-indeed, a seeming incompatibility-forwhich we find no en­
tirely satisfactory explanation. The nearest approach to it we find in 
supposing, first, that the bordering waters which lleposited the loess 
were shallow, and hence had little competency to detach and float away 
ice masses. This incompetency would be increased by the bills and 
highlands which, to a considerable extent, formed the limtt of the loess 
in the region where the phenomena prevail. In the second place, it _is 
possible that the border of the ice, in the thinned state at which it is 
supposed to have arrived at the time of the deposition, was largely im­
planted with glacial debris and covered superficially by wind drift ac­
cumulations and the residue of ablation, so that its ·melting was delayed, 

1 Cf. Report on a Series of Specimens of the Deposits of the Nile Delta, obtained 
by the recent Boring Operations. By J. W. Judd. Proc. of the Royal Society, No. 
240, 1886. ' 
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and it formed a barrier of commingled drift and ice, which prevented 
general berg action along the border so protected. These conditions 
would only obtain in topographic situations peculiarly adapterl to their 
development. But it seems not impossible that such conditions ol.J­
tained along the highlands of Western Iowa and Minnesota. Perhaps 
some plausibility is gained for this hypothesis by the observation that 
in Central and Southern Iowa, _where the conditions above indicated 
could not. so plausibly be supposed to have obtained, the bowlder drift, 
as descriucd by Mr. McGee, graduates up _into pebbly clay, and then 
into pebuleless clay, and thence into loess, the whole seeming to be a 
consecuti,·e series. This ·continuity seems to imply that there was a 
gradual passage from conditions favorable to the dep!Jsit of subaqueous 
stony clays into conditions that e-xcluded the stony element and h•d to 
the measurable separation of the clayey const.ituent. These may have 
been found in the thinning and retreat of the ice and the shallowing of 
the waters. 'l'he shallowing of the waters might develop increased but 
very gentle currents, which would remove the most easily transportable 
constituents and leave the less fine silt. 
T~e assortment of the material.- Our observations upon the clayey 

matrix of tbe tills, upon the clays that collected in many of the lake 
basins that abound on its surface, and upon the sediment of turbid gla­
cial waters indicate that " glacial milk" deposit and loess are not pre­
cisely identical. There appears to have been a remarkable classification 
of material. The Cl?arser must have been persistently and steadily kept 
behind, while the finest, at least in the proportion necessary to give plas­
ticity and imperviOusness, was excluded. The requisite conditions may 
perhaps have been found _in the fact that the loess-depositing waters 
were neither true Jakes nor true rh·ers, but assumed an intermediate 
fluvio-lacustrine character, possessing sufficient onward flow to prevent 
the deposition of a large proportion of the clayey constituents of the 
silt they bore, w bile the coarser particles were dropped; the motion, on 
the other hand, not being sufficiently Yiolent to transport sand, except 
in the immediate vicinity of the source and in the immediate valleys 
of the greater streams, where the currents were somewhat appreciably 
accelerated. 

It is difficult to draw a satisfactory distinction between a lake and a 
river, but, considered as geologic agencies, the distinction should prob­
ably be drawn with reference to the competency of the water to move 
material along its bottom. .A river not only transports matter in sus­
pension, but rolls it along its bed. .A lake, aside from winds, is devoid 
of the latter power. Its feeble currents may transport matter in sus­
pension, as they certainly do in solution, but in a true lake matter is· 
not rolled along the bottom by the current passing through it. 

The loess probably represents the debatable ground between the two. 
The coarser stratified portion along the immediate valleys of the great 
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streams seems clearly ou the fluvial side of the line, while the broad, 
loam-like mantle apparently -lies on the other side. 

The assortment was not, probably, entirely due to the conditions of 
deposition, but, probably, quite largely to the character ofthe material 
supplied to the waters. Had they been greatly deficient in the larger 
grade of particles that characterize loess, it is doubtful :whether the 
aqueous agencies of assortment would have effected a sufficient degree 
of classification to have produced a porous product. The rock flour 
produced by glacial grinding was doubtless rich in particles of the ap­
propriate grade. Samples of glacial sediment from Mount Shasta, fur­
nished by Mr. Diller, show a larger percentage of particles of the coarser 
loess grades than the loess itself. Probably the waters of the Quater­
nary glaciers contained a larger clayey element derived from old resid­
uary earths and from clayey strata, and it is probable that only a mod­
er~tte amount of elimination of clayey constituents was necessary to 
bring the residue within the limits of the loess grades. 

-
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CHAPTER V. 

TERRACES. 

TERRACES OF THE GLACIAL FLOOD DEPOSI'l'S. 

We have heretofore remarked that the floods that issued from the 
border of the glaciers of the second epoch bore detritus down the val­
le,ys that Jed across the driftless area and filled them up to depths of 
100 feet, more or less, above their old channels, giving to the valleys 
broad, fiat bottoms. Into these the streams have since carved systems 
of terraces. The extent to which this carving has proceeded varies both 
in depth and in width, and the resulting terraces vary accordingly. In 
the Mississippi Valley the lateral action of the stream has been suffi-, 
cient to almost entirely remove the glacial deposit from blufl' to blufl', 
except in embayments and in the enlarged mouths of tributaries. There 
is, therefore, no continuous or conspicuous system of terraces border­
ing the Mississippi. The disconnected remnants show only one prev­
alent plain, the old flood plain of the retiring glacial epoch. Below 
this there are occasional lower terraces, but we have not discerned any 
prevailiug subordinate system. They seem to us to be local phases 
of degradation. The upper terraces representing the glacial flood plain 
are about 100 feet above the present river, where they enter the drift­
less region from the northwest; where they issue from it at Savanna, 
III., they are about 50 feet above the water level. 

A similar general statement may be made respecting the valley of 
the "\Visconsin River, except near the point where the Kettle moraine 
.crosses it, near Prairie du Sac. Here the river hugs the left or south­
ern blufl's, and the broad O\'erwash plain of the moraine lies on the 
right, about 90 feet above the present water surface. At the point of ' 
its origin this ol~ plain still occupies nearly the entire width of the val­
ley, but shortly after passing the moraine the present river has suc­
ceeded in re-excavating almost the entire width of its broad bottoms. · 

Along the Chippewa River the post-glacial excavation has been deeper 
but less in lateral extent, resulting in the development of a very fine se-. 
ries of terraces. The flood plain ·issued from the moraine at an eleva­
tion about !:190 feet above tide. 1 At Chippewa Falls, the upper terrace 
plain is about 913 feet. Between Chippewa Falls and Eau Claire it 
ranges from 913 feet down to 885 feet, which is its elevation at the lat-

1 This and tho following observations on the elevation of tho terraces of the Chip­
pewa are from aneroid measurements made by Mr. D. W. Mead. 

308 I 



SIXTH ANNUAL REPORT PL.XXVlll 

GLAC IAL PtOOD PLAIN OF TH E CHIPPEWA RIVER . 

;\1oraineand lated)rifl U Ea.,·l ie r Orifl D GIIH·ial Flood Pla111 TributaryPlain~ Orerract:>SysLem 

ScalP 6 mi le:::· ( inch.Conlour- interval, 2f• .FL 



CILUIIJERLIN AND SALISBURY.) THE TERRACES. 309. 

ter locality. From this point to Durand, 27 miles below, it declines from 
885 feet to 735 feet. At its mouth its elevation is probably about 680 
feet, though we ·have no trustworthy measurement. The old flQod plain, 
therefore, from its head to Durand declines, in the distance of 42 miles, 
255 feet, or 6.07 feet per mile. The total decline to the Mississippi, as­
suming that it there had the same elevation as the terrace opposite 
its mouth, is 310 feet, or 5.25 feet per mile. 'fhe height of the upper 
terrace at Chippewa Falls, aboYe the present water leYel, is 65 feet; at 
Badger Mills it is 80 feet. At Eau Claire, below the falls, it is 130 feet; 
at Meridean, it is 90 feet; at Durand, 63 feet. Its greatest elevation 
occurs at Eau Claire, from which it appears that the presl'nt stream 
declines more rapidly from the origin of the. flood plain to Eau Qlaire 
than the ancient one, a fact which is mainly due to the rock barriers 
of granite at Chippewa Falls and of sandstone at the Upper Dalles 
and at Eau Claire, which have retarded the-cutting down of the present 
stream in this portion of its course. From Eau Claire to the mouth 
of the Mississippi, the present flood plain declines less rapidly than the 
ancient. 

Between the granite barrier at Chippewa Falls and the moraine, the 
system of terraces embraces four members which frequently merge in 
one that is not sharply or constantly developed. ·Below Chippewa Falls 
the system changes, and three well defined terraces are developed at 35, 
55, and 80 feet, respectively, below the glacial flood plain. The next 
rock barrier,. in section 16, Lafayette Township, introduces anothe:~;. 

change, giving onl.Y one well defined terrace 25 feet beneath the old 
, flood plain, while below there lie a rambling series of minor ill·detlned 
platforms. A constri\ltion at Lafayette Mills cuts off the entire series, 
below which only two are developed, the lower one' being about 40 feet 
belowthe flood plain. Below the Narrows at Eau Claire three terraces 
are well developed, the first <;me being 50 feet below the glacial flood 
plain, the second 80 feet below, and the third 95 feet. Below a constric­
tion in section 25, Ean Claire 'J:ownship, a system embracing plains 25, 
70, and 90 .feet, respectively, below the ancient flood plain is developed. 
Below this, the se\'eral terraces are quite largely lost in a single slope 
frQm the glacial to the .present floou ·plain. The maps of Mr. Mead 
clearly show that the successive systems of terraces here owe their 
origin to the barriers the present stream encountered in cutting down 
its channel. · Ead1 stayed the down ward progress of the stream and 
caused the portion immediately above to excavate a wide plain by lat- · · 
eral cutting as it meandered to and fro. It appears probable that the 
barriers were cut across by the formation of falls which began at the 
lower side and gradually cut back across the obstruction. When the 
stream bad thus cut a "stope," as miners would phrase it, across the 
barrier, and reached the soft detrital material above, it would rapidly 
trench back through this and assume a new level, where it would re­
main while the next stope was being cut across the barrier. In the 
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mean time it was engaged in forming a new plain above, by meandering. 
we know of no reason for believing that there were special elevations 
of the barriers. 

There is an interesting development at Eau Claire which affords a 
positive demonstration that the terraces of the Chippewa Valley are 
purely the results of excavation, and not in any sense constructive. 
The recent river, instead of following the main old valley, took a course 
across a neck of rock on· the west side, and has cut its new channel en­
tireJy outside of the old valley. In its meanderings above and below, 
it bas excavated nearly across the old valley, but a narrow neck of the 
old filling extends from the bluffs on the east entirely across the old 
valley and joins t,be bluff which formed the headland, across the neck 
of which the present stream bas cut a rock channel. Essentially the 
same 'phenomenon occur~> above and below, but is not so cleverly 
shown.. A similai· phenomenon occurs on the Trempealeau River, at 
what is known as the "Pass," which is a narrow rock gorge cut by the 
recent stream on the western side of the old valley, lt:•aYing a remnant 
of the old flood plain stretching across the former valley entirely intact. 

In the Black RivAr Valley the old flood plain projects, first from the 
one side and then from the other, in such a way as to form interlinking 
teeth, as it were, that leave no ground for douht that the entire valley 
was completely filled. On the Wisconsin River, immediately below the 
moraine, nearly the entire valley on the north side is filled with flood 
deposits, the present Htream occupying a narrow gorge upon the ::;outll­
erly margin which is so manifestly a post-glacial cut that the,tilling of 
the whole valley cannot be a matter of doubt. 

Iu the Rock River Valley, just below Janesville, the stream passes 
through a rock valley lying on the west side of the old valley, which it 
here entirely abandoned, leaving for several miles the glacial flood plain 
intact. At several 11oints below, the str~am closely bugs the w~stern 
side an!l encounters the rock margin of its old valley, leaving the deep 
ancient gorge filled essentially from bluff to bluff to a known depth rang­
ing from 150 to 350 feet and a probable maximum depth of 400 feet. 
~ext to the Chippewa River, the terraces of the Black River are best 

developed, but they have not as yet' been critically studied. On the 
Trempealeau River there are also fine terraces carved mainly from the 
finer fluvial constituents, this valley apparently not having been one of the 
main cha~nels of glacittl discharge. On the west side of the Mississippi 

·the Zumbro, in Minnesota, and the Turkey River, in Iowa, are attended 
by fine gravel terraces, both of these streams apparently having been 
avenues of discharge for the glacial waters of the second epoch, and thus 
became filled with gravel trains suitable for the subsequent carving 
into the terraces. Nearly all the other tributaries of the Mississippi and 
the Wisconsin have a system of one or more terraces, excavated from 
the silt plains that filled those rivers near their months, owing to the 
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building up of the bottom of the main arteries and the ponding back 
or slackening of the inflow of the tributaries. 

The great alluvial systems of the driftless region and the adjacent 
district are unmistakably connected with the second glacial epoch, and 
the higher syst.ems·of sharply cut terraces were excavated from plains 
which had their origin during that epoch. None of the valleys that ex­
isted before that epoch and were not filled during it present any sharply 
defined terrace system. None of the old drift furuishesa substratum out 
of which a sharply defined terrace system has been excavated. This 
appears to be mainly due to the an_tiquity of the earlier epochs. 'rhe 
]ap:;e of ~ime since the valleys were exposed to excavation has been· 
such that lateral erosion has rounded down and deeply dissected the 
bordei·s of the valle~'s. There are not wanting obscure evidenees of old 
terraces, but they are only the rounded remnantR of a nearly obsolete 
S~'stem. Nowh(•re have they tile sharply angular edges nor the steep 
descent. of the newer system. J!'rom somewllat wide observation we 
entertain the confident belief that when the respective ages of the ter­
race ~'.rstems of the Quaternary period shall have been determined it 
will appear that all of the clean-cut, sharply defined alluvial terrace 
systems were constructed from the later drift and tJ:te Champlain de­
posits, and that no system of dr~ft terraces as ancient as the earlier 
glacial epoch has failed to suil'er degradation to so great an extent as to 
lose its sharp definition and become unobtrusive. The detection of these 
will be the work of critical observers alone. 



CHAPTER VI. 

HISTORY AND GENESIS. 

SEQUENCE OF EVENTS. 

The theme which might be regarded as the central subject of our 
paper remains untouched: the origin of the driftless region. The dis­
cussion of this question is not, however, the prime object of this paJ;er. 
In our judgment, the vital elements of the true cause of the driftless 
region were made known some years ago by Winchell, I~ving, and the 
senior writer of this paper. The topic, however, needs supplementary 
discussion, as well as some consideration of its relationship to the suc­
cessive stages of glaciation, of which our knowledge has since been 
brought into clearer_ definition. In this paper we have been seeking the 
light which t.he driftless region throws upon the successive episodes of 
glaciation and the conditions which were potential during them, rather 
than the propagation of the doctrine of its origin. · 

Preliminary to this question of origin, it may be serviceable to call 
up afresh the sequence of events which are expressed in the phenomena 
of the region and of the bordering drift tracts. 

Antecedent to the epochs of glaciation there had been a prolonged 
inter,·al of surface erosion, during which the face of the country was 
sculptured deeply into systems of hills allll dales in complete subserv­
ience to the familiar methods of drainage erosion. 

1. The first event of the ice age, of whicl! we haye yet found suffi­
ciently clear testimony to demand co.nsideration herP, consisted of an 
extension of the glaciating agencies from the· north around both sides 
of the driftless area and their coalescence below it. The stream on 
the west reached 250 miles below it and the stream on the east 325 
miles. To this stage, as we now interpret it, is to be referred the older 
drift sheet which forms the border on the southeastern and northern 
sides of the area. We also regard the attenuated pebbly bonier npon 
the west side as contemporaneous witli this. Of this relatiouship, how­
ever, we have not that .specific and definite evidence which could be 
desired. .As we have before indicated, the lithological character of 
the pebbly drift border is similar to that of the lowermost memuer of 
·the drift series of Iowa, as determined uy McGee. This is subordiuate 
to the upper till, which is held by McGe~ to have also a pebbly border 
and to be esseutially contemporaneous with the loess. Now the loess 
deposit overlaps the southern portion of the old drift on the eastern 
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border of the driftless area and presents indications of an intervening­
inten-al; so that the most rational view seems to us to be that the lower 
drift on the Iowa side, including the pebbly border, is the equimlent. 
of the older member upon the east side. 

The agency which deposited the older drift upon the east side and in 
like manner spread at least a portion of the extended drift sheet upon 
the west side was, we are conduced, land ice. We will not here enter­
into the discussion of-the evidence in support of this opinion, but simply 
refer to the description of the older mantle of drift on the southeast side­
of the driftless district, where it is found to terminate in a way that seem& 
to us entirely incompatible with any hypothesis of glacio-natant depo­
sition. The constitution and distribution of the material are such as. 
we esteem to be peculiarly the result of glacier action as distinguished 
from the deposits that we conceive may be formed by floating ice. Stri::& 
of the glacier t.ype occur west of Beloit, Wis., pointing directly.toward 
the drift margin and within 25 miles of it.1 

The attenuated pebble border, however, does not possess characters 
which we can attribute to glacial production. The exceedingly atten­
uated edge, the paucity of glacial clays, the want of notable erosion of" 
the glacial kind at any observed point, and the several other character­
istics brought out in the description before given, seem to us to exclude­
direct glacier action. We believe the deposit was formed by the aid 
of floating ice in a body of water fringing au ice lobe which lay to the, 
w~st. Evidence of such an ice lobe we find in the character of the de-

. posits which certain portions of the drift-mantle of the territory to the­
west present ·and in the planation and striation of the surface at cer­
tain points. We have at times entertained doubt as to the direct. gla­
cier origin of some of the outer portions of the older drift, and, under­
the promptings of this skeptich;m, a few months ago one of us Yisited 
the southernmost known locality of striation in ·that quarter-that in­
the southwestern corner of Iowa, previously described by Dr. 0. A. 
White 2 - with the especial pur})OSe of determining, if posl'!ible, whether­
it was truly the work of a glacier or of some other agency. Tbe sur­
face was found planed to a uniformity and smoothness and engraved 
with both coarse and .delicate lines of a straightness and steadiness of" 
course and a delicacy of execution that do not characteri;~e the work 
of any other agency with which we are familiar. Viewed in the light 
of the presence of local material in the drift, and of the very significant. 
distribution of quartzite erratics, long since pointed out by Dr. White,3. 
and of the observations of strim by Hayden, Aug hey, and 'l'odd, in N e­
·braska, there seems a decided preponderance of evidence in favor of 
the glacial occupancy of the western region, at least as far south as the­
limits of Iowa. ' That this lobe may ha,-e been bordered more or Jess. 

1 I. M. Buell, Transactions Wisconsin Academy of Sciences, 1876-'771 p. 229. 
2 Geology of Iowa, Vol. I, 1870, p. 94. 
3Loc. cit., pp. !;7-91. 
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extensinly on other sides, as we suppose it to have been on the east, 
lJy marginal waters, is not improbable. Professor Mudge describes 
erratic p~bbles in Eastern Kansas as being scattered as far south as 330 
north latitude, while the bowlders only extend to 380 50'.1 From a 
reconnaissance of the region, we are of the opinion that no glacier ex­
tended beyond the limit of bowlders, as we saw nowhere specific gla­
cial evidences. Our obset·vations in Missouri are of like import. 

2. The second salient event which we re<"ognize was the deglaciation 
of the region to such an extent as to permit the growth of vegetation 
over the surface; not, as it would appear to us, that it was a great 
forest-clothed region, but still a tree-covered one. 

3. The third leading event was a reglaciation, evidence of which has 
been developed by the geologists of Iowa and Minnesota previously 
cited. This spread over the region a mantle of till deeper than the 
earlier one. Its action was such as to bury beneath its border the old 
soil, peat beds, trees, and other vegetal relics of the preceding episode 
of deglaciation. To what precise extent the vegetation was buried by 
being overridden by the ice, and to what extent by glacio-natant agen­
cies, remains with us yet au open question. Mr. McGee maintains that 
the abrupt border and singular distribution of the loess in Eafitern Iowa 
is evideQce that it was formed contemporaneously with the closing 
stages of this glacial episode, and, one of us having cursorily inspected 
some of the more significant localities of the region under Lis guidance 
an!l h;ving studied other ·portions independently, we are inclined to 
acquiesce in his Opinion, though, as heretofore indicated, we are unable 
as yet to frame a fully satisfactory conception of the precise conditions 
which would permit a deposit of silt of so wide nrtical range without 
involving also a greater deposition of pebbles, bowlders, and cla.r through 
the same agency as that which spread out the loess. Pebbles do occa­
sionally occur -in the loess, and one of us observed a bowlder 4~ feet 
in diameter, which was found wholly imbedded in it. The loess does, 
also, in Southeastern Iowa, according to McGee, graduate imperceptibly 
downward into stony clays. It also graduates laterally and vertically 
into clayey deposits in Southwestern Minnesota, as earlier observed l.>y 
Winche1J.2 Something of the force of the difficulty is relieved by these 
considerations, yet it remains remarkable that the loess should be so 
singularly assorted under such conditions. 

4. A long period of freedom from glaciation appears to have followed 
the epoch of the deposition of the second till and loess, involving 
extensive erosion and the lifting of the upper portion of the basin 
to the extent of 800 or 1,000 feet.. The evidence of this is found in 
the low altitude and gentle slopes which must have prevailed when 
the loess was deposited along the great streams from Nebraska to In-

1 fourth Agricultural Report and Census, Kansas, 1875, p. 109. 
• Geological and Natural History Survey of Minnesota. Sixth Annual H.eport, 1871::!, 

p. 105. 
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diana aud southward to the Gulf; and in the higher elevation which 
made it possible for the later glacial streams to flow with rapid, pebble· 
carrying currents at altitudes 700 feet below the summit of the loess. 
We believe this to have been the chief interglacial epoch. 

5. Following this interglacial epoch came the incursion of ice which 
pushed np at its edge the Kettle moraine and sent coursing down 
through tlie valleys its gravel-bearing streams, filling them and spread­
ing out broad flood plains, the groundwork of subsequent terracing. 
The agency, in this instance, we hold to he demonstrably laud jce. The 
phenomena are too sharply defined and too pronounced in character to 
admit of donut on the part of competent investigators wl10 will familiar­
ize themselves upou the ground with the precise details of all the va­
ried phenomena. \Ve believe that ali who have critically studied the 
region are convinced lleyond doubt of the glacial origin of the Kettle 
Range and the glacial occupancy of the territory lying back of it. 

!}. There closely followed this second glacial occupancy a succession of 
stages of deglaCiation and read>ancing ice. These, while they are phe­
nomena of great interest, do not enter essentially into the problem lie­
fore us. 

7. Subsequent to the cessation of the glacial flo~ds, the streams carved 
the flood plains into terraces. 

According to General Warren, Lake _Pepin, an enlargement of the 
..Mississippi River, is now 60 feet deep. It has undoubtedly lleen some­
what silted up since it came into existence, so that its bottom was once 
!ower than now. · There can be little doubt that Lake Pepin owes its 
origin to the barring up of the channel at the mouth of the Chippewa 
by the excess of sand poured in lly that tributary, as maintained lly 
General Warren. It follows that the valley must have been previously 
excavated to the vresent depth of the lake, plus the amount to which 
the latter has been filled. This has been done since the glacial retreat, 
apparently at a stage immediately antecedent to the present. 

ORIGIN OF THE DRIFTLESS REGION. 

What were the conditions that enabled tlle driftless area to-escape the 
glaciation that repeatedly intruded itself upon the surrounding country~ 
In the very fact that the glaciation of aujacent regions was repeated, we 
have an element of significance. The immunity from drift was mani­
festly not due to ~orne fortuitous condition that chanced to direct the gla­
cial incursion. The cause was a constant one, influencing each of the cpi· 
so<;Ies in which the region was threatened b.Y ice. The cause must, there· 
fore, have been a geographicallyfix~d one. In our introduction, we cited 
tlle fact that the region is not a con ,;picuous elevation, but rather the op­
posite.1 Its average altitude is less than the average altitude of an equal 
area lying north or west, while it is not notabl.Y different from that east 
and south. Its driftlessness cannot, therefore, be attributed to its own 

1 lrving, Geology of Wisconsin, 1877, Vvl. II, pp. 608-611. 
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elevation, unless that elevation were very different from the present. Th~ 
facts which we have above given seem also to withhold us from postulat· 
ing !1 special local elevation through the glacial period; for in the first 
subepoch we found evidence of a relatively lower altitude· than at present 
in the attenuatul pebbly drift aJong its western border. In the second 
subepoch we found similar evidt'nce in the loess, spread even more ex· 
tensively over .the western border. In the later epoch we found the 
glncial rivers pouring freely down from the edge of the ice across the 
driftless tract. J t seems to us, therefore, futile to seek for an explana­
tion in the altitude of the region itself. 

But if we extend our view and take into consideration tlie topography 
of the whole territory involved, the most important elements of the true 
explanation will, we think, be found. In 1877, Professor Winchell called. 
attention to the fact tlmt the driftless area lies in the lee of the elevated 
territory of Northern Wisconsin and Michigan, which, he maintained, 
acted as a wedge, forcing the ice aside and so protecting the driftless 
region in its rear. 1 In the same year Prof. Irving called attention to 
the fact that the great valleys of Lake Superior and Lake Michigan lie 
in such a relationship to the driftless area as to tend to divert the glacial 
streams to .the right and left, and this, in connection with the highlands 
lying between the lakes, turned away the ice from the driftless region.2 
Two years ·anterior, the senior writer had entertained and expressed to 
his associate, Mr. Strong, who was thPn engaged in the investigation of 
the lead region lying in the heart of the driftless district, an opinion 

·respecting the origin of the phenomenon which was closely similar to 
that of Professor Irving. In 1878 the subject was more fully discussed 
by the senior wri ter, 3 drawing forth the idea that the combined influence 
of the heights of Northern Wisconsin and Michigan in crowding aside 
the ice and of the Great Lake troughs in leading it away and prolong­
ing its divergent courses still left a troublesome residuum unexplained. 
The heights themselves are manifestly incompetent, since the ice, accor(l­
ing to the analogy of existing streams in Switzerland, should have 
wrapped around them and coalesced immediately below, as the glacier 
Telefre does around the Jardin.4 The prolongation of the basins un­
donutedly counteracted this tendency, and led the stream on the left 
southward into Illinois and on the right southwestward into Minnesota. 
But these influences combined still permitted an ice stream, even in the 
later epoch, to override the highlands south of Lake Superior, and to 
creep down the southerly slope directly toward the driftless region for 
a distance of 75 miles in the later epoch and 100 miles in the earlier. 
Here, ad vance was stayetl on the southerly slope in a plane region, with­
out any obvious obstruction or barrier of any kind: The staJing of 

1Fiftb Annual Report Geological and Natural History Survey of Minnesota, 1877 
p. 36. 

2 Geology of Wisconsin, Vol. II, 1877, pp. 608-{;11, 632-634. 
3 Annual Report Wisconsin Geological Survey, 1878, pp. 21-32. 
o~ Report Annual Wisconsin Geological Survey, 1878, p. 21. 
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this stream was attributed to the wasting influences to which its environ-
- meut subjected it. The thinning of the ice, caused by the diversion of 

the great streams through the lake troughs and by the interposition of 
the heights, led to a retarded, feeble flow and a relatively increased 
'~astage. The difference in the thickness of the ice streams that passed 
over the heights and through the adjacent valley troughs was, approx­
imately, 2,000 feet, a difference that may well have been effective. · 

Tllis estimate needs to be qualified. It involves the assumption that 
the upper surface of the ice· was essentially plane over the Superior re. 
gion and that lying immediately north. Now, if this region lay within 
the zone of glacial accumulation the probabilities are that such would 
not be the case, for the freer flowage through the valleys would tend to 
draw down the, surface above and immediately beyond them. Neves 
are concave in valleys and basins. On the other hand, if the region 
lay within the zone nf glacial wastage, the opposite was probably true; 
or the wastage of the more slowly flowing, thinner portions on heights 
would he relatively greater than that of the deeper massive valley cur­
rents, while the free flowage of the latter would supply the wastage more 
promptly by new inflows from the north .. It is a general law, illustrated 
in numerous instances in Alpine glaciers, that the ablation surf~tces 
are highest in the central·:axes of the glaciers, where the flow is freest. 

Another qualification of opposite import lies in the fact that these 
troughs do not extend indefinitely soutllward, but shallow out, and this 
shallowing must have tended to retard the freedom of onward flow. 

vVe judge that the above influences combined would have increased 
the difference in thickness between the valleys and the heights. 

But full satisfactim~ is not rendered by the hypothesis as it thus 
stands. It does not fully explain the course of the currents on the west 
side of the area. While it d'oes not seem strange that the current which 
passed through the trou'gh of Lake Michigan sl10uld have kept straight 
onward over the smooth plains of Illinois, merely deploying to the right 
and left, it is remarkable that the stream which p~ssed by on the west 
side should have had its main channel along what is now a relatively 
elevatell tract lying between the two great rivers of the region, the Mis­
souri and the Mississippi. _Why did it not follow down the Mississippi 
Valley~ 

. It seems probable that t.his strange course was due to a relative 
depression of the region occupied, evidence of which we think we 
have found (1) in the pebbly -deposits of the first glacial' stage, (2) in 
the loess of a subsequent one, and (3) in the phenomena of unequal ele­
vation of the opposite sides of the glaciers of the Jater epoch in the 
Minnesota Valley and on the plains of Iowa, tci which attention was 
directed in the Third Annual Report of the United Sta~es Geological 
Survey, 1882, pp. 390, 391. If it be true, as we ha,·e suggested, that 
the depressed condition of the plains of Nebraska and adjacent regions 
which prevailed in the Pliocene epoch had not entirety disappeared, 



DRIFTLESS AREA. 

the course of glacial movement appears less remarkable. That the 
slope of that region was less, shortly before the glacial incursion, may 
be plausibly inferred from the character of some of the valleys. The 
James River Valley of Southern Dakota is a broad, flat-bottomed 
plain, 60 miles in width, bordered on the east by a steep acclivity of 
from 600 to 800 feet and on the west by a similar but less nninter: 
rupted ascent. It bears evidence of being a valley of erosion e"ca-

. vated from the Cretaceous strata. The presumptive agent was a widely 
meandering stream, which bad approximately reached a base level 
of erosion. Such a base level seems to imply either a low elevation 
above the surface of the ·sea or a barrier along its line of outlet. In 
the absence of a known barrier the former seems to be the probable 

· cause. The valley of the Red River of the North, the Great Ree Valley, 
and others of the region, present phenomena harmonious with this in­
terpretation. On the other hand, the channels of the Mississippi River 
and its tributaries are relatively narrow and canon ·like, implying ex­
cavation under different conditions. Dr. G. M. Dawson in several 
papers presents evidence which be interprets as indicating a depressed 
condition of the Northwestern plains during the deposit of the drift. 
While we do not coincide in· all the features of his interpretation, we 
accept the evidence of relative depression as at least mea;sur~bly valid. 

If this view of the relatively low elevation of the region adjacent to 
_the old Pliocene basin is correct, the course of the glacial currents west 
of the meridian of the driftless area becomes intelligible. 

The foregoing seem to us the more immediate influences that diverted 
the glacial Ci.!rrents from the driftless area. But our view- is yet too 
narrow. There lurks beneath it the suspicion of inadequacy. A broader 
survey of the field reveals auxiliary influences. If the highlands and 
flanking valleys immediately adjacent to the unglaciated area were 
influential in directing the glacial current, highlands and valleys flank­
ing these presumably lent their aid so far as they were favorably sit­
uated. 

We assume-and will assign reasons for the assumption later-that 
the great area of dispersion lay to the distant north or northeast, giv­
ing a broad zone of waste and of neutrality in which movement was con­
trolled by conditions of topography and ablation. 

Appeal has already been made to the influence of the highlands im­
mediately north of the driftless area and to that of. the valleys of Lakes 
Superior and Michigan, which flank it: ·To the east of the Lake Michi­
gan trough lay the capacious valley of Lake Huron, flanked by Geor­
gian Bay. There is strong evidence that these valleys diverted Ute gla­
cial streams southward, in the retiring stages of glaciation at least, and 
presumably ~t all stages. This is shown both by striation and by trans­
portation. Copper, presumed to come from the Lake Superior region, 
has been found in-Eastern Michigan and even in Ohio. In the remark­
able bowlder belt of Logan, Champaign, Miami, Montgomery, and Preble 

' 
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Counties, Ohio, and Wayne and Randolph Counties, Indiana, are nu· 
merous peculiar greeniRh quartzite bow_lders not common to the general 
drift. Professor Irving has identified specimens of theae as derivati,·es 
from certain quartzites of the typical Huronian region, north of Lake 
Huron, samples in his collection being indistinguishable from the er­
ratics collected by one of us. While it is possible that both the native 
copper and these quartzite-s may have had an origin farther to the east· 
ward, these instances, taken in com1ection with a wider class· of evidence; 
leave little room for doubt that the basin of Lake Huron determined a 
southerly movement of the ice current, and thereby rendered collateral 
aid to the Michigan· basin in diverting the broad stream east of the on­
glaciated island. 

On the other hand, immediately northwest of Lake Superior, lies a 
high northeast and southwest trending highland belt, beyond which is 
a relatively low tract. Farther away is the broad depression through 
which the. Nelson and Churchill Rivers drain a large portion of the 
northwestern basin. The highest land of this region is ~aid to lie im­
mediately northwest of Lake Superior and trends southwesterly paral­
lel with it. The mer de glace, therefore, flowing southwesterly from 
the Hudson Bay region found freer passage along the more westerly 
courses, and this less obstructed flow obviously ~ided the divergence of 
the currents to the right. The broad open valleys of the Red River of 
the North and the James River, aided by the somewhat lower eleva­
tion which they probably then had, doubtlesl!! led the currents south­
ward through these freer passagew~ys, until they had reached the cen­
tral latitudes of Nebraska and Iowa. Here the southeasterly s!ope 
which seems there to have then obtained, as now, caused them to curve 
easterly around the driftless region and coalesce with the Lake Michi­
gan stream wblch had spread itself upon the plains of lllinois. 

These collateral agencies of diversion must have greatl~, relieved the 
force of the invasion which the immediate barriers of the driftless area 
encountered, and which, through this and other aid, they were enable.d 

. to successfully divert. Meanwhile the meager, unfavored stream that 
came over the highlands above the area crept slowly down the southerly 
slope and was met by the wasting winds from the iceless tract. 

The zone of waste.- In the above discussion we have taken no account 
of possible glacial accumulation as influencing the course of the ice cur­
rents. We have considered the problem as though it involved oiJ.Iy the 
area of glacial waste. In postulating so broad a zone of ablation we are 
probauly almost without support among American glacialis~s. Judging 
from the literature of the subject, the prevailing opinion has been that 
the zone of glacial accumulation extended south ward neally to the border 
of the ice, and that both the lobation and the peripheral currents were 
much affected by local accumulation. Against this view one of us bas 
heretofore contended.1 The recent observations of Baron Nordenskjold, 

1 Sixth Annual Report Geological Survey of Wisconsin,l878, pp. :!7-29. 
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oQTI the ice fields of Greenland, very strongly coitfirm our couvictions.1 

At the extreme limit of his in~ursion upon the ice field he reached a 
tract of slushy snow and water which was manifestly the. neutral bor· 
der between the zones of waste and growth, for that season at least. 
Throughout his journey, except in the last few miles, he encountered a 
surface covered with lrryokonite and pitted by superficial melting, which 
had manifestly removed not only the last season's snow but was work­
·ing its way into the more ancient ice. On the. other hand, the Laps 
who advanced into the interior beyond found unmelted snow prevail­
ing aml were driven back for want of water, indicating that they had 
reached the true neve. From these important observations, it is clear 
that here at least the neutral zone lies approximately lOO miles distant 
from the edge of the mer de glace. But it mnst he noted that here the 
glacier does not terminate upon a plain by simple subaerial waste, but 
discharges itself into the sea. If it were exteud.ed until consumed by 
melting and evaporation in situ, the zone of ablation would be consider­
ably increased. 

Besides this, it is quite certain that the breadth of the zone of waste 
must bear,a certain relationship to the area of accumulati.on. While 
this ratio undoubtedly varies through some consi.derable range, it is quite 
irrational to suppose that the area of wastage of a greater mer de glace is 
less th.an that of a smaller one under similar conditions. The width of 
the tract of waste of the Greenland glacier is many times as great as 
that of any .Alpine glacier, and we are certainly bound to recognize the 
probability that the zone of waste of the great Quaternary glaciers was 
more extensive than that of the relatively limited Greenland glacier of 
to-day. Hence we feel that we are reasoning quite wi~hin bo1;lnds when 
we assu~e that the wastage tract of the Quaternary glaciers lying adja­
cent to the driftless area was not less than 150 miles in width. If we draw 
a line from the north border of the driftless area backward that dis­
tanee it reaches well o_nt upon Lake Superior. If it be drawn eastward 
from the east side of the driftless region it· reaches beyond the center 
()fLake Michigan. If it be drawn westward from the western edge of the 
unglaciated area it reaches the Missouri watershed, or nearly half across 
the western belt of drift. Now, since there must have been a tract of 
waste on each side of this prolonged lobe, it is manifest that there could 
have been little ·or no zone of accumulation on any portion of it, unless 
the zone of waste were narrower than we have estimated. In 1878 one 
oQ[ us maintainetl that the most extreme view permissible concerning 
the prolonged glacial lobes was that a belt of accumulation lay along 
their centrai axes. 2 To permit this in the -case of the broad lobe on the 
west side of the driftless area, giving it every benefit of doubt as to its 
~-------~-

1 Natnre, November 1 and 8, 1883. Sci1mce, December 7, 1883, pp. 733-737. The 
:final computations of Baron Nordenskjold are not at band at the date of writing, and 
the accompanying estimates are based on his preliminary results, which may require 
modification. ' 

2 Sixth Annual Report Geological Survey of Wisconsin, 1878, pp; 27-29. 
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width, the zone of waste could not have been essePtially greater than 
that of the glacier of Greenland to day, as estimated from Nordenskjold's 
observations. 

We are not without other evidences of the correctness of these conclu· 
sions. In the study of one of the great lobes of ice of the second epoch, 
somewhat more than a decade ago, one of us determinell a law of di­
\ergent flow from the lobe axis, which, while in some measure perhaps 
suggested before, had never been shown to have the pronounced expres­
sion which it was then demonstrated to possess in the case of the Green 
Bay ice lobe, and which has since been fouml to be exemplified in other 
great ice lobes to such an extent as to become a reliable basis on which 
working hypotheses may be safely constructed. This divergence of flow 
obtained in the lobatiim of the ice of the ea.rlier epoch, as well as of the 
later, th'ough not so clearly demonstrated because of the· relative fee-

' bleness of the ice action and consequent meagerness of striation and 
similar demonstrative evidences. 

Now, while it appears probable that the prolongation of the glacial 
lobes and the development of the axi-radiant glacial movements· would 
be favored by snow accumulation along the crest of the lobes, yet, if this 
reached a llegree of effectiveness sufficient to furnish any notable pro­
portion of the glacial material and so to control the currents, it would 
divert to the right and left, the ice advancing from the north carrying 
with it_ the northern erratics. These would then appear along the sides 
of the lobe near where it became dill'erentiatell from the common mer de 
glace, but not in the terminal portion. The bowlders there should be 
mainly local or semi-local. But observation shows tbat the northern 
erratics have been carried along the axial belts of these lobes from 300 
to 800 miles. Indeed, these northern erratics constitute a very large 
element of the bowlders and pebbles of the extreme terminal lobes of 
drift deposited by the apices of the ice tongues. We infer, therefore, 
that the local accumulation on the crest lines of the glacial lobes l'lever 
made notable contributions to the material of the glaciers. It may have 
been sufficient to partly or wholly counteract wastage, and perhaps 
eveu slightly exceed it in their northern portions near the great mer de 
glace, but we think it could not have influenced glacial movements to 
any such exteut as to require recognition among the effective agencies 
that determined the driftless area. As we interpret the glacial move­
ments and the uistribution of erratics, they indicate that the effective 
area of glacial accumulation which controlled dispersion lay north of 
the Great Lakes, and such local accumulation as occurred south of t.bis 
was determined by the glacial lobes themselves, instead of determining 
them. 

This position we conceive to be strengthened by the fact that the 
glacial P.rolongations followed valleys and not heights. I~ocal accumu­
lation, had it been an in<iependent agency, should bave been most ef· 
fective on the highlands and not in the valleys, but the evidence is mTer-

6 GEOL-· -21 
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whelming that in the interior United States the valleys and ba~ins were 
the theaters of most active glaciation while the heights and plateaus 
were avoided. To us this is equivalent to proof that the tracts of gla­
cial occupancy were determined by the combined laws of quasi-fluidal 
movement, conditioned by topography, and of glacial wastage, condi­
tioned by climatic influ"ence. . 

Cli1!tatic influences.-We have considered th'e topographic influences 
determining the quasi-fluidal movements. It remains to inquire whether 
there were any special climatic influences that favored the wastage of 
the currents which threatened the driftless area, on the one band, and 
retarded the ablation of the prolonged streams on the other. We have 
been able to discern none inherent in the region. Neither rainfall, 
cloudiness, nor-winds are notably greater or less in this area than iQ 
the adjacent ones. The limited and imperfect observations that have 
formed the basis of the climatic charts heretofore constructed show 
local v;lriations, but these are not conterminous with the area, nor, what 
is really crucial, conterminous with the wastage area in which the threat­
ening glaciet·s 1om·e consumed. 

The law of self. perpetuation of climatic conditions was doubtless ef. 
fective. Just as there ·can be little doubt that the ice-clad regions in­
creased the snowfall upon themseh·es and tended to self-perpetuation, 
so, uoubtless, the ice-free area, by warmth, and thereforerelativedrought, 
foul-{ht back the advancing ice. At the time it was.most threatened­
when the ice seems to have cornpletely surrounded it-a special action, 
we have thought, may have come to its aid. The prevailing winds­
assumed to come from the southwest, as now -as they encountered the 
ice belt on the west and south of the area were freed of their moisture 
by the cooling effects (1) of the ice and (2) of their ascent of the west 
slope of the glacier. As they descended on the east side they reg1tined 
their capacity for moisture and were relatively dry and absorbent winds, 
and the extent. of the area may not have been sufficient to again satu· 
rate them before they impinged on the ice of the northern and eastern 
borders. 

Whatever of self-propagation and self-preservation may have arisen 
from the§e or other similar influences was manifestly secondary, and 
only became efficient after the primary causes had developed the e~sen· 
tial features of the phenomenon. They were not originating, but only 
intensifying agencies. 

Under the general conditions that determined the glaciation .of the 
interior and under the laws that control movement in the zone of gla· 
dal wastage, it seems clear that the dominating agency was topo. 
graphic. To this other influences were but auxiliaries. 

Diverted by highlands, led away by valleys, consumed by wastage · 
where weak, self-perpetuated where strong, the fingers of the mer de 
glace closed around the ancient Jardin of the Upper Mississippi Valley, 
but failed to close upon it. 
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THE' QUANTITATIVE DETERMINATION OF SILVER 
BY MEANS OF THE MICROSCOPE. 

By JOSEPH 8TORY CUR'.riS. 

'I.'HE PLATTNER SCALE. 

In Plattner's Probirkunstl a method of assaying silver ores by 
means of tbe blow-pipe is described with which most assayers are famil­
iar, although very few of them make practical use of the process. The 
only portion of this method with which the preseut paper has to deal is 
that which describes the manner of determining the weight of small 
beads of silver by measuring their volume. Harkort was the first who 
applied this method, aud Plat.tner followed his plan when pe constructed 
the scale which is explained in his work on assaying with the blow-pipe. 

The method was the following: An ore was selected which contained 
3.4.8011 per cent. of silver. This, was carefully assayed b~' means of 
the muffle and the blow-pipe. The resulting bead of silver, after the 
different assays were found to agree, was taken as a standard in con. 
structing the scale, which was made as follow!!: By means of a sharp 
engraving tool a line, A B, was drawn on a polished strip of ivory (see 
Fig. 49), and another line, a b, was drawn parallel to it. From the point 
a a line,-a c, was drawn wbich diverged from the line a b, the distance b c 
being about equal to the diameter of the bead. Parallel to the line A 
B still another line, C D, was drawn. The line A B was divided into 
fifty-two equal parts. The distance between the points d and e was 
found, when exactly measured, to be equal to the diameter of the bead. 

The following is. the formula by which the values of the different di· 
visions on the Plattner scale are calculated. Let: 

W ~weight of a given bead (in this case 3.4.8011 milligrams, 
the blow pipe assay ton being 100 milligrams). 

D = dv = diameter of the same. 
L =·ad= a,e =distance of the same from the 0 point. 
::c =weight of another bead the diameter of which is 
d=fg 

and l = af = ay =distance of this bead from the 0 point. 

I.Pfat.t.ner's Probirkunst mit uem Lothrohr, by_Theodor ,Richter, Leipzig, 1~65. 
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3.48011 ?0 
3.27 
3.07 
2•89 

2.70 
2.53 
2.37 
2.21 
2.06 
].91 
1.78 
1.65 

1.52 
1.41 

1.29 
].19 

1.09 
1.00 

0.91 
0.82 

0.75 
0.67 

0.61 
0.54 

0.48 
0.43 
0.3B 

0.33 

0.29 
0.25 
0.22 
0.19 
0.16 

0.13 
0.11 

0.09 
0.07 

0.06 
0.04 

0.03 
0.027 
0.020 

0.014 
0.009 
0.006 
0.003 
0.0017 

0.0007 
0.0002 

0.00002 

Then, W : x = D3 : d3, 

also,' D : d = L : l. 

Therefore, W: x = I,3 : l3 

WP W 
x= L3 = L:Jzs. 

W being equal to 3.48011 milligrams and L equal 
w to 50, the constant V becomes 0.00098. If, t!Jere-

. . . 
fore, the cube of the distance of any of the divisions 
of the scale from 0 or a is multiplied by the con· 
stant 0.00098 the value for that division is obtained. 

The measurement of beads of silver by placing 
them between two converging lines is attended 
with a great deal of difficulty as well as inaccu­
racy, for several reasons. In t.he first place, no 
matter how perfect t.he cupellation, there will al­
ways be more or less bone ash adhering to the 
silver beads, as can readily be seen upon examin­
ing them under the microscope. This bone ash 
often prevents the placing of the bead in the proper 

. position, namely, on the flat side, and adjusting 
on the flat side is an indispensable factor of good 
measurement, as will be shown hereafter. Again, 
pushing the bead by means of the point of a knife, 
or other instrument, up and down and from side to 
side between two converging lines until its circum­
ference is exactly tangent to both of them, is an 
operation which is not only slow and tedious, but 
one the accomplishment of which, with anything 
like speedy results, require8 more skill than most 
assayers possess. The inaccuracy of such measure­
ments is due to several causes, one uf the principal 
being the impossibility of arranging the bead ex­
actly tangent to the two converging lines, no mat­
ter how much care is taken. This is· true even 
when a magnifying glass of eor~siderable power is 
used. To obtain accurate measurements it is also 
necessary that the point of contact ·of the line and 
the circumference of the bead should be exactly in 
the focus of the glass and that the eye should be 

Fm. 49·-ThePlattnerscale. directly above this point, conditions which it is 
almost impossible to fulfill without the aid of mechanical appliances. 

Two sources of error, but of little importance as compared with some 
others, are the incorrect ruling of the scale and the inaccuracies due 
to the shrinkage and expansion of the ivory on which the scale is 
drawn. Again, a perfect bead or one approaching perfection is of 

/ 
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very rare occurrence, as an examination of a large number of beads 
under the microscope will easily demonstrate. The horizontal circum­
ference of the bead approaches au ellipse in form and has a maximum 
and a minimum diameter (axis) as well as au infinite number of interme­
diate ones. If-the longest diameter is measured, the calculated \"\"eight 
is too great; if tlle shortest one is used, it is too small. This applies 
only to very small beads, however, as even the shortest diameter of 
large ones gives a weight considerably in excess of the true weight.· 
Another source of error is the fact that even beads as small as those 
capable of being measured on the Plattner scale are not of the same 
shape. The larger the bead the flatter it is, and therefore the ratio 
of the cubes of the diameters of two beads of different sizes will not 
represent the ratio of their volume. There- is another inaccurac~·, 
namely, that due to determining by guess the distance of the tangent 
point from zero when it lies between two divisions of the scale. 

Almost all these-inaccuracies were considered by Plattner and others, 
but they were thought to be too insignificant to affect the re~mlts. This 
is true of most of them, but the error arising from difference of shape 
between large and small beads is of t_oo much importance to be neg­
lected, even on the Plattner scale. This will be examined later, how-

. ever. Richter says (page 39): ''The use of the scale has its limits." 
However, he compares the sensibility of the Plattner scale with that 
of the balance, and finds that the scale is more sensitive and more ex­
act than the balance up to 16 loth to the 110-pound centner (about 
0.45 per cent.). It will l>e s~en herflafter, however, that the limit of ex­
actness lies very much below this point on the scale. Nevertheless, it 
has been invaluable for the blow-pipe assay of silver, which was never 
supposed to be anything more than approximately accurate. 

Mr. Oarl Foehr, in a paper contributed to the Zeitscbrift fiir analyt­
ische Chemie, explains a method by which very small quantities of silver 
may. be determined. It is a combination of the ordinary. silver assay 
with the muffle and that part of the blow-pipe assay in which the bead 
is measured on-a scale. He does not say what scale be uses, but it is 
presumably the Plattner, as he describes the method of Harkort. 

THE MICROMETER MEASURINY. APPARATUS. 

While occupied in assaying the country rocks of various silver 
districts a· method occurr,ed to me, which was partially outlined in 
Chapter XI of a report on the Silver-Lead Deposits of Eureka, Nevada.1 

Since this report was written, numerous experiments have been made 
and many new manipulations adopted which render the process of meas­
uring not only simpler but more exact. 

The measuring apparatus consists of a microscope with a magnifying 
power of from 20 to 30 diameters. This is furnished with a vertical and 

1 Silver-Lead Deposits of Eureka, Nevada. By J. S. Curtis. Monographs United 
States Geological Survey, Vol. VII. 
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two horizontal cross hairs.. The term "vertical" is used here to denote 
the cross hair which runs to and from the obsen'er, and the word '' hori­
zon~al" is emploJed to distinguish the cross hairs which would remain 
in a horizontal position should the shaft of the microscope be inclined. 
These cross hairs should cross each other exactly in the focus between 
the eye-glass and theobject·glass in order to avoid parallax. The parallax 
can be almost completely prevented in another manner, namely, by the 
use of a cap over the eye-piece, which contains a narrow slot instead of 
the usual romul opening. This slot in the cap need not be wider than 
half a millimeter, though this can be regulated according to the require­
ments of convenience, &c. A useful arrangement for controlling the 
width of this slot is two slides on the top of the cap, which can be made 
to approach each other by means of a screw with a right thread at one 
end and a left thread at the other. The slot must be perpendicularly 
over the vertical cross hair, otherwise the measurements ~ill be incor­
rect. 

Refl.~cted light is usethn measuring, and it is well to state here that 
one great advantage of this method of measurement is that it is un­
necessary to remove the silver bead from the cupel, thereby saving 
time, trouble, and danger of loss. Any assayer who bas ever made 
blow-pipe assays is aware of the inconvenience attending the removal 
of very' small beads of silver from the cupel and of the difficulty of 
handling them. In fact, no matter what the skill of the manipulator 
may be, it is almost an impossibility to remove from the cupel a bead 
representing O.OOOOl per cent. of silver (when 10 grams is the quantity 
of rock taken for as~;ay), even if the cupellation has been carried on 
very cleanly;- an•l it is with such beads and even smaller, that assayers 
who are searching for silver in countr.v rocks have to deal. It is true 
that many of these rocks run as high as 0.001 per cent. (that is to say, 
O.lmilligram, 10 grams being taken for assay) and some.much hi~her; 
stiU, the beads from such rocks are often lost, and a great deal of in­
convenitince is caused thereby. The measuring apparatus which was 
used in the assays to be descril.Jed can be adjusted to any microscope 
and it is very simple in construction. Many microscopes have a simi­
lar arrangement for centering and measuring crystals. It consists of 
tw:o metallic plates, one above the other, to which a motion parallel to 
the vertical cross hair can be given as well as a motion across it. 
These two plates are fastened upon a third plate, which is attached to 
the shelf of the microscope. The accompanying diagram (natural size), 
Plate XXX, shows the arrangement and mode of movement of these 
two plates. 

The letter a designates the plate .on which the cupel is placed. This 
plate has a motion parallel to the vertical cross hair given to it by 
means of the screw s and the ratchet r, arid it moves between the side 
plates, b b. This plate a, the side pieces b b, the screw s, and the 
ratchet r all rest upon a second plate,fj~ which moves between the 
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side pieces, c c, across the vertical cross hair. T~e motion from side to 
side is given to both, the upper and lower plate by means of the mi­
crometer screw t. This screw has 100 threads to the inch, and the mi­
crometei· m is divided into 100 par·ts, so that each division of the 
micrometer represents one-ten-thousandth part of an inch. It is prefer­
able to use a micrometer divided into fractions of a millimet{'r, but when 
these experiments were made no such measuring apparatus was avail­
able. The screws e e hold the clamps ·i i, which are used to fasten the 
main plate of the micrometer to the shelf of the microscope stand. The 
following is the process of measuring: The cupel k is placed upon the 
plate a, and by means of the ratchet screw s is moved until the sih·er 
bead occupies a position midway between the two horizontal cross hairs, 
which are represented on the diagram by the lines hIt and h' h'. The 
object of hftving two horizontal cross hairs is to enable the observer to 
bring tlie bead almost exactly into the focus of the objective. This is 
necessary, otherwise the measurements will be incorrect. It would be 
possible to center the beads by means of one horizontal cross hair, but 
then this ct·oss hair would intersect the circumference of the bead just 
where it would be necessary to make the vertical cross hair taugt.>nt to 
it, and thus. render the manipulation more difficult and uncertain. 

Then, by means of the micrometer screw t, the two plates are moved 
parallel with the horizontal cro~-;s hairs until the circumft.>rence of the 
bead o becomes tangent to the vertical cross hair, which is represented 
on the diagram by the line x y. 'fhis operation .is often attended with 
considerable difficulty; owing to the nature of the surface of the sil\'er 
bead, which sometimes so reflects the light that it is not possible to 
clearly distinguh;h its edge. '£his can usually be remedied by changing 
the position of th.e reflector, but a better method is to expose the silver 
bead to a current of sulphureted 'hydrogen befot·e attempting to meas­
ure it, which causeE? it to assume a dullish-brown color. 

When the circumference of the bead is tangent to the edge of the 
cross hair, the mark on the microm{'tP.r opposite the stationary line q 
is noted (in the diagram it is at zero), and the screw is turned, care be­
ing taken to note the number of revolutions, until the vertical cross hair 
appears to be tangent to the opposite edge of the bead and occl!pies 
the position shown by the line x' y'. Every time the zero mark is pa~sed 
t.he distance is noted as a hundred, no matter what was the starting 
point, and then the figure marking the starting point is deducted from 
the number of huudretls (that is to say, revolutions of the screw), plus 
the number marking the end. Thus, tf the screw, before it was started, 
!:ltood at the 35 mark and \Vas turned ,past the ·zero mark twice•and was 
stopped at 25, the c.liameter of the bead would be 225-35=Ul0=0.0l9 
of an inch (0.482 millimeters). Of course it would be possible to set the 
micrometer at zero each time, but then it would be necessary to place 
the bead tangent to the cross hair by hand, which would be a tedious 
operation and one not attended with very exact results. In order to 
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check this measurement, the screw must now be reversed and the bead 
again made tangent to X.Y· Frequently there is a difference between 
tbese two measurmnents of one or two marks of the micrometer, and 
either an average of these two can be taken or a new trial made and 
the four results averaged. It is, however, best, when great accuracy is 
required, to measure the bead until two successive measurements agree 
within at most one division of the micrometer. 

An important constant in these measurements is the thickness of the 
cross hair. It will be noticed that the bead becomes tangent first to one 
edge of tbe cross hair then to the ot~er. This is unavoidable, as it is 
almost impossible to place the outer edge (wLich in the first instance 
would be tile left side of i: y) tangent to the circumference of the bead, 
since the circumference would be covered by a portion of the cross hair. 
Cousideral>le practiCe is needed to accustom the eye to the apparatus, 
but as far as accuracy of measurement is concerned it leaves little to be 
desired. A micrometer eye-piece on which a scale bas been engraved 
can also be used for measuring beads, but it will not be found so con- · 
venient or so exact. 

The calculation of the weight of silver beads from their diameters is 
a more difficult problem, and it has l>een necessary to make nqmerous 
experime11ts and measurements in order to determine what were the 
relations of the diameters of silver beaus to their volume. It is thought, 
bowe>er, that the ratio which has been established by these experi· 
ments is correct, or at least sufficiently accurate for any of the require­
ments of the process. It must be borne in mind that this method is only 
intended for determining tbe weight of very small beads, such as it would 
be_ next to impossible to weigh on the most delicate balances. 

MANIPULATIONS BEFORE MEASURING. 

It is not necessary to give a detailed description of the 'various manip­
ulations ni'3ed in the silver assay, as they arc so minutely explained iu 
the standard works on assaying, but some account must be given of the 
methods of obtaining silver beads which in form are approximately near 
that of a sphere. At first an attempt was made to produce_ a bead of 
that character_in an ordinary cupel, such as is used in the muftle, but" 
after repeated experill\ents this means was abandoned. 

It must l>e remembered that the quantities of silver present in the 
country rocks of mining districts are exceedingly small, rarely exceed­
ing 0.001 per cent. (0.1 milligram when-10 grams are taken for assay), 
aml that the present process has been elaborated in order to render the 
determi~ation of these mfnute quantities a simpler and more expeditious 
afl'air. It may be said that small quantities of silver in such rocks can 
be determined by taking larger quantities, say 100 grams, or by making 
a number of assays and concentrating the amounts of silver in a single 
bead, which can be easily weighed and the actual-value of tbe rock de­
termined by dividing the weight of this bead l>;y the number of times the 
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standard assay weight (in these experiments, 10 grams) is contained 
in the total weight of the rock taken for assay. But this method is 
open to several objections. In the first place the obtaining of a weigh­
able quantity of silver from rock that contains but 0.0001 per cent. i:s a 
long and tedious process, and it is just as ~mportant in tracing the source 
of tlie silver in mineral veins to determine the values of poor rocks as 
to determine the values of rich ones. Again, it is more than probable 
for several reasons that the concentration assay does not, give as accu­
rate results as a single assay carried out with great care. This is per­
haps partly because there is a relative difference in the loss by cupella­
tion between a small and a large quantity of lead. It may also be due 
in a measure to the difficulty of estimating the amount of silver obtained 
from the lea(l flux. The experiments in regard to this point have not 
yet been completed, although the results obtained so far indicate that 
there is usually a slight difference between the concentration assay and 
the single assay. Taking a large quantity of pulp, on the other band, 
for assay bas the advantage that it may give a better average of the 
rock. This is, however, insignificant, since, by puh·erizing a large quan­
tity of rock very fine and thoroughly mixing it, as good an average can 
be obtained from 10 grams as from 100. 

If lead containing a very small quantity of silver, from 0.001 to 0.1 mil­
ligram in 10 grams, is cupelled in an ordinary cnpel, the bead after it 
has brightened and cooled will be found to be either very irregular in 
form or if it is· very small it will have been absorbed in the cupel alto­
gether. This is owing to the coarse nature of the ordinary bone ash; in 
fact any bone ash, except the finest elutriated, will act in this way. An 
attempt was made to remedy this defect by using a cupel made in the 
following manner: The.mixture for the cupel, which in this instance con­

. sis ted of two parts bone ash and one part leached wood ash, was placed 
in the cupel mold and it was gently pressed into sliape with the punch, \ 
which was then removed, and a layer of fine elutriated bone ash was 
spread over the top of the cupel within a radius of about 5 millimeters 
from the center. The punch was then driven home. This process pro­
duced. a cnpel which bad excellent absorbing properties and at the Rame 
time offered a smooth surface for the bead when the moment of brighten­
ing arrived. It did not give satisfactory results, however, as it was found 
that tbe beads were still far from spherical, differences of as much as 
0.05. millimeter occurring in beads the largest diameter of wl,tich did not 
exceed 0.3 millimeter. The irregularity was principally owing to the fact 
that the cupel had absorbed so much litharge that the bead. could not 
brighten freely. Very minute quantities of silver did not disappear, 
however, as readily in the cupel. 

The next attempt was more successful. The bead was cupelled in 
an ordinary cupel, which consisted of two parts of bone ash and one 
part leached wood ashes, and when it had been reduced to the size of a 
pea it was poured into a clean cupel, which had been prepared in the -
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manner described in the preceding paragraph. The beads obtained in 
this manner were of fair form, the differenc~ between their diameters 
rarely exceeding 0.015 millimeter; but still Yery minute quantities of 
sih·er would disappear in the cupel, leaving only a dark stain to mark 
their presence. The process of pouring from one cupel to another in. the 
nmffte was also an inconvenient one, and unless great care was taken a 
globule of lead would be found remaining in the discarded cupel. For 
oruinar_y purposes this method answers tolerably well, but it is not to 
be recommended when the greatest possible exactness is required. 

In connection with cupellation it is well to describe here two rna· 
nipulations which are of very considerable assistance. Most assa.rers 
haye_ no doubt noticed t,bat, no matter how carefully the lead regulus 
is freed from slag by hammering on the anvil, a Ct'rtain amount of slag 
will always be found 'surrounding the silver bead after the cupellation­
is fiflished. This is of very little importance when the bead is a large 
one, but when it is a, small one this slag materially interferes with the 
spherical form of the bead, thereby rendering its measurement unre­
liable. This collection of slag around the bead can be prevented io the 
following manuer: 

The cube of leail is cut into two pieces before it is placed in the cupel, 
anu when ·it- is introduced into .the muffle care is taken to plafle the 
fresh, clean surface of the regulus upon the bottom of the cupel. Iu 
this way, wben the lead melts, tbe slag will float on the molten metal and 
eventually form a ring around the edge of the cupel, leaving the silver 
beau entirely free. 

Another convenience is the use of a glass tube to blow out or clean 
tbe cupels just before the lead is introduced. The tube should be about 
two feet long and slightly bent at the end which is introduced into the 
muffle. In this manher any dust can at once be rernO\'ed from the cu­
pds, thereby obviating the necessity of removing each one separately 
from the mnftle. 

Mr. Foehr, to whom reference bas already been made, says that the 
final cupellation can be made before the blow-pipe .. Although at tlw 
time (1878) when I was first obliged to make use of the Plattner scale 
to measure beads from the ordinary :lire assay, no balance being avail­
able, I was not acquainted with Mr. Foehr'B method, yet it oecurreu to 
me that it might be possible to obtain more perfect beads by means of 
the blow·pipe than by the muffle alone. Experiments were there(ore 
made during the winter of 1884-'85 which· proved highly satisfactory. 
The method adopted was the following: 

The lead was eupelled in ordinary cnpels in tlu:i muffie until it was 
re1luced to a globule about the size of a pea. The eupel was tlten re­
mo,·ed, the heat retained in it being sufficient to con.tiuue the operation 

- fur some little time, until upon cooling the lead bead was about the 
size of a No. '7 shot. 'fhis lead bead was then exposed to the blow-pipe 
for final cnpellation, in tbe manner uescribell in Plattner's Assaying. 
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It was found, however, that this operation was unnecessarily tedious. 
A mechanical blow-pipe was substituted and the method now to be de­
scribed was a!fopted. 

After the cupels bad cooled the lead beads were removed from them by 
means of small pliers and carefully cleaned on a polished steel anvil. 
The cupels used were made of ,·ery fine elutriateu bone ash aml con­
sisted of plain iron rings about25 millimeters in diameter, with a heigilt 
of 4 millimeters, in which the bone ash was stamped with tile ordinary 
steel cupel punch. The rings were made by cutting oft' sections of gas­
pipe of the required size and by turning the inside surfaces true in the 
lathe afterward~;. A large number were made at one time, so that it 
wouiJ. not l>e uecessary to interrupt the process to make fresh cupel~;. 

The boldet· iu which the cnpels were placed was similar to the Plattuer 
holder, except that the upper portion coul<l be turned freely in a socket 
at tlw lower end of the handle. As tile mechauicttl l>low-pipc left both 
hands free the holder could IJe manipulated in tllis way with great con . 
venience anti accuracy. Fig. 50 represents tile mecbanicall>lo w-pipe and 

F IG. 50 -Cupelling appnratu•. 

the holder containing the cupel. This blow-pipe was composed of a sim­
ple gas jet, the blast being delivered through a tube in the center. The 
ulast was furnished b~- a Richards :filter pump, and the amounts of air and 
gas were regulated by separate stop-cocks. No difficulty was experienced 
in producing an even j et of flame of the proper intensity, which was con­
trolled with ease. The lower portion of the cupel stand was held steadily 

6 GEOL--22 
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in the left hand, while the right was used to turn the upper portion as the 
process of cupellation required. After the beads of lead had all been cu­
pelled the silver beads were examined under the microscope, and if they 
were found not to be sufficiently round they were again melted before the 
blow-pipe, at the point of the tlame. This mode of cupellation had great 
advantages, as it enabled the observer to clearly inspect the bead at the 
moment it brightened, a condition which is indispensable when the 
quantities of silver are so minute; and, not requiring such practiced 
skill as the method with the ordinary blow-pipe, the operation could be 
performed with less danger and smaller loss. This (inal cupellation 
must be conducted with great care, however, for any overheating of the 
alloy of lead and silver ia attended with loss, as silver is very percepti­
bly volatile at high temperatures. A bead which has been overheated 
is surrounded by minute globules of silver which have been volatilized 
and deposited on the cupel, as can readily be seen under the microscope. 

Although over three hundred assays were made in carr.ving out these 
experiments only those which were made by this last method will be 
referred to here. Many of the phenomena disclosed by the results of 
tlJC assays cited were foreshadowed by the previous work, but as that 
work can only be regarded as preliminary and experimental it has not 
been relied 011 in making the ded~ctions which follow. 

At first in preparing silver beads for measurement an ore was selected 
which containetl 1.0725 per cent.· (311.80 ounces to the ton of 2,000 
pounds). ,As this was too rich; it was diluted with a fmfficient quantity 
of cllalk to reduce its value ~o 0.1 per cent. (29.16 ounces to the ton of 
2,000 pounds). It was found, however, that this would not answer, 
for, although the or~. was ·passed thr.ough a screen with 100 meshes to 
the linear inch and was mixed with the chalk as thoroughly as possible, 
the mixture was not so homogeneous as the delicacy of the experiments 
required. Next an alloy of lead and silver was made which contained 
about the proper proportion of lead and silver. The value in silver 
was determined by repeated assays, the lead· being carefully weighed. 
It was observed, nevertheless, that different pieces of this leau having 
the same weight differed perceptibly in their silver contents. Again, 
granulated lead was used, but it "t~S found that it did not answer, as the 
three kinds which were experimented with contained metallic irou,a por­
tion of whi(!h remained ·;,Yith the silver after it was cupelled, thereby ren­
dering the bead very irregular in form. This would naturally be of little 
importance in ordinary assays, but when the quantity of silver was so 
small as in this case it materially interfered with the results. . 

Next very small cllips were cut from ordinary rolled lead and thor­
oughly mixed together. A given quantity was accurately weighed and 
introduced into the hot eupel by means of a small scoop, care being 
taken to see that all the particles melted thoroughly together and did 
not remain adhering to the sides of the cupel. This methotl of prepar­
ing beads supposed to represent a certain value was found to be the 
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best, though to some extent it is open to tile same objection as the 
others. 

The beads the measurements of which are given in the foil owing table 
were prepared in this manner from sheet-lead which contained 0.00()05 
per cent. of sih'er (1.764543 onnces to the ton of 2;000 pounds or O.u05 
milligram in 10 grams). The value of this lead was determine<! u~' t!Je 
average of several assays of 50 grams each, the difference in weight be­
tween any two of the resulting beads not exceeding 0.05 milligram. 
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2. 2 8 161 o. 4080 0. 3761 0. 3025 0. 8042 o. 8038 

1\ 147 0. 3733 0. 2861 0. 2420 0. 8458 o. 8361 

1 This column represents the weight of the lead taken to form the bead. 
>Tho m1m her of the assay in the set. 

0. ;;o~ 

0. 235 

3 Tho long diameter of the beat! in tlivisions of the micrometer after deductiug tho width of the cross· 
hair. The micrometer screw has 100 threads to the inch ant! tho head of tho screw is dividetl into 100 
parts, so that one diYision of t.he bead or tho screw represents 0. UOOl of an inch. Tho wi<lth of the 
Cl'<>ds-hair is about 0.0002 of an inch (O.OOcOS millimeter). 

4 The short diameter of the bead in divisions of tho micrometer. 
5 These are the differences between the two diameter; of the same bead. 

6 This is the average difference of the diameters of the eight bca11s determined by dividing the sum 
of tho differences by 8 . 

. 7 The extreme difference is t\;le difference between the smallest diameter of tho smallest head aud 
tho largest diameter of the largest bead. 

8 Tho.average of all the diameters of all the beads is obtained by arMing all tho 1liamcters of tbo beads 
together and dividing by 16, the total number of tho diameters. It is expressotl in divisions of tho 
wh;romcter: · 

9 This is the same average expressed in fractions of a millimeter. 
10 The weight of the bead calculated by the formula to be explained hereafter. 
11 Tho estimated weight is the weight which a bead shouhl havo which was derived froin tho amount 

of lead cupellc!L This lead contttined 0.605 milligram in 10 grams or 0.00605 per cent. 
12 The ratio of the estimatctl or snpposml weight to the calculated weight is obtainml by divilling 

the estimated weight by the calculated weight. 
13 The correcte1l ratio of the estimated weight to the calculated weight is obtaiu01l from the formul<> 

.Z=arn-1, which is explained hereafter. 
"This is.tbe weight of the beads calculated by the formula used in coiUputing the tables. 
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Record of assays.,- Continued. 
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METHOD OF CALCULA'fiON. 

It .will be noticed that the diameters of the beads recorded in the 
third and fourth columns of the foregoing "record of assays" do not 
show a regular decrease exactly proportional to the amount of lead taken 
for cupellation. This is owing to several causes, in a slight degree to in­
accuracies Of measurement, but principally to small variations in the 
amount of silver contained in the lead and to the difficulty of obtain­
ing beads of exactly tlw same shape. One bead may weigh the same 
as another, but may have larger o~ smaller diameters, according as 
it approaches an oblate or a spherical form. It must be remembered, 
however, that the differences which are brought so prominently in view 
in the t~blc of records are but slight in reality, when the comparative 
delicacy of the measuring apparatus is taken into account. It is true 
that in extreme cases, an example of which is given in assay No. 4 of 
5 grams, the difference in weight, calculated from the maximum and 
minimum diameters, amounts to 0.035 milligram. •But the fact must not 
be lost sight of that neither one of these two diameters can be the true 
one, and, although their average is not always exactly what would have 
been tbe true diameter bad the bead been spherical, yet this average is 
much nearer the true one tllan either of the extremes. Also, as the 
diameter decreases, the· error of weight decreases more rapidly, altllough 
it forms a greater percentage of the actual weight. For instance, a 
difference in diameter of 5 divisions of the micrometer (0.012 millimeter) 
between 161 divisions and 156 divisions (corresponding to 0.302 milli­
gi·am and 0.277 milligram, respectively) would give a difference in 
weight of 0.025 milligram, or less than 9 per cent. of the larger number; 
but a difference of 5 between 40 divisions and 45 divisions would give 
a difference in weight of 0.0022 milligram, or about 28 per cent. So it 
will be seen that the error in weight decreases with the diameter, 
although its ratio to the actual weight increases. In making these 
assays any bead was rejected which had a difference between its diam­
eters of more than 5 divisions of the micrometer (0.012.millimeter). 

It might be possible to calculate what shape a cooling bead of silver 
would assume and to determine what ratio the weight bore to the 
change in form;· but before such a calculation could be made it would 
be necessary to determine the value of several constants, such as de­
scribe the effect of the capillary attraction of the bone ash of the cupel 
Ol' of the litharge for melted silver, and the contraction of silver at the 
moment of cooling. A calculation based, therefore, entirely on the theo­
retical form of the bead would be attended with almost insurmountable 
obstacles. 

The object of making the series of assays recorded in the foregoing 
tahles was to establish, if possible, the ratio of the diameters of heads 
to their weight .. · For this purpose the average diameter of all tbe heads 
of a series was assumed to be the correct diameter for that series. 
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As a matter of fact the true diameter approaches the smaller rather 
than the larger diameter. The normal density of pure silver was taken · 
as the density of the silver head. The actual density of silver beads 
must be very close to that of pure silver, for it cou}(l not be materially 
changed by the small amount of lead retained by the silver or by the 
bone ash from the cnpel which might a<;lhere tothe bead. 

Let 
10.505 be taken as the density of silver; 
D = the diameter of a given globule of silver in· millimeters; 

W =its weight; 
d =diameter of any other globule of silver in mi!Jimeters; 
x = its· weight; 

Then 

Now, if D = 1, then 
Wil3 W · 

X =. D3 = D3' d3= 5.5005 X d3 

In the foregoing table the calculated weights were obtained by this 
formula. 

By dividing the estimated weight by the calculated weight a ratio is 
obtained which bears a certain relation to the shape of the bead. From 
the ratios given in the table it is evident that there is a definite relation 
between the diameter of the bead and these ratios, and although these 
ratios vary considerably among themselves they show in general a de­
cided increase as the diameters d~crease. Here again it might be pos­
sible-to calculate a value for this ratio based on more exact and co·m­
plicated I'nathematical principles than those which have been employed, 
but it must be remembered that the value of the ratio, as far as it affects 
the result, is so small that a simple method of arranging the differences 
or inequalities is preferable to one more complicated, especially as it is 
not intended to make this a mathematical paper. For the correction of 
these ratios a simple geometrical progression has been adopted, in which 
these ratios become the terms ·of the progression. · The first term is 
represented by the fraction 0.9758 = a (the ratio of the 0.1 milligram· 
series of assays) and the last term by 0.8042 = l (the ratio of the 5-gram 
series of assays)·, the number of terms = n being 50. In the first of 
these series of assays, where from 0.1 gram to 1 gram of lead were taken 
for assay~ there would be 10 terms, but in the next of these series, from 1 
gram to 5 grams, there would be 40, of which only the tenth term bad' 
been determinell. · 

Let ~· = the ratio of the geometrical progression; then 

r. = n-lJI = n-1 }0.8042 = 0.99605 
a V0.1:.175ti 

The figures iu the column "corrected ratio of estimated ·weight to cal­
culated weiJht" were obtained by using this .figurcl (0.99605) as t!Je 
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geometrical ratio of the progression iu wl1ich tLe first term was 0.0758, 
the last term 0.8042, and the uumber of terms 50. 

Ric!Jtcr says (page 37) t!Jat if the diametct' of a sphere (globule) of 
silver was accumtely dcterminetl and a scale calculated from that aud the 
specific gravity of chemically pure silver, the weight of heads measure1l 
on it would need elaborate corrections and in the entl would scarcely 
agree with the weights determined on a large scale (that is to say, tak­
ing l:uger quantities of the substance to be assased). In ot lH'r words, 
the.spccific gravity of clwmically pure ~ilvcr is not the specific gravity 
of tlte silver bead, and a calculation based upon tlte supposition that 
the beads are perfect spheres would not give the weight with any ex-
actness. · · 

As has already bet>n stated, the slight difference that there may be 
between the density of chemically pure silver aiHl tllat of siln•r beads 
can have scarcely a noticeable effect upon the c.llculation. Moreover, 
Plattner's scale itself_lws an important error connected with it-, aml th:1t 
is that even very small beads of silver become more and more spherical 
as they diminish in size, as can easily be seen on a reference to tile 
foregoing table; ami the Plattner scale,tllerefore, being calibrated from 
a bea<l about a millimeter in diameter, gives too low weights from tile 
fiJtietlt dh·ision down. 

A close examination of the foregoing tables shows that the fignres in 
the column "corrected ratio of estimated weight to calculated weight" 
correspond very nearly, especially in the assa.ys from 5 grams to 2 
grams, with those in the column" ratio of estimated weight to calculated 
weight" obtained from each set of assays. The ratios do not corre· 
spond in all tile sets of assays, as, no matter how much care was taken in 
making beads which were intended to represent a certain value, in­
equalities in the amount of silver contained in the lead and irregularities 
dnc to slight inaccuracies in the process of cnpellation would more or 
1.-ss aftect the results. This was more particularly the case when small 
quantities· of lead were taken to produce the bead. For this n·ason it 
was deemed best in calculating a formula for the computation of tables 
to put more reliance in tlte results obtai11ed from large quantities of lead 
than· in those obtained from small quantities. 

Tile tables wllich accompany this paper were calculated by the fol­
lowing formula: 

Let 10.505 be taken as the density of silver beads; then, as lwfmc 
(page 343), 

X = ri:· d3 = 5.5005 X d3 

But this result is too large by a quantity which increases as the size 
of the beads increases. 

Let 0.804=l.be tlw ratio of the real weight to the calculated weight 
for a bead which has a diameter <'qual to lGl divisions of the microm­
eter (0.4089 milliuieter), aiHl 0.9DD=ct be tlle ratio of the real weigl1t 
to the calcnlate1l weight of a bead tllc dinmeter of which is equal to 1 



()UitTJA.] DETERMINATION OF SILVER IN COUNTRY ROCKS. 345 

tlh·ision of the micrometer (0.0025399 millimeter), such a bead hdug 
practically a sphere. Let n = the n iun ber of terms = 1 Gl, :uul ·1· = the 
g-eometriea1 ratio; t ben 

?" = n-'.J"-= 0.99864 . a 

Let p=the ratio of the real weight to the calculated weigllt of auy 
beau and x1=the real weight; then 

w x'=n;. d3 P 

p, however, is equal to ar•-' (where n represe11ts tlJe number of the 
division of the micrometer or the term which is to be t1eterminel1); there­
fore, 

X=~- d3ar•-' = 5.500.:") X 0.!)[1!) X 0.9986t•-t = 5.495 X 0.99861,;_, X rl3 

. TilE DETERMINA'l'ION OF SMALL QUANTITIES OF SILVER IN COUNTRY 

ROCKS. 

It bas been stated before tbat the method just described is only ap­
I•licable to the determination of the weights of very small beads. It is 
nevertheless possible to extend the usefulness of this mode of assaying 
to a very considerable extent. If, for example, it is desirell to determine 
the amount of silver in a rock of consi<lerablc richness (say, 0.02 per 
cent .. and upwards), it is only necessary to take such a fraction of 10 
grams (tlw standard weight llere adopted for assay) as would produce 
a silver bead of a size which would 110t exceetl tllC limits within which 
the formula is calculated. Of course any error in measurement or in 
any otller manipulation would be increased as many fold as the weight 
taken for assay was contained in 10 grams·; butitmust beremembere1l 
that the errors arising from incorrect measurement of beads increase 
in a ratio nearly proportional to the cubes of the diameters, and there· 
fore a small difference in the measurement of a large her.d would affect 
the results in a. much greater degree than snell a difference in a small 
one. For insta.nce, an overrneasurement of 2 divisions of the microm­
eter (0.00508 millimeter) in. a bead ·the true diameter of which was 50 
divisions of the micrometer (0.127 millimeter) would give an error of 
O.OOl:l milligram, but an overmeasurement of 2 divisious of the microm· 
eter (0.00508 millimeter) in a bead the true diameter of which wa.s 150 
divisions of the micrometer (0.381 millimeter) wonltl cause an error of 
0.01 milligram or about 7.6 times as much. 

The quantity of silver contained in the lead used as a flux in assay­
ing poor country rocks, no matter in what combination the lead ma~' 
ue, has a very marked influence upon the results obtained. · In the re­
port on tllc Silver-Lead Deposits of Eureka, Nevada, attention was 
callell to the importance of using a flux containing a minimum of silver .. 
TIJis becomes imperative when the sil\'er beads are 'to be measured. 
Suppose it be requiretl to determine tue value of a rock containing· 
0.000059 per cent. of silver (O.Oti ounce to the -ton of 2,000 pounds). ,. 
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If tlie flux used contained silver representing 0.00056 per cent. (0.16 
ounce to the ton of 2,000 pounds), it would be impossible to put any rc· 
liance in the results, for several reasons. In the first place it would be 
impossible to determine within 0.000059 per cent. (0.017 ounce to the 
ton of 2,000 pounds) the amount of silver which would be reduced with 
the litharge and which would increase the size of the silver bead. This 
will be seen if reference is made to the third one of the following tables, 
which shows that the amount of silver reduced with the litharge is not 
a constant quantity, and, when the silver in the litharge is much iu ex­
cess of that in the rock. the value of which is to be determined, the re­
sults are very uncertain. Again, if there were 0.000059 per cent. of sil­
ver (0.017 ounce to the ton of 2,000 pounds) in the rock and 0.00056 per 
cent. of silver (0.16 ounce to the ton of 2,000 pounus) in the litharge, 
the bead resulting from the assay would weigh 0.0609 milligram and 
would represent 0.0000609 per cent. (0.177 ounce to the ton of 2,000 
poul1ds). If an overmeasurement of 2 divisions of the micrometer 
(0.00508 millimeter) of such a bead is made, the resulting error amounts 
to 0.0039 milligram, or 0.000039 per cent., or over one-half as much as 
the amount of silver which is contained in the rock; whereas an error 
in measurement of 2 divisions of the micrometer (0.00508 millimeter) 
in a bead the diameter of which was equal to 41 divisions of the microm­
eter (0.104 millimeter), which would be tlle diameter of a bead repre­
senting 0.000059 per cent. (0.017 ounce to the ton of 2,000 pounds), would 
make only an error of 0.000008 per cent. (0.0023 ounce to t.he ton of 
2,000 pounds). 

In order to determine the amount of lead which different quantities of 
argol or of charcoal would reduce, numerous experiments were made, and 
it was invariably found that the greater the quantity of argol which 
was used with a given quantity of litharge the less would be the amount 
of lead wllich was reduced in proportion to the argol. This was also 
the case when argol was used as a reducing agent. The following tables 
explain themselves: 

Reduction of litharge by argol. 

Weight of Weight of Weight Ratio of 
No. of retluccd reduced lead litharge. argo!. leall. to argo!. 

-- -

Grams. Grams. Grams. 

1 100 1 11.97 11.97; 1 

2 100 2 21.04 10.52; 1 

3 100 3 30.72 10.24 : 1 
4 100 4 39. 14 9. 78: 1 

5 100 5 50.09 10. 01 : 1 

G lOU 6 57.82 9.63: 1 

~I 100 7 65. 4!i 9. 35; 1 

100 8 73.51 9.18: 1 

---
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Recluction of litharge by charcoal. 
---

Weight of Weight of Wuight Ratio of 
No. of reduced reducelllead 

lit.hargc~ charcoal. lead. to charcoal. 

G1·ams. G1•ams. Grams. 

1 100 0. 5 . 14.85 29.70: 1 

2 100 1 25.90 25.·90: 1 

3- 100 2 I 52.75 26.37: 1 

4 100 3 

I 
71.50 23.83: 1 

r. 100 4 90.00 22.50:1 

It will be noticed that in two cases, No. 5 in the first table and No.3 
in the second, there is not a decrease in the ratio, aml also that. the 
general decrease in these ratios is not a regular one. This is owiug to 
the difficulty of making all the tests under exactly the same conditions. 
Although four different trials were made and every precaution was 
taken to render the resl'llts exact, such as finely pulverizing both ·the 
argol and the litharge and thoroughly mixing them, there was always 
some one of the series that made an exception to.the rule. 'fhe experi­
ments were made in crucibles of the same size in a gas furnace, and in 
each case the litharge was melted for the same length of time, w:ith the 
same heat, and as nearly as possible under the same circumstances. 
The results, however, established the (lecrease of the ratio. 

The amount of silver reduced from the litharge is not proportional to 
the amount of lead reduced, as· can be seen from the following table. 
The larger part of the silver is reduced with the first lead, but this 
quantity increases somewhat with the amount of argol and the length 
of time during which the litharge is retained in a melted state. 'fhese 
facts are interesting to assayers, but they are only of practical value in 
showing the futility of using a flux which contains appreciable quanti­
ties of silver. 

Reduction of silcer au.d litharge by a1'gol. 

Weight Ratio of Ounces silo 

No. Weight of Weight of ofrerlnced reduced lead Per cent. of vcr to the 
litharge. argo]. lead. to argo!. ·silver. tonof2,000 

pounds. 

G1·ams. G1·ams. G1·ams. . 

1 100 1 11.71 11.71:1 0.00054 o. 1f>9. 

2 100 2 22.41 ll.20:1 ·0.00051 0.149 

3 100 3 32;01 10.67: 1 0.00056 0.164 
4 100 4 42.4G 10. G1 : 1 0.000()8 0.170 
(j 100 r. &2.GD 10. ()3 : 1 0.000G5 0.192 

G 100 6 G3. lil 10. GO: 1 O.OOOG7 0. 198 

7 100 7 n3t 10.a3: 1 0.00072 0.210 

8 100 8 81.00 10.12: 1 0.00078 0.230 
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It bas been mentioned that if metallic iron is present either in the 
country rock to be assayed or in the fluxes used a portion of tlJis iron 
is retained by the silver bead. The iron seems to be allosetl witll the 
silver in the bead, as those beaus which were found to contain much 
iron lmd a different color and reflectiou from those which showed little 
or no reaction for iron. Usually, also, their form was more irregular.­
The presence of iron was detected by dissolving the bead in a drop of 
nitric acid in a watch glass, by evaporating slightly to drive oft' the ex· 
cess of nitric acid, and by atlding a drop of sulphocyanide of potassium. 
If iron was present a blood-red color appeared. · It is only very small 
beads (less than 0.15 millimeter in diameter) wllich seeiJl to be materially 
affected by the iron, though possibly all silver beads obtained in the 
ordinary process of assaying contain some iron. The presence of the 
iron is due to the use of iron mortars or other apparatus made of iron 
in cruslliug the rock or flux. The iron is uecessaril,y in a very finely 
divided state, and !luring the process of melting the assay a small quan· 
tity of it is absorbed by the reduced litharge. While the bead is being 
cupelled much of this iron is carried off by the oxide oflead, but enough 
remains to seriously affect the results if tl.tc silver beads are very small. 
It is advisable, tuerefore, to use a hard flat rock, such as the Mexican 
miners crush t.heir samples on, with a smaller one as a muller in grind· 
ing the substance to be assayed. 

In general the following precautions will be found necessary in ob­
taining reliable results: The fluxes should be free from silver autl me· 
tallic iron; the assay should be melted for a considerable time (not less 
than tl.tree-quarters of an hour when 10 grams are taken for assay) and 
at a high temperature; the cnpellation should be finished before the 
blow-pipe in cupels made of the finest elutriated bone ash, care being 
taken not to have the heat too high ; and, finally, the beads should be 
measured with the greatest possible accuracy. If the lJeads are not 
approximately round the.v should be discarded and other assays made; 
in fact, when it is important to determine small differences in the value 
of rocks with gt·eat accuracy, it is well to make duplicate assa.ys. 

'I'ABLE OF ASSAYS. 

Tlie following table shows in milligram the weights of silver beads 
which have a diameter ranging from 1 to Hll divisions of the microm· 
etcr (0.00254 millimeter to 0.409 millimeter), 1 division of the micrometer 
being equal to 0.0001 of an inch; also, the percentage, the fractions of a 
troy ounce to the ton of 2,000 pounds, and the fractions of a dollar to 
the ton of 2,000 pounds ·which those beads rPpr<'sent when 10 grams of 
the substance are taken tor assay: 
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Table showing weights of silrcr beacls, nmnber of troy ounces to tlte ton, ,f·c., ·used in assays. 

" £:5 "'"' :5!...: -"0 0 .-o 

-ct ~~ ~·-,; 
~ 

0 
"'a "' ~ 

"o -c......iJ §o " .. §s4 o., 
:~.5 . § eo "' :; " :01 " ~~a .!:: a ~ '" 

_,, 
~ "' .... 0 Q 0 0 

A p.. '"'..,.,. A ..... ::;.. 

1 0. 002 51 0. 000 000 090 o. coo 000 000 90 0. 000 000 263 0. 000 000 34 
2 • 005 08 • 000 000 719 . 000 000 007 19 . 000 002 10 . 000 002 71 

• 007 62 . 000 002 42 . 000 000 024 2 . 000 007 07 . 000 0119 H 
4 .010 2 . 000 005 74 . ouo 000 057 4 . 000 016 7 .000ll'Al6 
5 . 012 7 . 000 011 2 • 000 000 112 • 000 032 6 . 000 N2 2 
6 . 015 2 • 000 019 3 • ~00 000 193 . ooo 056 a . 000 07~ 8 

.017 8 . 000 030 6 . 000 000 306 . 000 089 3 . 000 ll6 
8 .020 3 . 000 ·045 7 • 000 000 457 . 000 133 . OlO 172 

9 • 022 9 ,(000619 . 000 000 619 . 000·189 . 000 215 
10 • 025 4 . 000 088 9 . 000 000 889 . 000 259 • 000 335 

11 . 027 9 . (00 118 . 000 001 18 . 000 315 . 000 445 
12 . 030 5 . 000 !53 . 000 001' 53 • 000 447 . 000 57<! 
13 . 033 0 . 000 195 • ooo 001 95 • 000 MS . 000 734 
14 • 035 6 . 000 243 . ooo 1)02 43 . 000 708 . 000 915 
15 . 038 1 • 0~0 298 . ooo 002 98 • 000 870 • 001 12 
16 . 040 6 . 000 361 . 000 003 61 • 001 05 . 001 36 
17 • 043 2 . 000 433 • 000 004 33 '001 26 . 001 63 
18 . 015 7 • ooo 513 • 000 005 13 . 001 50 . 001 93 
19 • 048 3 . 000 603 . 000 006 03 . 001 76 • 002 27 
20 .030 8 . 000 ·702 • 000·007 02 • 002 05 . 002 65 

21 . 053 3 . 000 811 • 000 008 ll . 002 37 . 003 06 
22 • 055 9 . ooo 932 • 000 009 32 • 002 72 . 003 51 
23 • 058 4 . 001 06 .0010106 • 003 10 • 004 01 
24 • 061 0 ·. 001 21 ,()00 012 1 . 003 52 • 004 55 
25 . 063 5 . 001'36 . 000 013 6 . 003 97 . 005 13 
26 • 066 0 .001 53· . 000 015 3 . 00146 . 005 77 
27 • 068 6 • 001 71 • 000 ·017 1 . 00! 99 • 006 45 
28 • 071 1 • 001 91. • 000 019 1 . 005 56 • 007 18 
29 .073 7 • 002 11 . 000 021 1 • 006 ·i7 . 007 97 
30 . 076 2 . 002 34 . 000 023 4 . 006 82 • 008 81 

31 . 078 7 • 002 58 . 0. 0 025 8 . 007 51 . 009. 71 
32 • 081 3 . 002 83 . 000 028 3 • 008 25 . 010 7 
33 . 083 8 . 003 10 . 000 031 0 .00901 . . 011 7 
34 . 086 4 • 003 38 . uoo 033 8 • 009 87 . 012 8 
35 . 088 9 . 003 69 . 000 036 0 . 010 8 . 013 9 
36 . 091 4 • 004 01 • 000 040 1 • 011 7 • 015 1 
37 '091 0 • 004 34 . 000 043 4 • n12 7 . 016 4 
38 . 096 5 . 004 70 . 000 047 0 .013 7 . 017 7 
39 . 099 1 . 005 07 • 000 050 7 . 014 8 . 019 1 
40 • 102 . oo5 46 • 000 054 6 . 015 9 .020 6 

41 • 104 . 005 88 . 000 058 8 . 017 1 . 022 2 
42 I . 107 . . 006 31 . 000 063 1 . 018 4 . 023 8 ' 
43 I .109 . 006 76 • 000 067 lj . 019 7 . 025 5 
4-1 • 112 . 007 23 .ooo on 3 . 021 1 . 0~7 3 
45 .114 • 007 73 . 000 077 3 . 022 5 • 029 1 
46 .117 .008 21 . 000 082 4 . 030 3 • 0311 
47 .119 . 008 78 . 000 087 8 . 025 6 . 033 1 
48 )?? 

l.oo9a4 . 000 093 4 • 027 2 • 033 2 
49 . 124 . 009 92 . 000 099 2 . 028 9 • 037 4 
50 .'127 . 010 5 • 000 105 • 030.. i . 039 7 
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T(tble showi·ng wdghts of silver beads, Jc.-Continued. 
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51 0.130 0. 0!1 2 o. 000 112 0. 032 5 0. 042 l 

52 .132 . 011 8 . 000 118 • 034 5 . 044 5 

53 .135 . 012 5 • 000 125 .036 4 ' • 047 1 

54 ,137 . 013 2 • 000 132 . 038 5 . 049 7 
55 .140 . 013 9 . 000 139 .0106 . 052 5 

56 .142 • 014 7 • 000 147 .042 8 • 055 3 

57 • 145 . 015 5 • 000 155 .045 1 . 058 3 

58 .H7 . 016 3 . 000 163 ,047 4 . 061 3 
{;9 .150 • 017 1 • 000 171. . 049 8 . 064 4 

60 .152 . 017 9 • 000 179 .052 4 . 067 7 

61 .155 . 018 8 . 000 188 .054 9 • 071 0 

62 .157 .ow 8 • 000 108 .057 6 . 074 5 

63 .160 . 020 7 . 000 207 .060 4 • 078 0 
64 .163 . 021 7 . 000 217 . 063 2 .Q81 7 

65 .165 . 022 7 . 000 227 • 066 1 .085 5 

66 .168 • 023 7 . 000 237 .069 1 • 089 4 

67 .170 . 024 8 . 000 248 . 072 2 . 093 4 

68 .173 • 025 8 . 000 258 .075 4 • 097 5 

69 .175 • 027 0 . 000 270 .078 7 .102 

70 .178 • 0~8 1 • 000 281 .082 0 . ;ou 

71 • 180 • 029 3 . 000 293 .085 5 .110 
72 .183 . 030 5 • 000 305 . 089 0 .115 

73 .185 . 031 8 • 000 318 • 092 6 .120 

74 .188 • 033 0 • 000 330 .096.4 .125 

75 .190 . 034 4 . 000 344 .100 .130 

76 .193 • 035 7 . 000 357 .104 .135 

77 . 196 . 037 1 • 000 371 .108 .140 

78 .198 . 038 5 . 000 385 ,112 .145 

79 • ~01 . 039 9 . 000 399 .116 .15L 

so . 203 • 011 4 . 000 414 .121 .156 

81 . 206 • 042 9 . 000 429 .125' .162 

82 • 208 . 044 5 • 000 445 .130 .168 

83 . ~11 • OJ6 I • 000 461 .134 .174 

84 . 213 • 047 7 • 000 477 .139 . 180 

85 . 210 . 049 3 . 000 493 .114 • 186 

86 • 218 • 051 0 • 000 510 .149 • 192 

87 • 221 • 052 8 • 000 ~28 .154 .199 

88 .224 • 054 5 . coo 545 .159 . 206 
89 . 226 • 036 3 • 000 563 .164 . 212 

90 . 229 • 058 2 • 000 582 .170 . 219 

91 . . 231 • 060 0 • 000 600 .175 . 226 

92 . 234' . 062 0 • 000 620 .181 • 234 

93 . 236 . 063 9 • 000 630 .186 . 241 

9! . 239 . 065 D . 000 659 .19'2 • 249 

95 .241 . 067 9 . ooo G79 .198 . 256 

96 . 244 . 070 0 • 000 700 .204 • 264 

97 . 246 . 072 1 • 060 721 . 210 . 272 
98 . 240 '071 3 • 000 743 .2!7 • 280 

09 .251 . 016 5 . 000 765 .223 • 288 
100 . 251 '078 7 • 000 787 .230 • 297 
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Table. showing weights of silver bcada, .f·c.- Con tinned. 
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101 o. 2<>7 0. 081 0 0. 000 810 0 0 236 0. 305 
102 . 259 0 083 3 0 000 833 0 243 .314 
103 0 262 0 085 7 0 000 857 0 250 . 323 
104 0 264 . OH8 0 0 000 880 0 257 0 332 
105 0 267 0 090 5 0 000 905 0 264 0 341 
lOG 0 ~69 0 093 0 • 000 9JO 0 271 0 351 
107 . 272 0 095 5 0 000 955 0 279 0 360 
108 0 274 0 098 1 0 000 981 0 286 0 370 
109 0 277 .101 0 001 01 0 294 .380 
110 0 279 .103 0 001 03 0 301 0 3_90 

111 0 282 .106 0 001 06 .309 0 400 
112 0 28! .109 0 001 09 0 317 .. 410 
113 0 287 .112 0 001 12 0 325 . 421 
114 0 290 .114 .001 H 0 334 0 431 
115 0 292 .117 0 001 17 0 342 0 442 
116 0 295 .120 0 001 20 .• 351 0 453 
117 0 297 .123 0 001 23 0 359 .46! 

I 
118 0 300 .126 0 001 26 0 368 0 476 
119 0 302 .129 0 001 29 0 377 -

0 487 
120 0 305 .132 0 001 32 0 386 .499 

121 0 307 .136 0 001 36 0 395 0 511 
122 0 310 '139 0 001 39 0 405 0 523 
123 0 312 .142 0 001 42 0 414. .535 
124 0 315 .145 • 0111 45 0 42! 0 548. 

125 0 317 .149 0 001 49 .433 0 560 
126 0 320 .152 0 001 52 :443 . 573 

127 0 323 .155 0 001 55 0 453 .586 
128 0 325 .159 0 001 59 0 463 0 599 
129 0 328 .162 0 001 62 0 474 0 612 
130 0 330 0 166 0 001 66 .484 0 626 

131 .333 .170 0 001 70 .495 .640 
132 0 335 .173 0 001 73 0 505 .654 
133 0 338 .177 0 001 77 0 516 0 668 
134 0 340 .181 0 001 81 0 527 0 682 
135 0 343 .185 0 001 85 .539 . 696 

136 0 345 .189 0 001 89 0 550 0 711 

137 0 318 0 19:~ .001 92 0 561 0 726 
138 0 351 0 i96 0 001 96 0 573 0 741 

139 0 353 0 200 0 002 00 0 585 . 756 

140 .356 . 205 0 002 05 0 597 .771 

141 0 358 .209 0 002 09 0 609 0 787 
142 0 361 0 213 0 002 13 0 621 0 803 

143 0 363 0 217 0 002 17 0 633 0 819 

144 .366 0 221 . 002 21 0 6~6 0 835 
.145 

0 368 0 226 . 002 26 '658 . 851 

146 0 371 0 230 0 002 30 .671 0 868 

147 . 373 .235 0 002 35 0 684 .884 

148 '376 0 239 0 002 39 0 697 0 001 

1!9 0 378 .214 0 002 44 .710 0 919 

150 0 381 .248 0 002 48 .724 0 936 
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Table ~lwwing wlirJlils of silrc1· bciulB, !f·c.-Cuntinuell. 
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151 0.384 o. 253 0. 002 53 0. 737 o. o;,3 
152 . 386 . 258 . 002 58 . 751 . Oil 

153 :389 . 262 . 002 62 . 765 . 989 

154 . 301 . 267 • 002 67 . 779 l. 007 

155 • 394 • 272 . 002 72 . 703 l. 0~6 

156 . 306 . 277 . 002 77 . 808 l.OH 

157 . 309 • 282 • 002 82 . 822 l. OG~ 

158 . 401 • 287 . 002 87 . 837 l. 082 

159 • 404 . 292 . 002 92 . 852 l. 101 

160 . 406 j· 291 
. 002 97 • 867 L 120 

161 .409 .302 • 003 02 • 882 1.140 

-~-
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SEA-COAST SWAMPS OF THE EASTERN UNITED 
STATES. 

BY N. S. SHALER. 

GENERAL INTRODUCTION •. 

Among the most interesting results of the interaction of the sea and 
land are the swamps formed along the ocean shore. Such swamp de­
posits are found along most coasts. Although the special considerations 
of this report concern only the swamps of the New England and the 
more nort}lerly portions of the American coast, it will be desirable to 
consider the outlines of the history of all sea-shore sw~mps, at least to 
the extent necessary to make the way clear to our study of the more 
limited field. 

A very little study of the sea shore will show the intelligent observer . 
that detrital' matter is there subject to very peculiar conditions which 
are not found away from the narrow field where the sea comes into con­
tact with the land. Over the whole surface of the land gravity, made 
free to act by the work of rain and frost, constantly urges detrital mat- . 
ter down the slopes of the continents towards the sea shore. Over the 
surface of the sea floor, except within the narrow belt from a little above 
high water to a few score feet below that level, this detritus is either 
stationary or is affected by very slight impulses. Within this shore 
belt, where the 'Yave action is great, the movements of detrital matter 
are extremely varied, according to t,he ever changing movements of the 
sea, which vary with each tide, with each storm, and with every al­
teration of the geographical outlines of the vicinity. By these move­
ments of the water the sedimentary- matter is carried in varied di­
rections, sometimes from the land to the sea; again, by a slight change 
in t.he equation of the forces, from the sea floor to the land. Here a 
cliff is undermined and its waste torn to pieces by the waves; there a 
narrow wall beach is thrown across an estuary; or dunes, composed of 
sea sand cast back upon the ]and and heaped up by the winds, may 
march across the lea; converting fertile fields to desert wastes or clog­
ging the course of the streams on their way to the ocean. 

The general tendency of these sea-shore forces is to cut away those 
projecting parts of· the coast which' rise above its snrface·and to heap 
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such part of the waste acquired thereby as may not be borne away from 
the shore line iu the form of beach ridges, built along those parts of the 
shore which are so low as to present no cliff front to the waves. As 
the rivers in this part of the shore belt have the least fall, they are 
much hindered in their exit to the sea by these accumulations of debris. 

Where there a~e great rivers bringing lar:ge quantities of sediment 
into the sea the swamp-building process is in tem~ified, as in such posi­
tions the materials for the construction of beaches and the acc·umula­
tion of morasses are more abundant; moreover, as is well known, the 
salt in the sea-water favors the precipitation of the mud, which is borne 
into it by the streams, and so the waves and currents ~ave more waste 

· at their command than in those parts of the coast where the silt comes 
from the beaches alone. 

Whenever it happens that the shore line is undergoing a slow snb­
.sidence then the swamp-building conditions are made more favorable 
by the raised beaches which the sea is constantly building. This is 
conspicuously the case along the shores of the coast region from Chesa­
peake Bay to the Gulf, where the land is either subsiding or has been 

, sinking in very recent times. These sea-built beaches, extending as 
long walls along the shore, hinder th~ outgoing of the land water, and 
thereby produce a vast extent of imperfectly drained country/which nat­
urally has a swampy character. Even if a low shore is steadfast in its 
position in relation to the sea, the process of down-wearing of the land 
soon brings the surface into a condition of imperfect drainage. Any 
little elevation is lowered by erosion, and if the rocks be calcareous the 
·leaching out of their soluble materials lowers them to near the sea 
level. 

We should next notice the fact that the sea-board swamp deposits 
are divided into two distinct classes, viz, those which are formed with 
fresh water for their usual covering and those which are covered with 
salt or brackish water, to which the tides have free access. It is well 
known that there is a tolerably sharp demarkation between the organic 
life, both animal and vegetable, in the fresh water and that in the salt 
water. Moreover, the tidal action, as we shall see hereafter, brings a 
new element .into the equation of forces involved in constructing the 
swamps to which it has access. The result is that the swamps covered 
by the land waters have the common type of terrestrial swamps, where 
the vegetabl~ matter, with a chance admixture of river silt laid down 
during periods of flood, makes up the mass of the deposit; in the marine 
or salt-water swamps the salt-water grasses and sea-weeds commingle 
their waste with relatively large proportions of animal matter, and the 
ever-rljlcurring tides supply a large share of detritus worn from the 
neighboring beaches. The result is deposits which have a large por­
tion of inorganic silt in their composition. 

The problem of swamp formation is further complicated by the fact 
'that in southern countries, where the mean temperature remains high 
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for a long period and where the dryness of the air at certain seasons is 
considerable, the fresh-water swamps are subjected to a much more act· 
ive decay than those in more northern climes, where .the season of great 
heat is short and the air is more generally .moist. The result is that in 
southern regions the accumulation of swampy matter can never raise 
the fresh-water morasses much above the level of the sea, or at least 
above the level of permanent moisture. Moreover, as we go southward 
the mosses belouging to the genus sphagnum, which are the most er.' 
fective swamp-building plants now living, disappear, and their place is 
not taken by other species. The consequence is that the porthern 
swamps, due to the blockading action of the sea, have a much better 
chance of extensive growth thap those of the south. On the Atlantic 
coast of North America the southern limit of free-growing fresh-water 
swamps is found at Cape Hatteras, tl}e system of the Dismal Swamp 
being the most southern extensive morasses approximating to -the 
northern type. South of that line the fresh-water swamps are more 
and more affected by the climatal conditions as we approach the 
tropics. 
- Although the conditions of recent or still continuing subsidence favor 
the development of morasses in the southern regions, tliey do uot have 
t,be vigor ofdevelopmeut belonging to similar structures in the m'ore 
northern district. On the other band, we have the fact that the north· 
ern sea shore is in a state of elevation, or at least its movements have 
in geologically recent times been generall.r in the direction of elevation, 
so that the effect of the sea in barricading the shore has been small. 
Moreover, the shore. is usually bold in its nature, and the interior has 
decided slopes toward the sea-board. 

On the whole, the production of inland swamps due to the barriers 
built by the sea has been much greater in the northern portion of the 
continent than in the southern districts, though, as we shall see, the 
swamps formed in this manner are by no means wanting in the regions 
south of Cape Hatteras. 

The swamps resulting from the coast actions may be generally clas­
sified in the following manner: 
· Salt water swamps-formed within the tidal iufluerice by tile corn· 
bined action of salt-water plants, animals of various groups of inverte­
brates, together with detrital matter brought in by the tides; 
·Fresh-water swamps-formed when the lowlands have their' drainage 

hindered by the barriers made by the rivers, composed of fresh-water 
plants, together with alluvial matter brought in by the fresh-water 
streams; 

Estztarine swamps-formed where essentially fresh water is lifted 
and lowered by the tide, composed in the main of grasses and the 
alluvium of rivers. This group is very limited in its range. It -may be 
illustrated by the case of the '' vleys" or swampy borders of the Hudson 
River. 
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THE COAST SWAMPS OF NEW ENGLAND. 

The development of the· shore swamps of New England is intimately 
connected with the glacial ~istory of this district during the last ice 
period. The forces at work in that period determined the shape of the 
surface and thus fixed the outline of the shore. The oscillations of 
level attending on the coming and going of the ice sheet did much to 
determine the history of the coast line. It will therefore be necessary 
to preface the account of the N~w England.coast swamps with a brief 
statement concerning the l:'ffects of gla{lial action on its territory. 

The rocks which undNlie the surface over New England are of ex­
ceedingly diverse hardness: long-continued mountain-building actions, 
together with extensive local metanw.rphism, the intrusion of dikes, 
vein structure, &c., have brough,t these rocks to a state when the same 
degree of resistance to eroding agents is never found over any extended 
area. 

The· result of this irregular resistance to erosion was to give the 
surface, when being acted on by ice, au exceeding diversity of outline 
There are very few parts of this region between the Hudson-Cham­
plain Valley and the Atlantic which have tbe bed rock horizontal over 
any area of even an acre of extent. I have rarely found a surf~ce of 
this area with average inclination of Jess than five degrees of slope. 
The principal feature of the topography is the occurrence of long, deep 
troughs, with undulating floors, the axes of which lie in the direction of 
the old mountain synclinals. 

It is a marked feature of this district (probably, indeed, of all regions 
which have their erosion outlines determined by glacial action) that the 
troughs or synclinals of the mountain folds are more eroded than the 
anticlinals. Ubservations on regions south of the glacial belt show 
that there the reverse is the case, the auticlinals receiving the most 
wearing and the synclinals the least; so that the latter axes become 
in time the highest parts of the country. As these anticlinals and syn­
clinals of New England have in general northeast and southwest trends, 
or rather trends which run a little to the east and west of the meridian, 
the outline of the shore is in a great measure determined by their 
courses. As none of these troughs is smooth, but all are extremely 
irregular, owing to the erosion done by the ice, the contact of the sea 
with the shore bas the peculiar aspect known as the ~jord structure. 
This is not a peculiarity belonging alone to the shore line of glaciated 
countries, but is the shape which that line necessarily assumes where 
the level of the sea is laid against the land. If the New England coast 
were to be lowered by several hundred feet, as it was lowered at the 
close of the last glacial period, the shore line would be found to have 
the same fjord structure as at present. 

An examination of the detailed maps of the United States Coast Sur­
vey giving the topography of the coast between New York and Eastern 
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. Maine will show the reader that this fjord topography is expressed 
along the whole of this coast line.. It is most distinctly shown in the 
section from Eastport to Portland, wher~ the trend of the shore is such 
that the coast line cuts across the axes of the synclinals; it is less dis­
tinct in the section from Portland to Cape Cad, where the coast follows 
more nearly parallel to the direction of the mountain troughs, but it 
again becomes ver~· clear in the section from Cape Cod to New York, 
where the trend of the coast is more nearly at right angles to the axes 
of the synclinals than on any other part of the coast south of Nova 
Scotia. 

A glaciated district affords peculiarly favorable conditions for the 
development of both salt-water and fresh-water swamps. On the land 
the glacially formed contours afford abundant basins, which at the 
outset are lakes, bnt in time become converted into morasses. The 
formation of shore swamps is favored by the existence of abundant re­
cesses or embayed portions of the shore, in which such accumulations 
can be protected· from the assaults of the greater waves. The process 
of development of these salt-water marshes may be f.!tudied in almost any 
of the fjords of this shore. Their history is in general as follows, viz: 
At the close of the glacial period there was a time in which the coast 

/ was subjected to several sudden alterations of level. The rapidity of 
these movements is indicated by the general·absence of old beach-marks 
within the belt occupied by the sea during the changes of level as well 
as by the condition of the kames and kindred glacial structures which 
have passed through the shore line in the process of rising and sinking 
of the land. Finally the land recovered from the extreme unsteadiness 
which the glacial conditions caused and assumed its present generally 
steadfast position. The rapid changes of level ceased at a time prob­
ably not more than ten thousand years ago, since which time the condi­
tions now at work have been in operation. 

The actio"n of the waves on the shore is the first point that requires 
our attention. This action is greatest on the exp·osed headlands of 
the coast, for there alone do the waves have their greatest height. The 
materials composing these headlands are worn away and beaten into. 
fragments, which are carried in the direction in which the waves are 
moving. The fragments formed by the beating of the waves are carried 
to the nearest beaches, which are alway;s more or less inland, in refer­
ence to the eroding cliff's. On these beaches the pebbles are slowly 
ground into fine mud, which may be easily carried even by slight cur­
rents for considerable distances. A considerable part of this mud is 
taken out to sea by the undertow or bottom current which always 
sets from a storm-beaten beach along the bottom, but another. part is 
urged by the movement of the water caused by the waves and of the 
tidal flow into the fjord, where it falls to the bottom. In this process 
of carriage the mud is generally conveyed along the shores and is. 
most colllmonly deposited in the parts of the inlets near the shore 

~: ,. 
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line. Wherever there is a bay within which the tidal current is dead­
ened and where the waves have little play, this sediment is most rap­
idly laid down. If the process of deposition begins on a pebbly bot­
tom, it is at first aided by the irregularities between the stones and the 
friction of the water among the sea-weeds, which frequently attach 
themselves to the stones. .As soon as a sheet of mud is established, it 
commonly becomes occupied by a dense growth of eel-grass. This plant 
by its habit of growth greatly favors the deposition of sediment. The 
separate stems are set very close together, the interspaces not generally 
exceeding one or two inches. A tidal cnrreut of two miles an hour, 
swift enough to carry much sediment, is almost entirely deadened in 
this tangle of plants . 

.At half tide on the New England coast these eel-grass fields are gen­
erally covered with water to the depth of several feet; at this stage 
the tidal currents are commonly strongest. The water above the level 
of the grass has its usual freedom of motion and brings much sediment­
ary matter above the level of the foliage. As .the tide falls a part of 
this waste is entangled and held until it gradually sinks to the bottom, 
so that each run of the tide gives a certain contribution of sedimentary 
matter, which goes to shallow the water. This process is easily ob­
served from a boat floating over a field of these plants. The deaden­
ing of the current when the lowered tide brings the tops of the plants 
near the surface is very noticeable. The mass of floating matter-mud, 
fronds of sea-weed (often with shells or small pebbles attached to their 
bases), dead fish, and a mass of other refuse -is seen to collect in the 
mesh of foliage and sink to the bottom. The dead stems of the eel-grass 
and the bodies of many small crustaceans and mollusca which live on 
its stalks or on the bottom contribute to the deposit, so that it thickens 
with considerable rapidity. 

When the bed formed on the sea bottom by the action of the eel-grass 
and its associated plants has risen to the point where it is dry at low 
water of the ordinary run of tides, the eel-grass can no longer maintain 
itself, but gives place to other groups of sea weeds and grasses. 

S AND 

FIG. 51.- Diagrammati c section through a growing marin e marsh . 

.A , bed rock . B, sand and gra..-el. C, eel ·grass. D, upper marsh. E , mud-fiat . 

These species of plants find their place first near the shore line, where 
the eel-grass platform is naturally the highest. .At first their vegeta­
tion is quite sparse, owing to the difficulty with which they endure the 
depth of water at high tide. There is often, indeed, a considerable dif-
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ficulty in establishing the growth of the second group of plants, and for 
a while th.e deposit takes the shape of bare mud-flats, depenuent in the 

, main for their accumulation of detrital matter on the growth of cer­
tain mollusca, especially of the genera mytilus ami modiola. It often 
happens that the scouring action of the tide· restrains the upward 
growth for a long time; this is indicated by the very wide bench that 
lies between the level where the work of the eel-grass ceases and the 
higher plants establish themselves. Although this bench in most cases 
only extends through a vertical height of from three to four feet, the 
height depending on the measure of the tidal rise, it is often a mile or 
more wide. It constitutes the mud-tlats of our shores. 

When, as is usually the case, the more highly organized plants have 
diffic11lty in establishing themselves over the broad surface of the mud­
flat, they win their way to it in the following manner, viz: 

From the vantage ground of the shore line, where these plants easily 
find the conditions of submergence which suit their needs, the plants 
slowly extend tQ.e front of their bench out over the mud-flats (see Fig: 
51). 

This process of growth can be "more easily studied than that of the 
earlier or· eel-grass stage of the marshes, for it is vi8ib1e along miles 
of our shore. The higher grasses have even more thick-set stems than 

"' those of the_ eel-grass flats; they entangle setliment even more effectively. 
1\.fi first their stems are covered for a few hours at each ordinary tide ; 
they gather waste rapidly, awl soon lift the plain which they are con­
structing up to the point where only at the highest tides are the tops 
covered by the water. At this stage the growth of the deposit is prac­
tically arrested, there ·being no means of increase save from the decay 
of the grasses themselves. At this period of growth the entrance of 
much sediment upon the area is strongly resisted by the tall grass upon 
the periphery of the marsh. The sediment is arrested ·upon tliis outer 
fringe of the plain, which is thus enabled to gain with con~iderable 
rapidity upon the mud-flat by the horizontal extension of the terrace, 
while, at the same time, it is constantly growing in height until it at­
tains the ~aximum elevation of the deposit. This outer edge' of the 
upper terraces of the morass i8 subjected to the constant friction of the 
tidal currents, as well as to the beating of the waves and the grinding 
of the ice in the winter season, so that in most cases its gain upon the 
area of the mud flat is slow. 

The principal resistanc~ to its extension comes from the action of the 
waves; by their blows a considerable amount of the face -is worn away 
and the waste is distributed over the mud flat, thus adding to the thick­
ness of that deposit and preparing it for the occupancy of the higher 
plants. In winter the ice chafes against this face with the rising and fall­
ing of the tide, often proving destructi\'e to it. It is often seen to be 
undermined by these eroding agents; but in this case the superficial 
mat of closely interlaced roots holtls together, and falling down over the 
escarpment acts as a revetment or curtain, securing it from further wear 
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and preparing the way for its speedy restoration by the rapid growth 
of the grasses'in their new position. It is only when the waves have 
a sweep of a mile or more that they can effectively arrest the exten­
sion of the sheet; even then it is necessary that the tidal current be 
strong enough to bear the debris away from the mud flat before the 
victory of the waves is in any way lasting. 

There is, however, a more definite limit to the encroachment of these 
upper-level salt marshes upon the tidal streams. As the marshes ex­
tend they narrow the channels occupied by the free-running tide until 
they reduce its flowage-ways to very limited boundA, the lines of which 
are determined by a delicate adjustment of the forces which extend the 
marsh area and the destructive scouring action of the tide exercised on 
its growing edge. . There is no other case in naturp, save in the coral 
reefs, where the adjustment of organic relations to physical conditions 

·is seen in such a beautiful way as in the balance betw·een the growing 
marshes and the tidal streams by which they are at once nourished and 
worn away. 

The system of tidal circulation in a salt marsh is fairly well shown 
in small maps of the Green Harbor and Plum Island marshes, in which 
the mai1,1 . channels of this circulation alone are delineated .. ·-Besides 
theselarger inlets of the tide there are many smaller channels which 
ra"llify through the marsh, by which the waters find their way over its 
surface, tlms escaping, in a measure, the resistance which the close-set 
grasses would make to its direct passage over the swamp. So branched 
are these channels that there is hardly an acre of the natural swamp 
which is without one of their water-ways; its steep sides and tortuous 
course show its constant battle with the encroaching plants, which 
naturally grow with the most vigor near its banks. Owing to the fact 
that the greater part of our salt marshes have been partly subjected to 
the care· of man, these narrow channels are often obliterated. The hay 
which ths salt marshes produce, though scanty in quantity, has a cer­
tain value and is much esteemed by the New England farmers. These 
natural channels were much in the way of the harvesting of the hay 
crop, so nearly all these swamps have been ditched in such a way that 
the water now finds its entrance and egress by a system of artiticial 
parallel channels a few rods apart. By this means the hay wagpns and 
the mowers can find well arranged ways for their operations and the 
marsh is more quickly drained. Owing to these artificial channels, the 
natural streamlets have often disappeared, their beds rapidly growing 
up when the currents through them were directed into the artificial 
ways. 

Even where this artificial modification of the swamps has changed 
the regimen of their lesser creeks, this water system remains one of the 
most beautiful exhibitions of natural forces which the sea shore aftords. 
There being everywhere the same pressure of the growing sod against 
their streams, they are free to cast· their curves into exactly the form 
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which the pendulum motion of their currents demands. At first sight 
it seems to the observer that the creek or salt-water stream is under 
much the same conditions as a fresh-water river traversing an alluvial 
plain; but a little observation will show him that the circumstances, 
though in a manner related, are in most ways extremely different. In 
the case of a true river its flow is constantly in one direction, and though 
the volume and energy of its current vary from time to time, it is only 
irregula.rly: and at long intervals. In the salt:marsh river the flow is 
alternately in either direction, up or down stream, and this in a rhythmic 
manner twice ·each day, with briefi£ttervals of perfect repose. The re­
sult is that the symmetry of the tidal-river curves far exceeds those of 
anY fresh-water stream. In the river the effects of the frequently varied 
conditions can be traced in the. curves, however symmetrical.they m~ty 
be; this gives them a certain irregularity. In the tidal river they may 
be perfectly balanced in their curvatures. Iu the fresh-water rivtr the 
str~am in the section where it is bordered by alluvial plains. is ~usually 
burtiened with a vast body. of sediment, with which it is constantly strng~ 
gling. It also brings a great deal of driftwood, which, lodging on the 
bottom or on the banks, .perturbs the natural oscillations of the current 
and makes the outlines of the chan_nel irregular. In the tidal river 
there is never any large amount of sediment; in no case enough to form 
bars; there is no driftwood ; twice each day the perfect stillness of the 
water permits its burden to fall to the bottom. The only likeness in 
symmetry to these tidal rivers i~found in the fresh-water swamps, whose 
clear natural streams fiow through matter resembling in its process of 
growth the peat of the salt-water swamp, but even there the changes in 
the volume of the current make its curves less beautiful than those of 
the tidal marshes. 

Although the foregoing account of the general history of the salt­
water swamps of the Atlantic coast is true of these structures as a 
class there are certain differences in their character which depend 
·upon circumstances peculiar -to the various districts where they are 
formed. In regions where the soil is sandy, as, for instance, along the 
southern coast of .Long Island, New York, the process of filling the 
shallows to the point where the grasses of the higher level may seize 
upon them is rapidly accomplished by the currents bringing in sand 
from the easily-worn headlands, so that the earlier or eel-grass stage 
of construction is omitted. In such regi@DS extensive salt marshes 
may lie directly on a deposit of sand. Where the amount of drifting 
sarid is very large it may entirely fill up 'the areas suitable for salt 
marshes before they have time to form. 

The extent of the mud-flat stage of the developing terrace is also de­
termined by the intensity of the tidal action, -which in turn depends 
mainly on the height to which the tide rises. Where in the region near 
New York the tidal rise does not exceeu about eight feet the currents 
are weak and.their carrying power is relatively small. In the district 
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bordering on Long Island Sound the shore is not exposed to the open 
sea and the wave action is slight. Th~se causes combine to make the 
sediment brought upon the flats of that region small in quantity and of 
very fine grain. The mud-fiats are but little scoured and the tidal friction 
against the escarpment of the upper level of the marshes is slight. In 
this region the mud~flats, though often made, are not so deep nor so ex­
tensive in area as they are along the more northern shores. 

Along the New England shore from Cape Ood to Portland, Me,, the 
increased height of the tide and the greater freedom of movement-of 
the sediment caused thereby, together with the greater action of the 
ocean waves on the unprotected shore, increase the rate of growth in 
the eel-grass level and add to the depth of the section occupied by the 
mnd-flats. 

Going as far east as the Bay of Fundy, where the tidal currents have 
several times the carrying energy which they have about New York and 
where the rocks exposed to the assault of the waves are of a softer nat­
ure than any other except the cla_ys and sands of Tertiary or post-Ter­
tiary age, we find a sudden increase in the proportion of sediment car­
ried by the tidal currents. The greater part of this sediment is con­
tributed by the Paleozoic and Mesozoic rocks of this section, principally 
by the red sandstones and shales of the Triassic period, \vhich are ex­
posed to the erosive action of the sea along extensive marine escarp­
ments. The geological origin of this sediment is indicated by its pre­
vailing red color, that being the hue of the greater part of the Triassic 
rocks of this district. 

The quantity of this mud is very great; the cur-rents which sweep it 
about are of remarkable strength, it being not uncommon- to find tidal 
streams flowing with a current of six or eight miles an hour in the mid­
dle half of the tidal movement. The result is that wherever there is a 
deep bay in the recesses of which tlie tidal motion is slackened we find a 
very extensiv_e deposit of mud. In this region, such is the energy of the 
currents and the amount of the sediment that both the eel-grass and the 
upper-grass portions of the detrital terrace are relatively limited, and 
the mud-flat portion is the striking feature in the coast topography. 
On the central parts of the New England shore, as about Boston, the 
mud-fiat occupies at most two or three feet in the altitude above mean 
low tide and the annual addition to its mass in .a year is very small. 
Thus in this latter district so slight are the currents which flow over the 
upper level of the marsh that the mud material which they deposit may 
not amount to as inueh as one-tenth of an inch a year. On the other hand, 
in the Basin of Minas, one of the principal inlets leading from the Bay 
of Fundy, the contribution of sediment is so great that vast areas have 
been easily reclaimed from the sea by building a rude inclosure around 
an area of the higher parts of the mud-flat, so that the speed of the sedi­
ment-laden waters is checked and they are made to lay down their bur­
den. In a few years, often in a few months, this inclosed area is raised 
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to near the level of high tides. It is then only necessary to erect a barrier 
sufficient to exclude the tide, with exit gates for the rain-water, in order 
to have the land completely reclaimed from the sea. In this simple way 
there has been an area of many thousand acres of excellent arable 

' land created along these shores. 
The area occupied by the swamp deposits in di.fl"ereut sections of the 

shore depends upon a variety of conditions. One of these, the presence 
')f sheltered bays, has already been noticed. The original depth of water 
in the inlets is also a matter of great importance. These marshes are 
relatively rare along the coast of JVIaine, because the fjords of this sec­
tion were originally very deep and the headlands are of such enduring 
rock that there is little waste formed by the waves which can go to 
shallow their bottoms to the point where the construction of the swamps 
can be begun. It will be some thousands of years.before this portion 
of the shore has its waters shall owed to the depth where the marine 
swamps can begin to efl'(•ct extensive reclamations from the sea. Al­
though there are no -very extensi\re salt-water swamps in the section 
uetween Portland and Eastport, they are frequeutly present as fringes 
along the shore, where the position is sheltered from the waves and the 
water is not too deep ana the tides bring their usual supply of sediment. 
Along the Massachusetts shore the fjords were not originally as deep 
as those on the coast of Maine, and the very large amount of glacial. 
drift ou this part of the coast afforded material for the shallowing of 
the floors of the inl«ts to the point where the sea-weeds could begin 
their work of catching the sedimeut. 

The presence. of large amouuts of pebbly material along a shore is 
. also favorable to the formation of salt marshes by giving the waves an 
opportunity to construct barriers behind which the marshes may de­
velop. These barrier beaches are particularly abundant along the 
1\Iassachusetts shoi:e, where the sea has abundant- access to glacial peb­
bles and the coast is sufficiently opmr to the action of the waves to en­
able them to do their full measure of work. The best example of this 
action is seen in the Ispwich marshes, just south of the Merrimac River, 
and in the marshes about the mouth of the Saugus River, near Boston. 
The method in which these new inclosures are formed by the construc-
tion of barrier beaches is as follows : , . 

When the coast shelf bas been shallowed by the accumulation of sedi­
ment to the point where the,space between the capes of a bay has been 
brought to within about 20 feet of the surface at the time of low tide, 
the conditions are favorable for the closure of the inlet by a barrier 
beach. In some time of heavy tempest, when the waves are running 
with energy into its open mouth, the seas mount too high to pass over 
the shallow without breaking. This breakiug of the waves is caused 
by the excessive friction of the bottom of the wave on the floor of the 
sea, which so retards its on-going that the upper part of the waYe shoots 
over the lower part and tumbles into confusion. It is precisely the 
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process so easily observed when the waves break on a shelving beach. 
As soon as the process of breaking begins, the forward motion of the 
wave is arrested, and the detritus which it was urging forward at once 
falls upon the bottom immediately in front of the ~rrested waves. In 
this way the barrier beach is begun. (Fig. 52.) 

NW 

FIG. 52.-Diagrammatic section through Chelsea Beach and Saugus Marsh. 

A, Bed-rock . B, Sand and gravel. C, Eel-grass layer . D, Upper marsh. 

At first the beach may consist of a reef which does not rise above the 
water level, and probably is not complete across the whole of tbe space 
between the headlands of the bay; but generally the incoming mass (lf 
detritus carries the submerged ridge of the beach up to the level of 
high water, and the sea-wall is formed. Several excellent types of such 
barriers may be found on the northern shores of Massachusetts Bay in 
the heacbes of Cltelsea (or Revere), Lynn, and of Marblehead. If tbe 
beach stretches across the whole of the exit of the bay, there is au accu­
mulation of laud water behind the barrier whicb soon forces an exit. 
Tbis exit may be permanent, as is the case with the exit from the 
marshes behind Chelsea Beach, and in most other cases where the in­
closed area iR large, or it may be subject to frequent closure, as is the 
case with the beaches on tbe south side of Martha's Vineyard, Cape 
Cod, and elsewhere, where the waves and tidal currents have a large 
amount of sand under their control. In these cases the outlet is con­
stantly opening and closing. 

If a tolerably constant connection with the sea be maintained, then 
the salt marshes, beginning witb the eel-grass stage, rapidly win the 
ground from the sea. 'Tile front of the beach becomes a vast mill, upon 
which sediment is ground into the state of mud, to be swept into the 
area of the bay with the ingoing tide. The conditions given by such a 
barrier beach are the most favorable for the formation of salt marshes, 
as they include a large area of sballow water and an extensive sea beach, 
where a great amount of sediment, both organic and inorganic, may be 
produced. We _conseqnently find that such area s are · commonly com­
pletely occupied by salt marshes, except where lie the streams neces­
sary for their natural irrigation. 

If, however, the barrier between the lagoon and the sea is· at times 
closed, so that the water in the lagoon becomes fresh, the result is that 
the plants which are especially adapted to the production of salt marshes 
are killed by the fresh waters, while the occasional invasion of the salt 
water destroys the fresh-water plants, which might otherwise establish 
a swamp of their species. By these alt.ernati~ns some of the largest 
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bays on the sandy sh~?res have been kept from the invasion of the 
swamps, which would probab~y have been "closed by them if the bays , 
remained either fresh or salt water areas for a few thousand years. 
These inlets, where tile growth of the salt marshes is liable to frequent 
iut.erruption, are most common along the sandy shores of the coast, for 
the rea~wn that in these regions the storms are able to shift large 
amounts of detritus in a short time, easily blocking the inlets to the 
lagoons, making the change to fresh water until some period of flood, 
when the laud waters again establish a breach large enough to permit 
tbe tide to resume its work. 

Although the regions where sand is abundant are, on the whole, un­
suited to the normal growth of swamps, they are peculiarly favQrable 
to the development of lagoons, which, except for the frequent alterna­
tions in the character of their water, are very well ~:~dapted to the growth 
of the swamp-making plants of the sea. An inspection of the Coast Sur­
vey ~harts will show the reauer good specimens of these lagoons along 
the whole shore which is bordered by sandy material from Portlan(l 
to New York. The commonest type of the lagoon is that which is 
formed by the breaking of the waves across the mouth of a bay, as 
before described. As these beaches are composed in the main of sand, 
they gi \e little waste for ·the filling of the ba~', for sand, as. is well 
known, wears very little under the beating action of the waves. Another 
form of lagoon is produced by the extension of what are commonly called 
"lwoks," which are in effect beaches that are extended beyond t.he 
shores on which they begin to form. When the projecting reef of the 
beach encounters a cross-current it is often so turned that it extends at 
an angle to its line of original growth, forming a great elbow, which 
embays an extensive area of water. Sometimes another beach forms 
across the open side of the bay thns created, completing the inclosure 
of the lagoon. The best specimen of this structure which our coast 
nffords is that at the east end of Martha's Vineyard, known as Cape 
PogP. (Fig. 53). . 

This promontory has the peculiar double beach, affording a complete 
inclosure within the sea bnilt walls. Ordinary sand ''hooks" of various 
sizes abound along th~ shores of Cape Cod and the region to the west­
ward. Indeed, the eastern extremity of Cape Cod itself, including the 
northward-trending portion of its arm, is probably in large part of this 
nature. Except in cases where these inclosures are too much open to 
the sea, permitting the entrance of waves which are so strong that they 
break up the swamps, these lagoons are all the seats of such deposits .. 

There are certain general considerations connected with these salt­
water swamps which deser\e attention. First, we may note the fact 
that, although the New England shore affords unmistakable evidence 
of frequent a.lternations of elevation and subsidence within very recent 
times, no evidence of elevated marshes has ever been found. .Although 
the upper coating of vegetable matter would doubtless soon decay and in 
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a short time lose all distinct likenes~ of its original shape, its character 
as a shelf abounding in organic remains and having a horizontal form 
should remain, provided these terraces were ever built a t higher levels 
which are now above the plane of the sea. At many points along the 
shore, especially on the coast of Maine, and in other parts of New Eng­
land, there are abundant deposits of clays known as Leda clay, which 
have been well preserved. - These deposits were formed in deeper water 
than is required for the accumulation of salt marshes, and are hardly 
more likely to be preserved. 

F IG . 53.- Rooks at eastern ~nd of Martha's Vineyard. 

This general absence of terraces which we might assume to have been 
marine marshes formed on the shores above the level of the sea at the 
clos~ of the glacial period affords a fair presumption that these morasses 
have only begun to develop in an important way since the shore as­
sumed its present level. This may be explained by the fact, abundantly 
shown by the absence of ancient erosive beaches and other evidence, 
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such as that from the kames, &c., that the_ duration of the subsidence 
at the close of the glacial-period was very brief, and that the sea very 
quickly attained its present altitude, pausing at no time long enough 
to develop the characteristic features of a shore line. 

Although there are no signs of old marine marshes above the present 
tide line,. there is reason to believe that there are at some points consid­
erable areas of salt marsh formation below the present level of the sea. 
On man;\· of the New England beaches it is not uncommon to find large 
masses of the characteristic matted roots of the upper-le\"el marsh-plants 
which have evidently been long buried beneath the sea. These frag­
ments are particularly common along the north shore of Massachusetts 
Bay, though they are found at times along the whole coast from Port· 
land to Long Island. Although it is possible that the detritus may-rep­
resent masses of the present shore swamps, which have been carried 
away to deeper water by the action of ice and other transporting agents, 
and subsequently rejected by the sea, it appears to me most reasonable 
to look upon them as fragments of swamp deposits which have been 
buried by subsidence. This view is supported by many other facts, 
such as the occurrence of submerged forests, which go to prove recent 
subsidence of the coast line between Portland and New York. 

Before passing from the general consideration of these salt marshes 
to take up the economic problems which they suggest, it will be worth 
the reader's while to consider certain general features of these singular 

- -structures. The remote and picturesque coral reefs have long proved 
fascinating subjects to the geological student, while these near-at-home 
structures, which are in their way almost as interesting as the work of the 
polyps, have never been adequately studied. In the northern part of 
Europe they have been the subject of much economic consideration, 
but there seems to be uo scientific literature \fhatever on the subject. 
Yet theRe swamps are on many accounts the most remarkable features 
of the ocean shore line. They probably represent a larger share of solar 
energy applied through organic life to constructive geological work than 
is shown by the coral reefs; this is certainly the case if they play the 
same part along all the northern seashores that the,y have along the 
coast of New England. In the methods in which the work ·is done, in 
the beauty of the successions of growth, the exquisite symmetry of the 
s,ystem of irrigating canals in the completed swamp, they are not exceeded -
by the architecture of the coral reefs, admirable as those structures are. 

The marine swamps may in their constructive work be well regarded 
as the complement of the destructive effect exercised by the celestial 
energy along the shore. The waves (the product of the solar heat) and 
the tides_(the product of the gra,·itation impulse) bring about the de-

. struction of the exposed portions of shore against which their move­
ments act with destructive energy. .A. portion of the celestial· force 
operating through organic forces constructs a system by which this 
wasting is in part compensated and the balance of land and sea pre-
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served. Through its action the fjords are gradually closed and the in­
dented coast is brought again to the form of straight shore lines. 

The aggregate work performed by the plant and animal life in con· 
structing the marine marshes and tidal mud-flats along the New 
England shore is very great. The total area of the true ·salt marsh 
lands don btless exceeds 200,000 acres. 'L'he average depth of the de· 
posit, as determined by some score of observations, may be taken at 
6 feet. Thus the total mass of the upper or true marsh amounts to 
about one-third of a cubic mile. · 

Besides the upper ·marshes, which in fact constitute only a small part 
of the work done by organic life on the New England shore, we have 
the mud,flat and eel-grass layers. These together form a deposit which 
has an area of at least 300,000 square miles and an average thickness of 
at least 12 feet. Observations on the thickness of .this deposit are not 
sufficient to determine its thickness with accuracy. It may be found 
on the average to exceed 20 feet in thickness. Taking the lea8t meas­
urement which can be assigned as the thickness of the mud-flat and 
eel-grass layers, we have a total mass for the deposit amounting to 
nearly a cubic mile, which, with the deposit composing the upper marsh 
area, makes au aggregate of about I§- cubic mile. 

The above total does not include the. materials gathered in these de­
posits which have been swept out to sea and deposited beyond the 
eel-grass layer. No basis exists for computing this matter, but it i8 evi· 
dently a large amount; it may much exceed that which remains in the 
deposits. · 

Although only a part of the matter contained in the above-men­
tioned beds is really of organic origin, the whole owes its position 
mainly to the work of organic life. 

ECONOMIC PROBLEMS CONNECTED WITH MARINE SWAMPS. 

A portion of the facts connected with marine swamps bas a definite 
economic importance and will therefore be treated under this ltead. 
This matter is divisible into two branches: first, the effect of these 
swamps on the harbors of the coast line; and, secondly, the use of these 
swamps for agricultural purposes. 

It is a well known fact that nearly all the harbors of all coast line~'! 

are subject to a gradual filling by the incoming sediments. When the 
winds blow toward the shore the waves urg(' the tletritus which they 
carry fmther i'n toward the recesses of the shore. When tlle.r blow 
from the shore the waves have so little transporting power that they do 
not return the detritus back into the sea. 

The return of this detritus to the sea, if accomplished at. all, is brought 
about by the action of the tide. The tidal action is more effective iu 
transporting sediment from the harbor to the sea than in the reverse 
direction, because the slopes of the sea floor 'are to the seaward. The 
reader will readily perceive this fact hy considering that if equal amounts 
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of force are applied to rolling a ball alternately up a!ld down a slope 
twice a day for many thousand ~·ears, although the slope be of very 
slight declivity, say less than one degree of inclination, it is evident that 
there will be a constant tendency of the ball to work in the direction 
in which the surface slopes. This is essentially the condition of the 
sediments in our harbors; they lie on surfaces which slope to the sea 
ward and the tide meets with a little more resistance in urging them 
up these slopes than in dragging them downwards. There is an addi­
tional though variable tendency to a seaward movement of the sediment, 
due to the efflux of the land waters. This is particularly evident in the 
case of narrow fjords like that of the Hudson, through which a large 
stream discharges its waters into the sea, but in most cases the influence 
of the land waters in the scouring of the harbor is small. In Boston 
Harbor, for instance, the rivers, though of some size, have ·little scour­
ing effect except in their own channels. 

Thus we see that the amount of tidal flow which passes through the 
water-wa;ys of a harbor is a matter of great economic importance; any­
thing which serves in any way to diminish the volume of the tidal flow 
may give the persistent waves a chance to close the harbor with the 
sediments they are constantly urging into it. This importance of the 
tidal flow in the regimen of our harbors has long been recognized. The 
commissioners in charge of the most important ports take great pains 
to guard their tidal basins from infringements which may lessen the 
volume of water which passes through the important channels; they do 
not allow any of the areas flowed by the tide to be filled unless an equal 
water-storage area is provided by excavations. It has been found by 
experience that the extensive filling of tidal flats in the days before the 
harbors were properly controlled by law l;lad a decided tendency to 
shallow the water in the ways by which the tidai wave passed to and 
from the sea. 

These experiments, as well as the theory of tidal action, make it 
plain that the extensive accumulations of the salt-water marshes muRt 
exercise a great influence on the scouring action of· the tides, and that 
this tendency must generally be to diminish the energy of their work. 

There can be no question that the restriction in the tidal area due to 
the formation' of the marine swamps bas greatly contributed to the fill­
ing up of the harbors in which they have been formed. In the system · 
of inlets about Boston Harbor nearly one-half the total original area has 
become occupied by these swamps. The average original depth of the 
water on this marsh-covered area at high tide was probably not less than 
20 feet. At the present time the depth of water at high tide will not 
average much over a foot. 

Thus there is about one-half less tidal flow through the inlets of the 
harbor than existed when the shores. attained their present po!Sition. 
As will be seen from the list of the tidal marine swamps given in the 
last part of this memoir; or as can be better judged from an inspection 
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of the admirable Coast Survey chart of the New Eugland shore, these 
swamps are most apt to form in the more interior varts of the fjords, 
where they are in a position to do the most in diminishing the flow of the 
tide. Unless the rapid growth of these marshes is restrained by artifi 
cia! means tbey will in time diminish the depth of the water in all t1H~ 
harbors where they are extensively developed. 

The rate of growth of these marine marshes is not determined. At the 
few points where I have been able to get any observations upon it the 
conditions had been so perturbed by recent artificial changes in the nm 
of the currents that these observations Lave no value in reference to 
the normal advauce of the· shelf on the shallow water. It is evident, 
however, that the growth is on the average extremely rapid, for the 
reason that at many points the front of the sheet of the upper terrace 
has gone forward from 5,000 to 10,000 feet since the growth began. At 
present, however, the growt,h is evidently much slower than in the past, 
for the reason that the shallow-water areas have been generall.Y covered. 
by the marsh growth, and the further advance is resisted, not only by 
the depth of the remaining areas,. but b,y the friction of the tide against 
the border of the upper tgrrace. 

In a certain way the growth of these swamps may be regarded as 
preservatiYe of the harbors. The inorganic matter which is employed 
in tbeir conRtruction is that which is brought into the harbors by the 
tidal currents or washed from the neighboring shores; this material 
alone would accomplish a great shoaling of the water. The growth of 
the upper marsh shelf against the tidal current, as before described, 
causeA the main tidal ways which traverse the marshes to retain at least 
their original depth and in some cases to scour ont much deeper chan­
uels than they at one time occupied. In this way the navigable inlets 
of the Charles, the Mystic, the Saugus, and other rivers have been. 
formed and maintained, where if there had been no constriction of their · 
ways these fnlets would at low water have bad no definite cbanuels. 

Thus it may be said that while the salt marslles tend on tiJC whole to 
destroy harbors they also tend to develop and presen·e certain narrow 
ebannels through which tbe water which nourishes and extends the mo­
rasses finds its path. In a word, their tendency is to convert broad har­
bors into narrow channels. 

·we now come to the second economic consideration, viz, to the prob­
lem of gaining these marshes to the use of man .. TI.Jis qtwstion can only 
be set forth in a very general way, for the complete discussion of the 
matter would require an extended treatise. It should at the outset 
be noticed that the utilization of these deposits for agriculture is by no 
means a new problem; essentially similar areas in Northern Europ~ ha\·e 
been extensively reclaimed. A large part of the agricultural grouudt> 
of Holland and extensive areas .in·other northern parts of Europe were 
originally iJ? the condition of the salt marshes aml mud-fiats of our At­
lantic coast. As has been already im~icated, extem!ive areas of these 



SHALER.) ECONOMIC PROBLEMS. 377 

deposits have already been won from the sea along the shores of the 
Bay of Fundy. Not less than 60,000 acres of such reclamations have 
been made during the last century in that part of the American coa,~t. 
Some experiments have been made in winning these grounds to agri­
culture along the New England coast, but in most cases they have 
ueen limited to the simple task of bettering the natural drainage, so 
that the marsh bay which they produce could be more easily harvested. 
Where efforts have been made to exclude the sea and actually till the 
land they have sometimes been unsuccessful, owing to the failure of 
those who carried on the trial to see the true conditions of the work. 
It is wry much to be regretted that these experiments were not directed 
uy some one trained in the work as it is effected on the northern shores 
of Europe, who could have brought to the task the accumulated experi­
ence of centuries; if this had been done it is tolerably certain that the 
process of turning these American marshes to agriculture would 119w be 
\Yell advanced. 

2 

FIG. 54.- Sections showing the structure of marine marshe•. 

Spong Pta/12 in. 

Compact Pta/ SO in. 

Ed-gnmGay 
titplk r;o~ lnuwn. 

1. Saugus marshes. 2. Charles RiYer marsh. 3. Pll1m Island marsh, north end. 4. Plum Island 
marsh, south end. 

In conl:iideriug- the fitness of this extensive area for the uses of agri­
culture we should first notice, once ag'1in, the fact that the deposits 
generally consist of three distinct levels (see Fig. 54): first, the eel-grass 
level, which is too deeply buried in the water to make its winning to dry 
ground possible in the present state of our agriculture. Next higher come 
the mud-flats; a part of this deposit is generally within limits of height 
which make its redemption possible. A very large amount of these 
mud-flats lies within six feet of the high-tide level. In the area from 
Portland to New York probably more than one-half of the mud-flats 
lie within that limit of height. It is only when this mud-flat level has 
grown to within about 5 feet of the high-tide mark that the upper ter­
race succeeds in covering it. 

Thus a general section throug-h the whole marine marsh-including 
that formed in the eel-grass, that formed when the deposit was made 
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on the mud-flat, and finally the last formed and highest salt marsh 
proper-is made up of three sections, which have a decided diversity in 
their character: the lowest deposit is generally of a clayey nature, though 
it is often mingled with sand or pebbles and marine shells; the section 
formed on the mud.flat is composed of clayey materials, but it generally 
contains more vegetable and animal matter than the lowest-lying mass. 
The latter deposit is mainly composed of the part of the upper terrace 
which is broken up by the waves. This middle or mud-flat part of the 
section lms every element necessary to form a very fertile soil as soon 
as the salt with which it is charged is decomposed. The upper layer, or 
shelf, of the salt marsh contains a good deal of clay and much animal 
organic waste, but its principal component is vegetable matter. This 
carbonaceous matter varies in a diminishing ratio from the surface 
downward. Six inches from the surface the average of several anal­
yses taken from different points near Boston, 1\Iass., gives about 50 
per cent. of carbonaceous matter, while at three feet from the surface the 
amount probably does not exceed 20 per cent. ·This part of the marine 
marshes evitlently contains far too muoh vegetable matter, at least in 
its superficial layer, to make a satisfactory soil. The proportion of com­
mon salt is also excessive. 

If the process of winning these lands from the sea is to attain a full 
measure of success, it must take account of these features. Steps must 
be taken to get rid of the superfluous vegetable matter by permitting 

. it to rot and time must be given and the conditions made favorable for 
· the decomposition of the salt or for its washing away by the water. In 

all the experiments hitherto tried.on the New England shore, the farm­
ers seem to have expected that immediately on the f{mcing out of the 
sea that the land would be fit for the plow and for the planting of any 
crop. In practice they have sometimes found that the first result was 
to destroy the value of the marsh for its natural crop of salt grasses, 
while, for some time, it was unfit. for the growth of the land grasses or, 
in fact, for anyother valuable crop except.oats. Deep plowing, under­
drainage, and the necessary patience with the process of changing the 
conditions of the soil ha"e usually been wanting in these experiment.;:. 

In an effort to win these soils to the plow the farmer would do well 
at the outset to select those parts of the area where the upper terrace 
deposit is the thinnest, not, as has always been done, choosing those 
~places where the level of the marsh was the nearest to the high title 
line. A general determination of the depth of the less tillable upper 
terrace can easily be made by means of simple observations on the alti­
tude of the mud-flat which lies outside of the upper marsh. The upper 
element may be assumed'to extend downwards to the level occupied by 
the top of the mud-flat. This may be verified by the· proper borings, 
which may be made with the implement known as a post-hole auger or 
by any other means. The proportion of vegetable matter may easily 

I 
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be determined with sufficient accuracy by burning a pound of the rna· 
terial, weiglled after it has been dried in an ordinary oven,. then beat­
ing the same to redness in an iron vessel upon a fire, and afterwards re­
weighing the mass. If the amount of vegetable matter does not exceed 
one· half the total weight for the upper two feet of the section, as will be 
the case if the weigbt of the mass does not diminish by more than 50 
ller cent. under this treatment, then the upper swamp can easily be 
brought into a condition for cultivation. If the proportion of vegetable 
matter much exceeds this amount, the difficulties of bringing the surface 
into a good shape for tillage will be increased. 

The first aim of the cultivator should be to make sure of the exclu­
sion of the sea. This can generally be effected in the following manner: 

·where the lands are not open to the broad water, a simple closely­
set row of stakes or piles should be driven two feet or more into the 
earth. TheRe stakes should rise at least two feet above high-tide mark, 
and more if the waves from the open water make additional height 
necessary, and tlley sllonld be sheathed by planking on the inmw side. 
Behind them there should he a stout rampart of sods and earth, the sods 
being placed against the close-set stakes and. on the inner .side of the 
barrier. This rampart, if its height be 6 feet, should have a base at least 
·as great as its height. It may ad \"antageously be secured on the inner 
side by means of planking or a row of Rtakes for a portion of its height. 
Such a simple dike will Rerve for most small areas .when the barrier is 
not much exposed to the action of the waves. 

WeJl.constructed automatic sluices should be provided fort he escape of 
the land waters, so arranged that the ordinary level ofthis water should 
not come within three feet of the level of the soil, and, if possitle, as 
much as five feet of clear elevation above the standing water should 
be attained. Sufficient catch pooh,; should be provided for the recep­
tion of the land water during the time when the tide is too high to per­
mit its discharge. This can usually be contrived, without the expense 
of excavation, by inclosing a portion of the open channels that trav­
erse the marsh or parts of the low·lying mud.fiats always bordering 
the swamp on the sea side. If the expense of this work is to be con­
siderable it will in all cases be desirable to have the dike planned by 
a competent engineer. These suggestions are meant rather for the' 
guidance of those who desire to make small experiments than for those 
who intend to undertake large enterprises of this nature. 

B aving secured the area .from the invasion of the sea, the next care 
of the cultivator should be to bring about the most rapid decay of the 
,·cgetable matter contained in the uppermost part of the marsh and the 
decomposition of the salt which it contains. 'l'his will, in the course of 
years, be accomplished by the natural process of decay; but the process 
proceeds slowly unless it is hastened by artificial means. The spongy 
character of the marsh causes it to hold moisture in a firm way, and as 

f-
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long as it is moist its decay is retarded. Deep plowing is therefore an 
indispensable requisite in the process of betterment. 

After a year of exposure the nptumed grot1nd will commonly be ·fit 
for crops of oats, but it will be at least three years before tile surface will 
be found in condition for general tillage. 

Those who undertake the improvement of our swamp lands will do 
well to limit their work at first to a small area, IJOt exceeding a few acres, 
so chosen as fairly to represent the general conditions of the reclaimable 
areas and to avoid the difficulties which come from the invasion of the 
land waters in times of flood. Wherever there are large areas of 
marshes there is a great field for selection in this regard. The expe· 
rience gained on these limited fields may then be extended to larger 
areas. 

The principal difficulty which will have to be encountered in utilizing 
our American marshes tor agriculture will arise from the excessive rain 
at certain seasons. ·where the tide has a fall of less than six feet this 
difficulty can genera II~, be met by the use of storage basins with sufficient 
exit ways to be automatically opened in the low state of the tide. On the 
more sonthern shores of the United States-all those in the region south 
of the Delaware Bay- it is likely that any effectiYe work of drainage will 
have to be counected with a more costly method of removing the water 
by means of windmills operating pumps, as is now done in Holland mid 
elsewllere in l!Jurope. This is perhaps not practicable- in the .preseut 
condition of American agricnlture1 and may not be so until the increase 
of population puts a higher value on tillable ground. Still these south­
ern slllt marshes and mud-flats constitute a most valuable reserve of 
lands which will llereafter be won to man's uses. 

The great advantage of the more northern marsh areas is found in 
the fact that they are generally near the larger centers of population of 
the country, where they will have a high value as market-garden soils 
or fields for the raising of hay. 'When brought into their best st;.tte 
such areas will, measured by the price set upon other la!JdS in the same 
neighborhood, have a value of not less than $200 an acre. As the to­
tal reclaimable area between New York and Portland probably exceeds 
200,000 acres, the money value in their best state will amount to at least 
$40,000,000. The cost of reclaiming these areas and reducing them to 
cultivation should not exceed the fifth of this sum. 

It may be noted that from the chemical composition of these soils 
they are practically inexhaustible and that from their position they are 
often well placed for irriga~ion. 

South of the New England shore the marsh area is much more exten­
sive than in that region. It is probable that the improvable marshes of 
the Atlantic coast amount to at least 3,000,000 acres and they may ex­
ceed double this amount.. As yet too little is known of their conditions 
to make it worth while to discuss their prospective value, but it is evi­
dent that they are well worth a serious inquiry. 
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DETAILED ACCOUNT OF SELEC'fED AREAS OF SALT-MARSH LANDS, 

It bas not seemed desirable to give a detailed description of the ma­
rine marshes which are noted in the following catalogue. The descrip­
tions given below concern only two of the most important areas. That 
describing the Plum Island marsh is given because the marsh in ques­
tion is the largest ·connected. area of such land on the New England 
shore as well as. one of those most favorallly placed for improvement. 
The account of the Green Harbor rivers is warranted by the fact that 
it has been the seat of the most important experiment in winning these 
marshes to agriculture which has been essayed on any part of the shore 
north of New York City. 

PLUM ISLAND MARSHES. 

The Plum Island system of marshes near Newburyport, Mass., is 
perhaps the largest of any of the swamps of this description which 
exist north of Long Island Sound. If we take into account the con­
nected areas of marine swamp lying to the north and south of those 
on Essex, Ipswich, and Hampton Rivers, the total area is more consid­
erable than any other of the northern. salt marshes, amounting in all, 
as will be seen from the appended catalogue, to over 20,000 acres. 

It Is worth while to give some special attention to this Plum Island 
district, for the reason that it shows more perfectly than any other area 
in New Euglaud the general way in which these structures are formed. 

Any geiiflral map of New England will show that this district lies at 
the innermost- part of the Bay of Maine, a deep re-entrant of the 
coast between Cape Ann and the mouth of the Bay of Fundy. The 
shores of this great bay were at the close of the glacial period deeply 
covered with detrital matter, which has been i_u goo~ part swept iut_o 

· the sea; In part this work of removing the glacial waste to the sea 
was accomplished during tile gradual retreat of the sea immediately 
after the close of the glacial period; in part it bas been brought about · 
by 1 be action of tbe waves and tides upon the shore since the close of 

. that time. In this region there has also been an extensive cutting away 
of tile drumlins, till, and terrace drift since the sea acquired its present 
level. The sea to the eastward of this shore abounds in shallows which 
were probably land areas aboVE the. level of the water for a time after 
the close of the last glacial period, but hiwe since that time been. worn 
away by the waves. From these Yarious sources the sea acquired pos­
session of a large quantity of sand, which has served to sbaliow its bot­
tom to the po~nt wilere the waves, _in periods of violent storms, could 
urge this saud towards the shore; the waYes acting on the shore and 
the currents which they induce have served to convey a large amount 
of this sandy and pebbly matter to the bottom or most re-entrant part 
of the gulf. 
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The first result of this action was the shallowing of the water for a 
mile or two from the shore to a depth which made it possible for the 
waves to break in periods of great storms. This created a barrier beach 
along this part of the shore from Little Boars Head to Annisquam River, 
a distance of about 22 miles. As will be seen from the Coast Survey 
chart, tlli s portion of the shore forms a gently re-entrant curve; only 
at one or two points, as at Great Boars Head, does the mainland break 
upon the continuity of the barrier beach. Tlle only considerable inter­
ruptions to the continuity of this beach were formed by the action of 
the tidal and land waters, which, during the growth of the barrier, kept 
open several exits. These are at the mouth of Essex River, Ipswich 
Rh·er, and Merrimac River. At present there are only four of these 
inlet.s through the beach. There may have been more of these inlets 
before the scouring action of the tide was diminislled by the lessen­
ing of the inclosed water basins through the formation of the peat 
marshes. As this space for the tidal waters diminishes, the outgoing 
mass of water becomes less and less able to maintain an open way 
against the sand, which is constantly heaped across its path b~' the 
action of tlle waves. One such exit has recently been closed-that at 
Hampton Beach-and that at Hampton Harbor is in danger of closure. 
When this closure of an exit occurs, the imprisoned waters are driven 
to find a way through the neighboring openings to the sea. 

A . Bed rock. B. Snml and gravel. C. Eel grass layer . D. Upper marsh . 

. F JG. 55.- Diagrammatic sect ion tbrongb Plnm I sland . 

When this barrier beach was :first created it seems to have been im­
perfect and much nearer the shore than at present. There are slight 
traces of such an ancient beach visible at various points in the marsh 
ground. When the outer beach was formed these original barriers 
seem to have been reduced to the level of the marsh by the action of 
the wind; they are now brought down to about the sea level, and · are 
only indicated on the marsh by a slight ridge in the swamp area or the 
worn-down remains of the dunes dug out to their bases by the winds. 

The formation of the marshes seems to have begun immediately after 
the formation of this outer or existing beach. The time when this ridge 
began to form cannot have been very remote; for, although it is widen­
ing with great speed, it has not yet attained to a width of more than a 
thousand yards, except in the extreme southern part, where it is a few 
hundred yards broader. 

As the duue mass grows by accumulations made on its seaward face 
it loses on the landward side, the sand being blown over the surface 
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of the salt marshes. A.t certain points this blown sand forms a con­
siderable element in the marshy matter. 

It is probably to this cause that we owe the shallowness of the streams 
within the area of the marsh, which are notably less deep and have more 
sandy bottoms than those at other points along the shore. These sand 
invasions are particularly conspicuous on the northern end of the Plum 
Island marshes, near the line-of the turnpike which connects the island 
with the mainland. Here the marsh is not over 2 feet in depth, and a 
considerable- portion of this shallow deposit is composed of sandy 
matter. 

The Plum Island marshes are very well placed for utilization: not 
only is the area very large, including many thousand acres, but the 
channels which traverse the area are, on account of their shallowness, 
but little useu for boat llarbors or any other purpose. The fresh water 
which pours through them is small in amount. The dam required to 
shut off the sea would not be costly when the area reclaimed is consid­
ered. The length of t-he dam required at the southern end will not ex­
ceed 3,000 yards ; the dam at the northern end is alreauy maue by the 
embankment of the Plum Island turnpike and only requires :flood-gates 
to control the water iu channels about 200 feet in width. The greatest 
depth of water at high title on the line of this dike will not exceed 
about 20 feet, and this for only a small part of its length. The average 
required height of the dam will probably not exceed 10 feet; an abun­
dance of clay for the structure could be found immediately at the west. 
ern end of the proposed- dike. Its construction will be by no means a -
difficult engineering problem: The water storage spaces within the 
area are so large and the places for exit sluices are so extensive tbat 
it will be possible to lQwer the level of the water at least 5 feet below 
the surface of the marsh. 

There is perhaps no point on the shore north of New York wllere so 
large an area could be secured from the sea at so slight an expense and 
witll so small an effect on the harbor interests of the coast The flow 
from these marshes through the exit of Plun;t Island River is small 
in quantity and in the main occurs in the first hour or two of the ebb. 
It is only at the Ipswich channel that auy damage to important har­
bors could occur. There would undoubtedly be certain changes in 
t-be altitude of the sand-bars at this point in case these Plum Island 
marshes were barred from the tide, but how far these changes would 
atlect the depth of water at the entrance to Ipswich River it is not easy 
to determine. It seems evident, however, that the injury to this port 
would be more than counterbalanced by the additio

1
n of this great area 

to the agricultural value of the district in which it lies. The present 
agricultural value of these marsh lands does not exceed about $10 au 
acre, or a total of say $150,000; if they should become worth $200 an 
acre tlley would represent a value of $3,000,000 and would maintain an 
agricultural population of about five tbousanll souls. 
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It should be noticed that the Coast Survey map includes only about 
three·quarters of the total mariue marsh area which would be recovered 
by the proposed improvement. 

GREEN HARBOR RIVE;R DIKED LANDS. 

The diked lands of Green Harbor River (or Cut River, as it is some· 
times misnamed), in the town of Marshfield, Mass., constitute the most 
extensive experiment in the improvement of marine marshes which has 
been undertaken in New England. Although, as will be seen below, this 
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experiment has been carried on under somewhat exceptional conditions, 
the results are of great value from the light which they throw on the 
general economic problems involved in such enterprises. The Green 
Harbor River marshes cover an area of about 1,250 acres. · They are 
separated from the sea by a barrier beach, formed by the action of the 
waves in the manner indicated in the first section of this report. From 
an early day, perhaps from the time of first settlement of this district by 
Europeans, in the seventeenth century," this beach was so continuous that 
the water found a difficult entrance to the marshes through channels 
leading in from Duxbury Bay. Thus, although these marshes had origi­
nally been in free communication with the sea, they had for many years 
been so far shut off' from the incursions of the salt-water that at points 
farthest from the ocean the swamp had become brackish and many laud 
plants could find root on its surface; moreover, the friction of the in-

. coming sea· water in its tortuous channels was so great that thehighest 
tides did not completely cover the area of the marshes. 

FIG. 57.-Green Harbor River diked marshes. From Coast Survey charts Nos. 109 and 110. Scale, 
~ 

In 1810 a channel was cut through the sea wall at the point where is 
now the entrance of Green Harbo~ River. This entrance was quickly 
widened by the action of the tide, so that the sea speedily recovered all 
of the ground from which it has been partly excluded for some years. 
It is likely that this cutting merely reopened an inlet which had been 
closed by the action of the sea; it must have been a very low barrier, 
for, according to tradition, it was cut through in a night by a party of 

6 GEOL-- 25 
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fishermen. The low nature of the sea wall clearly indicates that there 
was originally an inlet at this point. 

The result of this o pcning of the swamps to the readier incursion of 
the tide was at once to narrow the limits of pasturage lands along tile 
shore of the marshes, to the detriment of the farmers' interests. After 
many years of debate, it was determined· to apply to the legislature for 
authority to close tile reopened inlet. This was granted, and in 1872 the 
dike was constructed at the expe·nse of the adjacent landholders, a tax, 
for its construction being laid upon all those whose lands were to be bene­
fited by the impro\'ement. At the time the J;roject was essayed tile lands 
were, to a great extent, lield by persons wllo were unable or unwilling· 
to meet the cost. The swamp lawls were then valued at an average of 
not more t!Jan $5 an acre, those best situated selling for about ~15 an 
acre. Such was the doubt concerning the issue of the unuertaking that 
a large part of the owners sold their holding;s to persons who bought 
them on-speculation. The dam ~as built at a greater cost than the needs 
required, the total expenditure for it amounting to about $30,000. It 
proved entirely successful in keeping out the sea, but the sluice-gates 
were not large enough to lower the level of the waters in the marsh to 
more than 4 feet below its surface, while 6 feet of lowering was desira· 
bli.1. No system of side ditches was undertaken, although they were 
imperath·ely required for the proper draining of the. great area of the 
swamp. . 
_ 'fhe effect of this ~xclusion of tile sea was imm.ediately perceptible. 

In one year after tile completion of the dike a small portion of the land 
was sowed in English grass, witllout .any plowing of the ground what­
ever; the second summer from the time of sowing- i. e,- tllree years 
from the time wllen the salt Wltter was excluded- this land gave ex­
cellent crops of hay. 
· Immediately upon the exclusion of the sea, the small anchorage at 
Green Harbor village, which had served the needs of a few fishermen 
and gunners for water fowl, began to 8ilt up owing to the fact that the 
outgoing tide from the interior marshes no longer scoured out the chan­
nel. Although the economic irnport~~nce of this change in the little 
harbor was slight, it led to a conflict in the courts, which was decided 
in favor of the O,Fners of the dike. Some of the fishermen then endea1:· . 
ored to remove the dike by force; twice the timber part of the dike at 
the sluice-way was blown up with dynamite, once in ltD efl'ective man­
ner.. A third effort was frustrated, and a man is now under bonds for 
trial for the offense. 

The result of these regrettable conflicts has been to l'etard the work 
of culture._of these lands, which have been fairly won from the sea and 
are secure from all natural dangers. Only about 100 acres of this area 
have actually been brought int.o tillage, and this in a very imperfect 
manner; the farmers, all men of small capital, are uatura11y unwilling 
to venture expense in subjugating and planting lands which may be 
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flooded whenenr a mis.creant succeeds in breaking uowti the barrier 
which protects then; from the sea. The speculators, who control a large 
part of the lands, are holding them for the price ·which they may ex­
pect to obtain when the dam bef~omes well secured against molestation. 
At present this barrier has to be guarded day and night by watch­
men. 

The work of tillage bas alremly shown that the expectations of gain 
from the improvement were well founded. Although none of the land 
has been properly ditched and the plowing has b'een of a very poor 

- . sort., 'excellent returns baYe been won from th~ soil. 
The crop requiring the least tillage is hay; this is ~aiel to yield as much 

as two tuns an acre at the principal cutting, even in areas where the soil 
has received no plowing or other care. It is sai<l that on well-prepared 
land much larger _yields have been obtained. With a slight plowing, 
tbe·f'ollowing crops have been planted and have yielded returns as fol­
lows: Oats, 45 lmsllels to tlle acre; rye, 40 bushels per acre; wheat, 
said to yield well, but amount not determined; maize, a variable crop on 
account of its intolerance of salt, but 75 busllels to the acre have been 
harvetlted; of onions, large crops are obtained, but the quantity to the 
acre has not been determined; potatoes· yield large crops. 

I cannot ascertain that any crop has as yet failed to show a fair promise 
in this soil. 

The criticisms that are made on the soil are that it is rather wet 
and that the light top mold is apt to wash away, leaving the tough 
roots or'tbe dead salt-rnarsh grass exposed. This latter difficulty &eems 
only to be met where the soil has been planted in grass without any 
tillage, and is doubtless avoidable by a proper system of plowing; The 
former difficulty is clearly due to the absence of proper ditching, as is 
shown ·by the fact that the land within 100 feet of a ditch is generally 
dry enough for all needs, despite the fact that the water level is never 
more than about four feet below the surface of the land and is often 
within three feet of its level. 

The principal point in the economic problem has thus been satisfac­
torily determined by the experience in these improvements; the land 
has proved fertile and tillable. The ordinary crops of the country do 
well upon it, aiHf their growth promises to prove more and more satis­
factory as the ground is longer tilled. The elements of difficulty which 
have been encountered are in good part unessential, though they have 
a v.ery distinct bearing on the management of such enteq)rises in the 
future. There bas throughout been a great lack of business skill in the 
management of this property. If the work bad been in the hands ·of' a 
strong company, success would ha-ve been attained sooner than it has 
been. The dam probably could have been built at less expense, and the 
wat~r could b~- proper sluices Lave been kept at a lower level. The 
]ands would have been sufficiently ditched, and it would probably have 
been found advantageous to plow them once b~ steam-power, thus break-



388 EASTERN SEA -COAST S\VAMPS 

ing up the mat of grass roots which make _plowing by the ordinary 
means a difficult process. Above all, such a company would have given 
.a measure of security against willful injuries to the dam, which it is not · 
easy to effect under the present management. Again, the company 
might have found it well to bring upon the ground agriculturists from 
the Netherlands, or other countries, who are familiar with the use of 
such lands, thus winning some of the experience in a work which is un­
familiar to New England farmers, but is well known to those of North­
ern Europe. 

Some of the promoters and owners in this improvement estimate the 
original value of these lands at $5 au acre and the present value at --' 
$250 an acre. The latter estimate, though apparently high, seems fairly 
to be based on the crop returns. To secure on the best upland soils 
of the neighborhood yields similar to those won from the unmanured 
marshes requires, it is said, the expenditure of at least $25 per annum 
in manures. If this be the case, and if, as seems likely, the marshes 
can be cropped for twenty years or more without fertilizing and with 
no greater expenditure of labor than is required in the uplands, their 
lands, when properl.}' prepared for tillage, should have at least the value 
above assigned to them. 

If the preparation of this area of marshes had been carefully con­
ducted, the dike would probably have cost not over $15,000; the ditches 
properly required for the beginning of systematic tillage, about $30,000, 

·· or a cost of about $40 per acre, to which, if we add the original value 
of the land, we shall still have a cost of less than one-fifth its estimated 
value. · 

An examination of the area of marshes shows some interesting features, 
which have a distinct bearing on the problem of winning similar grounds 
to tillage. It is evident that a certain amount of subsidence has occurred 
from the decay in the vegetable matter in the mass. It is not easy to 
determine the average amount of this change in level, but it probably 
amounts to somewhere near 8 inches over the whole surface. It is likely 
that it will increase to about double that amount. 

On examining the untilled part of the swamp, it is clear that the salt 
tends to work to the surface, especially during a period of drought. 
There is a distinct coating of saline matter, partly decomposed, dis­
posed in tbe form of patches over t:Q.e areas at a distance of a few hun­
dred feet from the natural drains. This is not observable on the tilled 
portion of the marsh. It is due to the upward working of the im­
prisoned salt water, which rises to replace the water which is evap­
orated at the surface. This upward working of the saline matter will 
doubtless be-interrupted by the pr-ocess of tillage. In a few years the 
limited supply of salt will be exhausted, especially if the area shall be 
guarded from any abnormal invasion of salt water, such as was brou_ght 
about by the recent blowing up of the sluice-ways. 
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PRINCIPAL AREAf;l OF SALT MARSHES BETWEEN THE HUDSON RIVER 

AND PORTLAND, ME. 

The following list has been prepa.red with the view of giving the more 
·important facts concerning the distribution of the areas of salt marshes 
between New York and Eastern Maine. Unless otherwise stated the 
estimates of areas are taken by approximate measurements from the 

. United States Coast Survey printed· charts. They are in most cases cor­
rect within a limit of error of less than one-twentieth of the estimates. 
The area of the mud-flats) which in the majority of cases are largely the. 
product of the action of the waves in the upper or true marsh level, is not 
gen~rally given. In the region south and west of Boston tliis mud-:fl~t 
area lies within the limits of reclamation, and will perha,ps add one-fifth 
to the area of winnable laud in that part of the coast. North ·of Boston 
the increased height of the tide makes it a matter of serious expense to 
defend the lower-lying mud-flats frC\m the sea; still, nearly the whole 

· of their surface in the region south of Portland is far within the 
limits of the conditions under which such lands have been won in Hol­
land. It is much to· be desired that a eareful survey of these and the 
other swamp deposits of the Atlantic coast belt be made. This should 
include a comparison between the American coast marshes and those 
of North Europe. It will be well to have these studies include also 
the similar formations on the Pacific shore. 

Besides the areas given in the following lists, which are taken from 
the Coast SurveY. charts, there is a considerable quantity of salt marsh 
land I_ying farther inland than these maps extend. There are as yet no 
satisfactory topographic data for estimating this unmeasured area, but 
from the best accessible sources of correction it seems likel,y that these 
unmeasured portions of the sea marshes amount to not less than one­
twentieth of the area given below.· The measurements as given were 
made from the printed sheets of the Coast Survey charts by means of a 
planimeter of French manufacture, maker unknown. The instrument 
has been l'epeatedly tested by comparing its measurements with those 
where other forms of measurement have been obtained. The results 
have appeared to be more trustwo~thy than those attainable by any 
other mode of determining tlre areas which could be applied. 1 

The position of the areas is indicated by the latitude and longitude; 
t.hey are likewise designated by the name of the nearest-named river 
or inlet as given on 'the map. · Owing to the obscurity of the divisions 
between many of these marsh areas it has been found necessary to as­
sume divisional lines; these appear on the original record maps, but 
they are stated in an arbitrary way in this catalogue. It will be ub-

' A careful t-esting of the planimeter on twenty selected areas has establish~• I the 
probable combined error of iust.rnment and observer approximately as follows: For 
an area of 40,000 acres, 260 acres; for an area of 1,000 acres, 30 acres . . 

# 
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served that the Jist stops near Portland, Me., few of the marshes to· 
the east of that line appearing in the catalogue. 

The total area of these marshes witllin the State of Maiue is not large 
and a considerable portion of the coast, viz, from Mount Desert to Calai&, 
is not yet mapped. It therefore seemed unnecessary for the purpose of 
this memoir to extend the measurements east of Casco Bay. The warsh 
areas on Martha's Vineyard and Nantucket islands were not measured. 
On the maps of these districts the marshes are imperfectly designated.· 
The_y are, in fact, curiously blended with the saud flats, and, owing to 
the frequent closure of the lagoo:ns in wLich they are formed, it is hard, 
in many .ca~es, to determine whether they belong to the salt or to tile 
fresh water group of marshes. Dl'tailed geological reports on these 
islands are now in preparation ; in them the condition of these marshes 
and their fitness for improvement will be carefully cousidered. I am 
indebted. to my assistant, Mr. Alfred Church Lane, for the measure· 
ment_s and computations gi.ven in the following catalogue. 

Ca.talogue of tit e larger salt mm·sltes of ~Neu· England and Long Island, N. Y. 

[The worrl "incomp Jete" indirntes that tile ma1sh extcmls fnJtller in tlllm tile area mapped on the 
Coast Survey sheet. 'Vhere tl1e number of acres is l>rncketed [ ] it indicates the area including tlw 
surface of inclosed water. An intenogation mark? shows tllat the accuracy of the measurcmeut is 
donhtful.] 

------ ------------;----------------.-

Nnml>e~· antl name Latitule Longi-
of chart. c · tude. Locality. Area in 

acres. 

107. Seguin Island 

to Kennebunk­

port, Me. 

108. From \V ell~ to 
Cape Ann. 

0 1. 

"43 18 

43 21 
4:~ 21 
43 21 

4:3 22 
4:~ 23 

4:~ 25 

4:l 27 

4:l 28 
·43 30 
43 33 

43 35 
43 48 
4:1 49 

43 44 

43 46 

42 37 

42 :JS 

.0 
70 34 Wells Village; one='tenth water _ . _ 

70 32 Little River_ ........ _ .......... _ 

70 30 Coast to Kennel>un kport __ . ___ . _. 

iO 26 Vaughn's Island and neighbor-

70 2& 
10 2;; 

70 23 

70 21 
70 24 
70 23 

70 20 

hood. 

Sampson's Cove ................ . 

Goosefair Creek, both branches._. 

Little River .......... _------ ... . 

Back of Fletcher's Neck. ..... _ .. . 

Saco River ....... _ .......... _ ... 

So nth end of Old Orchard Beach _ 

Sr·arl>oro Beach and Prout's N~ck; 

incomple,te. 

70 Iii Spurwink River ...... _ ......... . 

70 09 YarmonthR1wr ............... . 

I, 2Gii 

176 
:J36 

48 

16 
304 

272 
128 
144 

20tl 
1, 265 

4d0f 
32 

70 09 

69 49 
69 46 

Cousin's River .............. · .... _ 64 

70 41 

70 4;j 

Morse River and Atkin's Bay~--- 569 
East side of month of Ket1nebec.. 32 

Sqnam River: one-half water .... S[l, 376] 
' ·' l 688 

Essex River; one-half water; in­

complete. 

2,846 



\ 
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Cc~talogue ·of the la·J:qer snlt ma.1·shes·oj New Englan(1., &c.-Continued. 

--------.------;------
Number aml name Latitude. Longi-

of chart.. tude. Locality. Area in 
acres. 

----------
C I (' I 

108. l<'wm \Veils to 

Cape Ann-con­

tinued. 

109. Boston B a~· 

aml arprOa!Jhes. 

42 41 

42 45 

42 53 
42 58 

42 5fl 

43 oo 1 

43 01 

4:l 02 

43 05 

4:~ 06 
43 08 

42 5D 
4:3 10 

43 u 
4:3 16 
4'? 19 
42 20 

42 21 

42 24 

.42 :?3 

42 2:3 
4:t :W 

42 25 
42 2G 
42 :10 

4\! :33 

42 :34 
42 a;, 

42 :n 
42 04 

42 05 

4:t 07 

I 

70 41:> Ipswich River to margin of 

Green's Creek, hounded by 

road; incomplete. 

70 48 Plum Island marshes (Green's 

Creek al{d Rowley and Park~r 

Rivers); incompl3te. 

70 50 East Salis bur~.; Black Rock, and 

Town Creeks to R.R.; incomplete 

70 49 Hampton Harbor; iucomvlet'< ... 
~0 461 Nort-h Hampton _________ . _. ____ _ 

10 46 Nort-h of Rye Ledge ...... __ ...... 

70 .45 Rye Harbor ._ ... : . .•.. _ .... _. ----1 
70 41 Pauson's Creek-- ............ _ ... · 

70 43 Little Harbor-----------------·--
70 40 Marsh south of Cntts Island_. _ .. . 

70 39 1\larsh north of C n tts Islantl .. _ .. . 

70 39 York River ...... ------·---- .... .. 
70 37 Isles of Shoals; estimated .. _ .. _. _ 

70 37 SouthofCapeNerl•lick; estimated. 

·70 ::5. 

70 35 
71 03 

71 04 
71 (,[i 

~bar Pond Rocks; es:.imated·. ___ . 

Wells B~'>ach; incomplete __ ...... 
01•1 Harbor, Son th Boston __ . ___ . 

South Bay; all filled .......... .. 

Back Bay; two-thirds water (as 

it was); incomplete. 

2,942 

9,2oO 

1,692 

5,Q76 

47 
32 

269 
• :!85 

237 
63 

332 
32 

3'2 

47 
32 

253 

332 

400 

·2,277 

71 OG I Mystic River to Lynn Pike; one- j[2, &15) 

third water. t 1, 677 

71 01 Ea~t Boston.------------........ 176 
71 00 Chebea Hiver .................. , 1-;-202 

70 f>9 

70 55 

7(' 5:l 

70 5:3 

70 51 

7U 49 

70 44 

70 ;{t; 

70 40 

. 70 40 

70 4 t 

Sangns Rtver, &c ..... _ ........ __ 

Najuwt ----------- ........... .. 
Phillips Beach ................. .. 

I.lack of Marblehead; one-half 5 
"'!tier. { 

Danvers; incomplete ........... , 
Beverly farms .. _____ . ____ .··.- ___ _ 

Manchester . . • ....... __ .. _ .... . 

l'lorih of EastPrn Point'.----------
Back and Cnt Rivers ............ . 

Bass and Green Harbor Rivers ... _ 

South River; incomplete ....... . 

1,487 

144 
112 

pl6] 

158 

140f 

80 
so 

112 

1,107 

1,234 
633 



392 EASTERN SEA-COAST SWAMPS 

Catalogue of the larger sal{ marshes of New Englancl, &c.-Continued. 

Number and name Latitude. Longi-
of chart. tude. Locality. Ar!'a in 

acres. 

lOD. J;'loston nay 
a n.d approach­

es-continued. 

110. Cape Cod Bay. 

42 11 

42 15 

42 Hi 
42 }() 

42 17 

42 1;) 

42 14 

42 14 

42 15 

42 16 

42 17 

42 03 

42 O:l 

42 03. 

42 oo, 

41 57 

41 57 
41 51 

41 47 

41 46 

41 45 

41 43 

------- --~--

North River; incomplete; one- 5[2, 2:3] 

third water. I 1, :>29 

70 43 Scituate Harhot·; one-tenth water 

70 46 Cohasset Harbor; one-tenth water. 

70 50 Near J ern salem Roail. ........... . 

70 f>l Near Jerusalem Road; two-thirds 

water. 

70 :i2 Wld te Head l"lats ........ - ..... . 

70 5.1 Hinghmn Harbor, Otis Hill; onP.­

eightlt water. 
70 ;,::; "reynwnth Back Hiver; one-half 

'va.t~er. 

70 57 'Veymo"nth Fore RiYer; four­

fifths wnter. 

70 5H Town Rh·er and Hough's Neck; 

one-half water. 

71 00 Black's Creek and neighborhood; 

one-tenth water. 

71 02 Neponset River and Squantum; 

one-fifth water. 

70 :{8 Duxbury Beach ... ~ ••..••.. -·---

70 38 

70 38 

70 42 

70 41 

Back River Islands ....•........ 
Duxbury shore .. _ ....... __ ...... 

Jones' River and shore, east to 

Standish Monument. 

Between Jones' Ri\•er atHl Ply­

month. 

70 38 So nth end of Long Beacll .. -.- . _. 

70 32 Centre HiH Point and sontll ward 

70 30 Ba~s. ScuEset Mill, and Dike 

Meadow Creeks. 

70 28 Ol1l Harbor, Meuset, Spring Htll, 

Dock aud Mill Creeks. 

70 ~6 Cow~', Long, and Scorton Harbor 

Creeks. 

[:.!08] 

187 

l/59] 

683 
112 

[:J56J 
s;; 

1-14 

S [1GO] 

I uo 

I r 6~~1 

~ 
{ 

(5i:'5] 

ll7 

[618] 
309 

(192] 

~ 173 

5[1, o61J 
( 1,329 

474 
95 

190 

316 

174 

47 

95 

1, 044 

822 

459 

70 221 
70 14 

Scorton Creek and Great Marshes; ,)[ 4, 110] 

one-fonrth water. /1 :3, 982 

Rm11lezv~ms a nil Lone Tree and I 1, 787 
Cha-<e Gardnn Creek~. 

I 
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Oatalogtte of the larger salt marshes of New England, &c.-Continued. 

Number and name Latitude. -Lougi-
of chart. tude. 

Q I Q I 

110. Cape Cod ay 41 45 

-continued. 41 45 

41 48 

41 54 

41 57 
42 00 

42 03 

42 03 

41 49 

41 46 
111. Monomoy aud 41 46 

NantucketShoals 41 40 
to · M u s k e g e t 41 40 

Channel 41 40 
41 40 
41 as 
41 36 

112. Muskeget 41 38 
Channel to Buz- 41 :{8 

zards Bay. 41 :l7 

41 a6 

41 34 
41 34 
41 34 
41 25 to 
41 32 

41 34 
41 34 
41 38 

41 42 

41 44 . 

41 45 

41 46 

41 45 

70 09 

70 07 

70 00 

70 00 

70 03 

70 03 

70 06 

70 12 

69 57 

69 56 

69 56. 

69 57 

70 05 
70 09 
70 08 
70 13 
6\J 58 
70 19 
70 21 

70 25 
70 27 

70 30 

70 33 

70 35 

70 40 to ~ 
70 55 5 
70 39 
70 38 
70 38 

70 38 

70 37 

70 39 

70 41 

70 43 

Locality. 

Sursuit Creek ................. .. 

Qulvett Creek, &e., to Brewster . 

Brewster to Herring River, coast 

marsbes'. 
Blaekfish Creek and Horse Island. 

Herring River, Wellfleet ....... ,. 

Pamet River, &c ........ -........ . 

Peaked Hill Bar. The swamp is 

hack of it. 

Little swamps around Province-. 

town. 
Marshes near Town Cove; one-

third water. 

Near Poehet Islaild ....... . 

Near Life-Saving Station No.l2 .. 

Near Morris Island ............. .. 

Harwich Marshes ............... . 

West Dennis ....... --~--- ... ." ... . 
Swan Pond River .............. .. 

Pond east of Lewis Bay ......... . 

Wreck Cove, Monomoy ......... . 

Back of Hyannis Point ..... , ... . 

\Vest of Centreville Villagll ..... . 

0~1 ervi lie Harbor ............. .. 

Poponesset Bay .. " ............ .. 
Waquoit Bay, east side ........ .. 

Waquoit Bay, west side: ........ . 

Ponds sonth of Falmouth ....... . 

Elizabeth Isles; a number of 

marshes, salt or fresh Y 

.West of Falmouth ............. .. 

North of Hamlin Point .. · ..•...... 

Wil<l Harbor and Herring Pond 

Creek. 
Pocasset Harbor and North Po-_ 

easset. 
Monumet River and south ...... . 

North of Wicket's Island ....... .. 

j Area in 
acres. 

158 
348 
933 

949 
3,416 

474 
380 

142 

s [174] 
( 116 

569 
190 
111 
158 
142 

269 

190 
190 
554 
142 

469 
158 
16 

110 

127 

127 

47 

95 

127 

190 

Agawam; one-half water ........ , 

Johnson'~ Creek ................ . 

316 
32 

5 [95] 
I 48 

111 



394 EASTERN SEA-COAST SWAMPS. 

Catalogue of the larger salt m(lrshes of New En,qland, (f;c.-Continued. 
-------,--------- --

Number and name Latitude. 
of chart. 

Lono-i. 
tud%. Locality. Area in 

acres.· 

0 f 0 I 

113. Cuttyhunk to 

Block Island. 

114. Long Island 

Sonnt\, eastern 
part. 

115. Long 

Sound, 

part. 

Island 

middle\ 

41 32 
41 ::l~ 

41 :n 
41 31 

41 3.1 
41 30 

'II 29 
41 33 

41 35 

41 29 
41 29 
11 27 
41 43 
41 40 

41 43 
41 44 
41 39 

41 38 

41 37 

41 27 

41 23 
41 04 

41 00 
41 01 

41 20 

41 19 

41 21 

41 20 

41 21 

41 21 

41 19 

41 20 

41 22 

41 23 

41 08 

41 06-

41 05 
41 03 
41 04 

41 01 

70 57 MisbaumPoint; incomplete...... 63 
70 58 Barney's Joy Point; incomplete.. 32 

71 00 Allen's Pond..................... 480¥ 

71 03 Westport and various islands 1, 756Y 

near by. 

71 05 Acoakset River; incomplete .... . 

71 07 No name ...................... .. 

71 10 No name ...................... .. 

7112 NonquitPoml ....... : ......... .. 

71 12 Back of Sapo wet Point .......... . 

71 15 Sacbnest Beach, Newport ....... . 
71 17 Easton's Pond, Newport ........ . 

71 19 'fhe Neck, Newport ............ .. 

71 11 Near Lee's River ..... : .......... . 

71 17 Popasquash .................... . 
71 17 

71 20 
Warren River .................. ~ 

Nayat Point ................... .. 

71 20 Prudence Island, northern part .. 

71 19 Prudence Island, middle part .... 

71 25 Mainland west of Prudence Island; 

estimated. 

71 27 Back of Little Neck ; i water ... . 
71 30 South of Point Judith Pond ..... . 

71 55 Great Pond; end of Long Island .. 
72 03 Napeagne Harbor ......... : ..... . 

72 08 Acabomock ..................... . 

72 02 Poquonock River ............... . 

72 01 Mumforrl's Cove ................ . 

71 57. Mystic River ................... . 

71 55 Wamphassuck Point ...•.....•... 
71 54 

71 fl2 
Quanaduck Cove ............... . 

About Wicketequock River ..... . 

71 47 Babcock's Pond ................. -

71 43 Qnonocoutaug Pond ...••....•... 

71 38 Ninigret and Green Hill Ponds .. . 

71 30 Point Judith Pond ............. .. 
72 15 

72 22 

72 21 
72 20 

72 19 

72 12 

Oyster Pond .................... . 

About Stirling and Greenport .. .. 

Derring's Harbor ............... . 

West Neck Harbor .............. . 

Coecle's Harbor ................. . 

Three-Mile Harbor ..........•.... 

696f 
111 
253 
127 

300 
Ill 

Ill 

47 
47 
63 
47 
79 

127 

158 

63 

332 

490 

285 

332 

316 

269 
79 

364 
127 
63 

427 
332 
174 

53tl 
474 

886 

127 
16 
32 

32 

127 

J 



SHALE!!.] LIST OF SALT MARSHES, WITH AREAS. 395 

Catalogue of the larger salt rnfllrshes of Nmo England, &c.~ Continued. 

Number and name Latitude. I Longi~ I 
of chart. tude. - Locality. 

115. Long Island 

Sound, middle 

part-cont'd. 

0 I 

41 02 

41 00 

·40 56 
41 00 

41 02 

41 02 

41 03 
41 00 

40 59 
40 55 

40 57 

41 13 
41 14 

41 15 

41 16 
41 17 

41 17 

41 15 

41 15 

41 16 

41 15 
41 16 
41 16 
41 16 
41 15 

41 16 
41 16 
41 16 

41 .16 
41 17 

41 17 

41 17 

41 17 

41 18 

41 21 

0 I 

72 13 
72 22 

u 26 

72 27 

72 25 

Ely's Brook ...........••........ 

Jessnp'sNeck .•.••..... : . •....... 

Jessup'~ Neck, large swamp ..... . 
Clltchoguc Harbor ......••....... 

Great Hog Neck, east side; two-

thirds water. 

72 25 Great Hog Neck, west side ...•••. 

72 26 "Goldsmith's Inlet ............... . 
72 35 

72 37 
72-37 
72 51 

73 02 

72 59 
72 51 

72 57 
72 56 
72 54 
72 53 

72 51 

72 48 

72 50 

72 45 

Mattituck Pond ................ . 

LuceLanding ..•................. 

Flanders, Riverhead, Aq~ebogue. 
Wailing River .•................. 

Indian River ........ ,- .......... . 

Oyster River . ' ..........•....... 
Savin River ...•................. 

West Haven .................... . 

New Haven .......•............. 

West side of New Ha~en Bay ..... 

Morris Creek and Farm River ..•. 

East of Saltonstall's Lake; incom-
plete. 

Branford Harbor and River; in· 

complete. 
Branford Point ....•............. 

Around Stony Point ............ . 

72 44 East of Stony Point ...•.......... 

72 42 North of Sachem Head .......... . 

72 41 East of Sachem Head ..••........ 

72 39 Guilford Harbor and East River .. 

72 36 South of Madison ............... . 

72 32 Hammonasset and Indian Rivers; 

incomplete. 
72 30 East of KUlingworth Harbor ..... 

72 28 Westbrook, Menunketesuck ..•... 

72 26 Near Salt Island ..........•...... 

72 24 Oyster River, Saybrook ....... ~ .. 

72 22 North and South Coves and a lit 

tie creek al.Jove. 

72 20 Lieutenant's, Back, and Blackball 

Rivers. 

72 22 Calves', Goose, anil Nott's Islands 
and El~··s· Ferry; incomplete. 

j.Areaiu 
acres. 

' 79 
32 

569 
253 

300 

32 

16 
47 

16 

2,182 

142 

364 
127 

127 

47 

316 
221 

775 
47 

728. 

32 
221 

206 
300 

127 

1,392 

lll 

981 

427 

469 
79 

633 
648 

838 

390 



396 EASTERN SEA-COAST SWAMPS. 

Catalogtte of the larg(}r snlt marshes of New England., &c.-Continued. 

I 
Number and name Latitude. Longi-

of chart. tude. Locality. 

115. Long Island 

Sound, middle 

part- cont'd. 

116. Long Island 

Sound, western 
part. 

C J '":: I 

41 21 
41 17 
41 18 
41 18 

41 18 
41 12 

41 11 
41 12 

41 10 
41 09 
41 08 
41 08 

41 07 

41 06 
41 06 
41 05 

41 03 

41 o:~ 

41 02 
40 58 
40 55 

72 22 Essex; incomplete .••••.....••... 

72 17 East of Griswold's Point ...... _ .. 

72 15 Near Hatchett's Point ..••........ 

72 14 Four-Mile River and nj'lxt creek 
east. 

72 13 Rl ntf Island and adjacent ....... . 

~oo 56 Back of Charles Island .......... . 

•oo 5::! Stratford, IslandR, &c...... . .. . 

~oo 54 Housatonic River; incomplete .. . 

•oo 52 Sout.h of Stratford._ ............ . 

•oo 48 South of Bridgeport .......... _ .. . 

•oo 41l Pine and Fairfield Creeks ....... . 

•oo 44 Southport, Mill River ........ c .• 

•oo 41 Green Farms; one-fourth water .. 

~oo 39 

*00 38 
*00 36 

"00 :~3 

•oo 3.1 
"00 2!) 

*00 59 
NOO 50 

Saugatuck River, east bank .... . 

Saugatuck River, west bank .... . 

Norwalk River ................. . 

Five-Mile River to Long Neck 

Point. 

DaJ·ien River .................... . 

Stamford Harbor and east ...... . 

Mount Sinai Harbor ...••........ 

Stony Brook Harbor a111l East 

Flats. 

.Area iu 
acres. 

158 
158 

126 
95 

127 
300 

lOOf 
158 

1,582 
300 

633 

237 

[443] 
3:!2 

63 

332 
664 

380 

111 
712 

285 

474 

40 5::! •oo 48 Nissequague River; two-thirds 5 (633] 

211 

206 
316 

Ill 

40 54 

40 56 

40 56 

40 53 

40 56 

40 52 

40 54 
40 54 

40 54 

40 52 

40 52 
40 48 

40 48 

40 46 

"00 45 
*00 41 
•oo 3i 
*00 3f> 

•oo 31 

•oo 30 
•oo 26 
•oo 24 
•oo 22 

"00 22 
"00 18 

"00 21 

"00 18 
•oo 15 

water. { 

West of Nisseqnague River .. _ ... 

Crab Meadow ........••••..... __ . 

Northport Bay ....... ; ........ _ .. 

Hm~ tingtoa Harbor...... . . . . . . 
Meadows, Lloyd's Point ......... . 

Oyster Bay Harpor ............. . 

Mill Neck Creek ................ . 

Fox Island to Lattingtown ...... . 

Dosoris Pond ................... . 

Mosquito Cove ................. . 

Prospect Point ................ _ . 

Roslyn . . . • . . . . . . • . . . . ....... _ .. 

Heatl of Manhasset Bay ......... . 

Little Neck Bay .........•.•....• 

• Longitude east of New York City Hall. 

32 
32 
79 

300 

221 

79 
150? 

63 

32 

127 
237 



SIIALltR.] LIST OF SALT MARSHES, WITH AREAS. 397 

Oatalogzte of the larger salt mm·shes of New England, &e.-Continued. 

Number an<l name Latitude. Longi-
of chart. tu<le. Location. 

116. Long Island 

Sound, western 

1mrt-- cont'd. 

118 .. Sontherncoast 

of Long Island, 

middle part. 

119; Southern coast 

of Long Island, 

. western part. 

0 I 0 

10 49 

40 52 

40 53 

40 54 

40 55 

40 56 

40 57 

40 58 
41 00 

41 01 

41 02 

41 01 

41 01 

41 00 

41 00 

41 00 

40 56 

40 54 

40 54 

40 52 

40 fiO 

40 50 

*00 1~ Throg's Neck .. , ................ . 

*00 12 Hutchinson's River; incomplete .. 

•oo 12 Along the coast, Rodman to Dav-

enport's neck. 

•oo 14 New Rochelle .................. .. 

•oo 15 Delancey Covt1 ....... __ ........ .. 

·oo 17 Mamaroneck ............ · ....... . 

~oo 19 Mill Creek .......... _ ......... .. 

*00-20 

•oo 21 
00 2:3 

~fanursing Island .............. .. 

Port Chester~ ..... __ ........... .'. 

Bush's Harbor_ ...... _ .......... . 

-oo 25 Coscob Harbor ................ .. 

•oo 26 Greenwich Cove ............... .. 

· *1 49 Three-Mile Harbor .............. . 

*1 45 North West Creek ............. .. 

"14~ SagHarbor ..................... . 

*1 39 

*1 35 
*1 30 
*1 26 

*1·28 

*1 25 

*1 25 

Noyack ........... _ ............ .. 

Cow Neck anrl North Sea Harbor. 

Canoe place ......... · ... , ..... .. 

South Port .................... .. 

Tiana .......................... . 

Shinnecock Bay, shores of ....... . 

Quogue .......... , ........... : .. 

40 47 *1 17 Around Moriches Bay: 

40 37 

40 36 

40 39 

40 37 

40 37 

40 41 

40 38 

40 43 

40 39 

40 43 

Petunk ... :, ................ .. 

Between Petnnk and Forge 

River .................... .. 

Front Beach, &c ............ . 

*00 25 Hempstead Bay ......... ; ...... . 

*00 28 South Oyster Bay Islands ....... . 

•oo 30 Shore (long. 0° 27' to oo 35') and 

Great Island. 

*00 31 Islands ....................... .. 

*00 34 Jones Beach and adjacent islands. 

*00 40 Coast inside (long. oo 35' to oo 45'). 

*00 40 Oa.k Island beach .and adjacent 

islands. 

*00 45 Long. 0° 45' to Connctqno't Brook: 

•oo 49 Fire Island ............... ~ .... .. 

*00 53 Connetquot Brook to Edward's 

Landing. I 
"Longitude east of New York City Hall. 

Area in 
acres. 

127 

601 

474 

95 

316 

221 
316 

190 

47 

127 
158 
348 

63 

316 

63 

95 

490 

79 

300 
111 
696 

? 

491 

554 

949 

4,064 

1, 787 

3,116 

996 

1,755 

1,866 

2,704 

1,487 

253 

712 

• 



398 EASTERN SEA-COAST SWAMPS. 

Oatalogue of the larger salt marshes of New Englamd, &c.- Continued. 

Number and name 
of chart. 

119. Southern coast 
of Long Island, 

western part-
continued. 

I 
120. NewYorkBay 

and Harbor. 

Latitude. 

0 I 

40 44 
40 44 
40 45 
40 45 
40 46 
40 45 
40 45 
40 49 

4o 49 1 

40 49 
40 48 
40 46 
40 44 
40 :36 

40 37 
40 37 
40 35 

Longi-
tude. Locality. 

0 I 

"00 56 Brown's Point ..••..••••.••.••... 
•oo 59 Blue Point and Mill's Landing .. 
•oo 59 Patchogue Landing ...•••..••••.. 
"1 02 Swan Creek to Howell's Point ... 

"1 06 Bellport Bay •••..............••• 

"1 09 Smith's Point to end of chart .• · •••• 

73 50 Flushing Bay .................... 

73 50 I Westchester Creek ............... 

73 51 1 Just·west of Westchester Creek .. ! 
73 52 Broncks River ................. . 
'73 55 Mott Haven and Port Morris ... .. 

73 54 Near Berrians Island ........... . 
73 57 Hunter's Point ................ .. 
73 47 Rockaway Beach ............. .. 
73 50 Islands in Jamaica Bay ........ .. 
73 50 1 ·Coast around Jamaica Bay .... .. 

74 00 I Coney Island .................... . 

• Longitude east of New York City Hall. 

Area in 
acres. 

20 6 
158 
79 

474 
886 
712 

1,978 
538 
316 
380 
601 
253 

1,218 
45!) 

3,7:32 
11,070 

949 
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SYNOPSIS OF THE FLORA OF THE LARAMIE GROUP. 

INTRODUCTION. 

The object of this paper is twofold: first, to offer, as its title im· 
plieE, a synopsis, or condensed account, of the flora of the Laramie 
group, as that formation is now understood; and, secondly, to give a 
few illustrations of this flora from new material or from material more 

· ample and abundant than bas heretofore existed. 
Mr. Leo Lesquereux, in his "Tertiary Flora.," 1 describes a large 

number of plants belonging to this group, but he here argues for the 
Tertiary age of these plants and regards the group ~s Eocene; be 
therefore makes no.,attempt to keep them separate from those derived 
from higher and still acknowledged Tertiary beds. In his last work, 
on "The Cretaceous and Tertiary Floras," 2 be attempts to introduce a 
"table of distribution" of the plants of the Laramie group, but in doing 
so he fails to recognize the Fort Union forms as belonging to that group, 
although the identity of the two groups bad been admitted by Dr. 
Hayden in his annual revorts and was reasserted in his letter trans­
mitting Mr. Lesqnerenx's ''Tertiary Flora" to the Secretary of the In­
terior for publication. He preferred to accept the view of Mr. Clarence 
King (who admitted that be bad not visited the Fort Union beds), as 
expressed. in his Report of the Geological Exploration of the Fortieth 
Parallel, Volume I, pp. 353, 354, and which rested upon the determina­
tions by Dr. Newberry of certain vegetable remains of Miocene type. 
Mr. King believed this formation to be equivalent to the White River 
Miocene, and Dr. Newberry referred all his Fort Union plants to the 
Miocene. The only localities which he admits as constituting the plant 
beds of the Laramie group known at that date are those of Colorado, 
the Raton Mountains, 'Placiere, Henry's Fork, Barrel Springs, Fort 
Ellis, Spring Calion, Black Buttes, Point of Rocks, and Yellowstone 
Lake. This excludes Carbon and Evanston, which I shall also embrace 
in the Laramie, and there are several other .localities from which fossil 
plants have been obtained that belong with little doubt to the same 
great s;ystem. 

1 Contributions to the Fossil Flora of the Western Territories, Part II. The Ter­
tiary Flora. By Leo Lesquereux. Report of the United States Geological Su~vey of 
the Territories, F. V. Hayden, United States geologist-in-charge. Vol. VII. Wash-
ington, 1878. ' · 

• Contributions to the Fossil Flora of the Western Territories, Part III. The Cre­
taceous and Tertiary Floras. By Leo Lesquereux. Report of the United States Geo­
logical Survey of the ·Territories,· F. V. Hayden, geologist-in-charge. Vol. VIII. 
Washington, 1883. 
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406 FLORA OF. THE LARAMIE GROUP. 

HISTORICAL REVIEW OF OPINION. 

The history of the Laramie group, as now understood, is a long one, 
and the literature is scattered through a series of reports in a manner 
very perplexing to any one who desires to gain a comprehensive knowl­
edge of it. From the circumstance that at nearly all places where it 
has been recog·nized it consists to a greater·or less extent of deposits of 
lignite or coal, this condition was for a time inseparably associated 
with it to such an extent that there was a disposition to rt'gard all the 
Iignitic deposi.ts of the West as belonging to the same geologic forma­
tion ; but when this had been disproved by the discovery of extensive 
beds of coal in the middle Cretaceous, the reaction against this view 
carrieq. many too far, and resulted in the quite general belief that the 
lignite beds of the Upper Missouri River were of widely different age 
from those of Colorado and Wyoming. Even Mr. ·King, who correlated 
all the beds along the 40th parallel, and first gave them the name 9f 
"Laramie group," still denied the identity of the Fort Union beds with 
them, and as late as 1878 regarded these as Miocene and the equivalent 
of those of the White River. It is remarkable that he should have ex­
pressed such an opinion in so prominent a place as his final report (He­
port of the Geological Survey of the Fortieth Parallel, Vol. I, p. 353), 
while admitting that he bad not personally examined this region. 

The northern portion of the extensive area now embraced under the 
name Laramie group was the first to attract attention. It was nat­
ural that the earliest transcontinental voyages should follow the largest 
water-ways, and notwithstanding the extremely slow development of 
the Upper Missouri River region we find that its exploration was begun 
in the first decade of the century by parties provided with appliances 
for scientific obseryation and has been continued at intervals ever 
since~ Leaving the merely gebgraphical aspects out of the account, we. 
find that the coal beds attracted the attention of Lewis and Clarke in 
1803 and. of every subsequent expedition down to the epoch of true 
geologic investigation, which dates from the commencement of the 
protracted researches of Messrs. Meek and Hayden in the year 1854, 
the earliest pub1icatious of which are contained in Volume VIII of the 
Proceedings of the Philadelphia Academy of Sciences, 1856. The inves­
tigations of Harris and Audubon in 1844 1 added scarcely anything 
to the knowledge of the geological age of these regions. ,As much 
might be said of the explorations of Fremont, who observed the lignite 
beds of Wyoming in 1842, and of the expedition of General Emory 
who noted those of Eastern New Mexico in 1848. But the large col­
lections brought by Hayden from Nebraska and the Upper Missouri and 
Yellowstone regions in 1854.furnished the d~!<ta for profitable scientific in-

\Proceedings of the Academy of Natural Sciences, Philadelphia, Vol. II, 1845, pp. 
~240. 
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vestigation, which they soon received at the competent hands of Messrs. 
Meek and Leidy~ In the first of the papers above referred to/_ in which 
all the species described are mentioned as Cretaceous, the .authors 
remark : "It is worthy of note that some of the species contained in the 
collection from the most recent Cretaceous beds of the Upper Missouri 
country appear referabl~ to genera which, according to high European 
authority, date no farther back; than the true chalk, while many of them 
are .closely analogous to Tertiary forms; so close, indeed, that, had they 
not been found associated in the same beds with Ammonites, Smi.phites, 
al}d other genera everywhere regarded as having become extinct at the 
close of the Cretaceous epoch, we would have considered them Tertiary 
species." A section is given, at the top of which 400 to 600 feet of 
"Tertiary" are placed, which is described as "beds of clay, sandstone, 
lig.nite, &c., containing remains of vertebrata, and at places vast num­
bers of plants, with land, fresh-water, and some times marine or estuary 
mollusca." 

At the next meeting of the Academy, Dr. Joseph Leidy read a paper 
in which he described the vertebrate remains which Dr. Hayden had 
obtained from the Bad Lands of the Jurlith River. Be is silent as to 
the age which these remains indicate until the close of the paper, where 
he names a species of Lepidotus in honor of the discoverer, and says: 
"This species is named in honor of Dr. Hayden, who collected the re­
mains characterized in this paper; and which remains, I suspect, indi­
cate the existence of a formation like that of the Wealden of Europe;" 
a remark which has since been much quoted in support of the Mesozoic 
age of the Judith River beds. . 

' ' On June lOtQ. of the same year a second paper was presented to the 
Academy by Messrs. Meek and Hayden, entitled " Descriptions ·of new 
species of Acephala and Gasteropoda, from the Tertiary formationR of 
Nebraska Territory, with some general remarks on the Geology of the 
country about the sources of the Missouri River." 

These "general remarks," which were "based upon the observations 
and colleetions of Dr. Hayden,'' contain some very interesting state­
ments and certain somewhat remarkable. adumbrations of the conclu­
sions to which the latest·investigations have led respecting the geology 
of t.his region. The lignitic deposits are regarded as Tertiary, but they 
are very clearly distinguished from the fresh-water deposits of the 
White River group as-well as frOIJ.l the underlying Cretaceous formation. 
"Although there can be no doubt," the authors say, "that these deposits 
hold a rather low position in the Tertiary system, we have as yet been 
able to arrive at n'? very definite conclusions as to their exact synchro­
nism with any particular minor subdivision of Tertiary, not having 
been able to identify anY. of the mollusca found in them with those of 
any well marked geological horizon in other countries. Their general 

1 Proceedings of the Academy of Natural Sciences, Philadelphia, Vol. VIII, 1856, p. 
63. (Read March 11.) 
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resemblance to the fossils of the Woolwich and Reading series of En­
glish geologists, as well ,as to those of the great Lignite formations of 
the southeast of France, would seem to point to the lower Eocene as 
their position." In view of the fact that eminent geologists with abun­
dant material before them have until very recently regarded the Fort 
Union group as of Miocene age, this early hint at their lower position 
seems to deserve mention in passing. On the other hand, the extremes 
to which certain vertebrate remains from the Judith River beds farther 
up the Missouri had led paleontologists in the opposite direction were 
fairly anticipated in this early paper. After commenting upon the 
facts which prompted Dr. Leidy to liken the Judith River deposits to 
the Wealden of Europe, the authors add: "Inasmuch, however, as 
there certainly are some outliers of fresh-water Tertiary in these Bad 
Lands, we would suggest that it is barely possible these remains may 
belong to that epoch, though the shells appear to be all distinct species 
from those found in ·the Tertiary at all the other lomtlities in this 
region." · 

In a subsequent paper, read November lith of that year and pub­
lished in the same volume (pp. 265-286 ), yielding to the weight of author­
ity of the eminen·t paleontologists who had studied the vertebrate and 
vegetable remains, these authors, in the section drawn up on page 269, 
place the yellowish sandstones of the Judith in their lowest member of 
the Cretaceous (No.1), along with the darker sandstones of the Big 
Sioux, now so well known to characterize the Dakota group,1 while the 
lignite deposits of the Lower Yellowstone and Fort Union region are put 
at the top of the Tertiary system and designated as Miocene. In an 
elaborate paper by Messrs. James Hall and F. B. Meelr in the" Memoirs 
of the American Academy of Arts and Sciences" communicated June 
27, 1854,2 a section is given in which the Cretaceous series is subdivided 
into five mem hers, corrrsponding substantially with, that published in the 
Proceedings of the Philadelphia Academy by Messrs. Meek and Hayden 
(Vol. VIII, 1856, p. 269), as also with that which appeared in the same 
public~tion for December, 1801 (Vol. XIII, p. 419), and was reproduced 
ill Hayden's First Annual Report of the United States Geological SurYey 
of·the Territories for 1867, where, for the first time, the names by which 
the groups have since become so widely known were attached. In this 
earliest section of Meek and Hall the Bad Land formation of the Upper 
Missouri is placild above the Cretaceous series, and is not subdivided 
but is designated as" Eocene Tertiary" and assigned a maximum thick­
ness of 250 feet. 

On May 26, 1857, Dr. F. V. Hayden laid before the Philadelphia 

1 This view seems to have been maintained by Mr. Meek as late as 1860. See Pro­
ceedings of the Academy of Natural Sciences, Philadelphia, Vol. XII (April), 1860; 
p. 130. 

2 Descriptions of new species of fossils from the Cretaceous formations of Nebraska, 
&c., Vol. V, 18.''13, Part II, Art. xvii (extras dated 1856 ). 
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Acauemy a rough geological map of the country bordering on the 
Missouri River, from the mouth of the Platte to Fort Benton, with 
explanations.1 Acconling to this map the "Great Lignitic Tertiary 
Basin" begins at the mouth of Heart RiYer and extends to near the Mus­
cle Shell. It also stretches back on the Little Missouri to near the base 
of the Black Rills and on the Yellowstone to the mouth of tbe Big 
Horn. He also lays down an extensive ''Tertiary" tract lying between 
the South Fork of the Cheyenne and the Platte and t>xtending east and 
west from the lOOth meridian to Fort Laramie. The JUdith River Bad 
Lauds are also treateu as Tertia.ry, the too deep coloring of the map being 
e:J!:plained in a foot note on page 110. Of the Great Lignitic deposit he 
remarks that "the collections of fossils uow obtained show most con­
clusiYely "' "' * that it cannot be older than the Miocene period." 
Of the Judith River basin he says that" the impurity of the lignite . 
forms the most essential lithological difl'erence between this deposit and 
the Great Lignite basin below Fort Union.". 

Immediately following .this communication in the same volume is a 
more extended one by Messrs. Meek ·and Hayden, devoted prima:rily to 
the description of new paleontological matedal from the same general 
region, but containing f}n introductory discussion of the geological 
problems involved. Besides sections of the beds above Fort Clarke, 
and near the mouth of the Judith, this paper gives a general one for 
the whole of this country, in which the "Tertiary system" is now classed· 
as Miocene. 

'rhe first complete section of the "Tertiary" formations of the West 
was drawn up by Messrs. Meek and Hayden, and also published in the 
Proceedings of the Academy of Natural Sciences of Philadelphia, for 
December, 1861 (Vol. XIII, p. 433). The series is subdivided into the four 
familiar groups: 1,. Fort Union, or Great Lignitic; 2, Wind River; 3, 
White River; 4, Loup River. We are concerned here only with the first, 
or lowest member of this series, the so.called Great Lignitic. This is 
defined as "Beds of clay and saud, with round ferruginous concretions, 
and numerous beds, seams, and local deposits of lignite; great num­
bers of dicotyledonous leaves, stems, etc., of the genera Platanus, Acer, 
Ulmus, Populus, etc., with very large leaves of true fan palms. Also, 
Helix, Melania, Vivipara, Corbicula, Unio, Ostrea, Potamomya, and 
scales of Lepidotns, with ·bones of Tr~onyx, Emys, Compsemys, Croco­
dilus, etc.; thickness: 2,000 feet or more; localities: occupies the whole 
country around Fort Union, extending north into t.he British posses­
sions to unknown distances; also southward to Fort Clarke. Seen un­
der the White River group on North Platte River above Fort Laramie. 
Also on west side vVind River Mountains." 

Although nothing is said either here or in the more general descrip­
tion which follows of the relation of the Judith River· beds to this 
formation, we learn from a foot note appended to page 417 that the 

1 Se>c Proceeding!< of the Academy of Natural SciencP-s, Philadelphia, Vol. IX, p.109. 
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idea, that it could be Jurassic lJad now been wlwlly given up by the 
authors, who had come to regard it as the lower part of the Fort Union 
group. This note is as follows: ''At the time we pulJlished these facts, 
we were led by the discovery llere of fresh-water shells in such a posi­
tion to think that some estuary deposits of. doubtful age near the 
mouth of the Judith River on the Missouri, from which Dr. Leidy had 
described some saurian remains resembling Wealden types, might be 
older than Tertiary. Later examinat.ions, however, have demonstrated 
that the Judith beds contain an entirely diflerent group of fossils from 

_ those found in the rock nuder consideration, and that they are really 
of T<>r~iary age, and hold a posit.ion at the base of the Great Lignite 
series of the North west." 

In discussing this same section in the .First Annual Report of the Geo­
logical Survey of the l'crritories, 1867, Dr. Hayden distinctly classes 
the Judith River basin with the Fort 1Jnion group, and says: "This 
basin is one of much interest, as· it marks the dawn of the Tertiary pe­
riod in the West by means of the transition from brackish to strictly , 
fresh-water types. It is also remarkable for containing the remains of 
some curious reptiles and animals, reminding the paleontologist of those 
of the Weald~n of England." 

By this tinie the more southern extension of the coal-bearing beds 
had begun to receive the attentioh of· geologists, and they had been 
traced into Wyoming and Colorado and as far south as Raton Pass 
in New Mexico. Fossil plants had hcen found at nearly all points, and 
their testimony was considered the most unanswerable for the Tertiary 
age of the entire group. Indeed, down to 18G8, with the single excep­
tion of the alleged wrealden facies of the Judith vertebrates, there was 
substanti«i harmony upon this point. The array of names of those 
who hall committed themselves to this view after thorough study of 
the different kinds of fossils is truly formidable, and there can be no 
wonder that when their position was at length challenged and the Cre­
taceous age of this great series asserted the conflict of opinion resulting 
was s~arp and the resistance stubborn. Messrs. Meek, Hayden, Les­
quereux, and, as Dr. Hayden states,1 Leidy, all conceded this. Capt. E. 
L. Berthoud had studied the-formation in Colorado and inclined to take 
the same view.2 He says: ·"Everything that I have so far seen points 
out that the coal is either Cretaceous or Tertiary, but I believe it to be 
Tertiary, or of the same age as the coal near Cologne, on the Rbine." 
In an article contributed by Dr. Hayden to the American Journal of 
Science for March, 1868 (Vol. XLV, p.198), he reiterates his views in a 
form that· indicates that thus far they had met with no serious opposition. 

The first dissenting voice to· this general current of belief seems to 
have lJeen raised by Dr. John L. LeConte, who had invef.ltigated the 

1 Annual Report United States Geological and Geographical Survey of the Terri­
tories, 187 4, p. 21. 

2 First Annua~ Report United l:ltates Geological and Geographical Survey, 1867, p. 57. 
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coal and plant bearing beds lying along the Smoky Hill Fork of the 
Kansas River. In hi~:~ report· of a survey of this region 1 he gives it as 
his opinion that the lignitic strata of this region are older than those 
of the Upper Missouri, which he admits to be Miocene (p. 65). He 
states that specimens of Inoceramus were found with the coal in Raton 

· Pass, indicating its Cretaceous age, and then proceeds to adduce rea­
sons for discrediting the evidence furnished l>y vegetable remai1'1s. 

The following year (1869) Prof. E. D. Cope, in an exhaustive paper 
on the Yertebrate paleontology of America, published .in the Transac­
tions of the American Philosophical Society (Vol. XIV), in comment­
ing upon Jschyrosaurus antiqu7ts, Leidy, from Moreau River, Great Lig­
nitic of Nebraska, speaks of that formation as "perhaps of the Cre­
taceous age" (p. 40), and with more confidence later on assigns Hadro­
saunts ? occidentalis, Leidy, to the "~Cretaceous beds of Nebraska," 
although Palccoscincus costatus, Leidy, is still kept in the ''upper Juras­
sic Bad Lands of .T udith River." In the 1labular exhibit at the close' of 
this memoir the first of these species is placed in the Cretaceous col­
umn ; the second is also placed in that column, but with an accompany­
ing mark of interrogation, while the third is assigned to the Jurassic 
column. 

The Third Volnme of the United States Geological Exploration of 
the 40th Parallel, relating to Mining Industry, bears date 1870, and con­
tains an.important chapter (VII) from the pen of Mr. King on the Green 
River Coal Basin, in which he maintains that the extensive coal-bear­
ing deposits of this region are chiefly of Cretaceous age, but admits 
that the uppermost strata pass into the Tertiary and become fresh­
water beds. He also declares that the true fresh-water Tertiary strata 
of the Green River group overlie the coal beds unconformably at all 
points.. "The fossil life," says Mr. King, '' which clearly indicates a 
Cretaceous age for the deepest members up to and including the first 
two or three important coal beds, from that point gradually changes 
with a corresponding alteration of the sediments, indicating a transition 
to a fresh·water period. The coal continued to be deposited some time 
after the marine fauna had been succeeded by fresh-water types. The 
species of fossils are in no case identical with the California Cretaceous 
beds, which occupy a similar geological position on the west of the 
Sierra Nevada. Their affinities decidedly approach those of the Atlantic 
slopes, while the fresh-water species, which are found in connection with 
the uppermost coal beds,, seem to belong to the early Tertiary perlod." 
And, speaking of the unconformity of strata above referred to, here­
marks : " Whatever may be the relations of .fhese beds in other places, 
it is absolutely certain that \Vithin the region l_ying between tbe Green 
River and the Wahsatch, and bounded on the south by the Uintah 

1 Notes on the Geology of the Survey for the extension of the Union Pacific Rail· 
way, E. D., from tho S"'oky Hill River, Kansas, to the Rio Grande. By Jobu L. 
LeCont<', M.D. Philarlt>lphia, Fehruary, 18()8. 
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range, there is no single instance of conformity between the coal beds 
and the horizontal fresh-water strata above them." 

This chapter also contains a list of the fossil invertebrata collected 
in that region and named by Mr. Meek, accompanied by an interest­
ing letter exphtuatory of their geologic significance .. The fact that 
several species of Inoceramus, and some which. seemed referable to 
Anchura, were positively credited to the coal series, led Mr. Meek to 
speak with the greatest caution as to the age of thPse rocks; but it is 
clear that, but for these facts, coupled with the stratigraphical consid­
erations urged by Mr. King, he would have scarcely hesitated to pro­
nounce it Tertiary. But he la.rs great stress upon "the fact that these 
fossils are all marine types," and says: "From all the facts now known 
I can, therefore, scarcely doubt that you are right in referring these 
beds to the Cretaceous." A paragraph on page 462 gives his reasons 
for this conclusion more in full, together with certain qualifications 
which he feels obliged to make, and closes with the remai'k that the 
facts seem to indicate ''that these beds belong to one of the very latest 
members of the Cretaceous; or, i.n other words, that they were probably 
deposited when the physical conditions favorable to the existence of 
those forms of Molluscan life peculiarly characteristic of the Cretaceous 
period were drawing to a close or bad in part ceased to exist." 

Relative to the age of the so-called Bear River estuary beds, Mr. 
Meek expreRsed himself in this communication with still greater reserve. 
Tbese beds had been referred by him and Mr. Henry Engelmann to the 
Tertiary in 1860, in a communication made by them t~ Capt. J. H. 
Simpson, and published in tbe Proceedings of the Academy of Natural· 
Sciences of Philadelphia for April of that year (Vol. XII, p. 130). He 
admits, .however, that they may be Cretaceous, as they belong to the 
lower disturbed system elsewhere regarded as Cretaceous. He says 
that some of the fossils described by J1im from the mouth of the Judith 
Rh-er "are identical with those found in these Bear River estuary beds," 
expresses doubt that the saurian remains from there were realli from 
the same borizon, and concludes as follows: "While I am, therefore, 
willing to admit that facts may yet be discovered that will warrant the 
conclusion that some of these estuary beds, so widely distributed here, 
should be included rather in the Oretaceous than in the Tertiary, it 
seems to me that such evidence must either come from included verte­
brate remains or from further discoveries respecting the stratigraphical 
position of these beds with relation to other established horizons, since 
all the molluscan remains yet known from them (my own opinions are 
entirely based on the latter) seem to point to a later origin." 

Prof. 0. C. Marsh, in giving au account, in the American Journal of 
Science for March, 1871, of an expedition conducted by him the pre­
vious season through a portion of the Green River Valley and Eastern 
Utah, describes the coal deposits met with by the party on Brush Creek 
with special reference to their geologic age. He says (p. 195): "As the 
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age of th.e coal deposits of the Rocky Mountain region has of late been 
much discussed, a careful examination was made of the series of strata 
containing the present bed aml their Cretaceous age established beyond 
a doubt. In a stratum of. yellow calcareous shale which overlies the 
coal series conformably, a thin layer was fmind full of Ostrea congesta, 
Conrad, a typical Cretaceous fossil; and just abo,·e, a new and interest­
ing crinoid, allied apvarently to the Jlfarsupites of the English Chalk. 
In the shales directly below the coal bed, cycloidal fish scales and 
coprolites were abundant; and lower down, remains of turtles of Cre­
taceous types, and teeth of a Dinosaurian reptile, resembling those of 
Megalosaurus, were also discovered." ' 

The gradual acceptance of tlJe Cretaceous character of the coal-bear 
ing series of the central an.d southern districts did not thus far shake 
the opinion of geologists as to the Tertiary age of the Fort Union group. 
This is reaffirmed in a very positive manne.r· in the Fourth Annual Re­
port of the Geological Survey of the Territories, 1870 (published in 
1871), by Dr. J. S. Newberry, who had been long and carefully studying 
the vegetable remains collected near Fort Union and along the lower 
Yellowstone, and had already published descriptions of the species.1 

At the time this paper was presented there was no difference of opinion 
and the evidence of the plants was regarded as simply confirmatory of 
Meek's conclusions as to the Miocene age of these beds. 

Further on in this report (pp. 164, 165) Dr. Hayden discusses the age 
of the Wyoming coal strata, and says: "So far as we can determine, the 
coal beds of the Laramie plains are of Eocene age, although the plants 
are more closely allied to thqse of the Miocene period of the Old World;" 
aml again : "That there is a connection between all the coal beds of 
the West I firmly believe, and I am convinced that in due time that 
relation will be worked out and the links in the chain of evidence joined 
together. That some of the older beds may be of upper Cretaceous 
age I .am prepared to believe, yet until much clearer light is thrown 
upon their origin than any we have yet secured I shall regard them as 
belonging to my transition series, or beds of passage, between the true 
Cretaceous and the Tertiary." 

In the same report Mr. Lesquereux discusses the fossil plants from 
Raton Pass, collected by Dr. LeConte, whose views have already been 
stated, as well as those brought in from points along tbe line of the 
Union Pacific Railroad and from other parts of the West. He considers 
them all Tertiary and ranging from the Eocene to the Miocene. 

In the corresponding report for 1871, published in 18727 Mr. Les­
quereux describes a mass of new material, and from all the data at 
hand essays a number of important generalizations. As he still regards 
all the local.itiE\S in the great·coal bearing series of the West as belong-

1 Notes on the Later Extinct Floras of North America, with Descriptions of some New 
Species of F"ssil Plants from the Cretaceous and Tertiary Strata. Annals of the 
Lyceum of Natural History, New York (April),.lB68. (Read April22, 1867.) 
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ing to tlte Tertiary formation, the only point of special interest brought 
forth is his attempt to subdivide the .American Tertiary into subordi 
nate groups based upon the analogie~ aftorded by their floras with 
those of established horizons in Europe and elsewhl3re. Thus to the 
Eocene l1e refers Raton Pass and .Purgatory Canon, in New Mexico; 
Marshall's ~line, in Colorado; W asbakie Station and Evanston, in Wyo­
ming; and Spring Canon, near Fort Ellis, in Montana, as well as Yellow­
stone Lake, which also belongs· to the upper district. To the Lower 
Miocene be refers Carbon Station, Junction Station, Medicine Bow, 
Rock Creek, and the Washakie group, in Wyoming; and the Fort Union 
group, in Montana and Dakota. To the Middle Miocene are referred 
Barrel Springs and Muddy Creek, in Wyoming; Henry's Fork of Snake 
Riyer; and Elko Station, Nevada. Among the localities the geological 
position of which is marked a.s unknown are the important, and now 
well known ones, Point oCEocks and Green River. In a table of dis­
tribution the data are assumed to exist to justify this classification. 

N otwitbstanuing these efl'orts to sustain the argument for the Ter­
tiary age of the central coal formation of the West, it ball been so weak­
ened by the blows of King and Marsh, coupled with the admissions of 
Meek, that little remain( d hut the evidence afforded by the fossil plants 
in its support, and this, though abundant in quantity, was naturally dis­
trusted, and bad been enfeebled by the considerations urged against it 
by Le Conte. Meek himself did not hesitate to refer forms of Ostrea 
and .Anomia, from Point of Rocks on the Union Pacific Railroad and in 
the typical Bitter Creek district, to the Oretaceous,1 and now there was · 
destined to come forward a new discoYery pf great importance, the full 
weight of which fell upon that side of the question. In the summer of 
1872 Messrs. Meek and Bannister discovered the htmes of a large saurian 
near Black Buttes Station in the Bitter Creek series, and Professor Cope 
soon after visited the spot and studied the fossils. He ]aid his results 
before the .American Association for the Advancement of Science at 
Dubuque in August of that year, and published his descriptions in the 
Proceedings of the American Philosophical Society for September 19. 
In this paper be remarks (p. 483)': "From the above description it is evi­
dent that the animal of Black Buttes is a Dinosaurian reptile. * "" * 
It is thus conclusively proven that the coal strata of the Bitter Creek 

. Basin of Wyoming Territory, which embraces the greater area yet dis­
covered, were deposited during the Cretaceous period, anu not during 
the Tertiary, though not long preceding the latter." And, commenting 
upon the same subject in the .American Naturalist for November, 1872, he 
says: "This discovery places this group without doubt within the limits 
of the Cretaceous period." 

Mr. Lesquereux was also in the :field this year (1872), and his inves­
tigations, at the request of Dr. Hayden, were specially directed to "posi-

1 Fifth.Annual Report United States Geological Survey of the Territories, 1871, p. 
375. 
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tively ascertaining the age of the lignitic formations." He visited most 
of the important points in Wyomin_g, Colorado, and New Mexico, and 
prepared an elaborate report, in which, it is needless to sa~·, be confirmed 
and reasserted-his former conclusions as to the Tertiary age of the en­
tire coal-bearing series, which be denominates the American Eocene.1 

The reports of Messrs. Meek and Bannister were also published in 
the same volume. The former expresses himself with his usual caution, 
admitting that the invertebrate fossils were inadequate to <letermine 
the age "of this group, and that his former reference of certain species 
to the Cretaceous was not prompted by t}.le evidence afforded by the 
forms tlJemselveE: (pp. 457, 458). Some of the statements made in this 
report ha\e acquired special interest in the light of recent investiga­
tions and iu view of the gradual settlement of opinion which seems to 
be now going on respecting this much _discussed question. He says 
(p. 460): "The most surprising fact to me, supposing this to be aCre­
taceous formation, is, that we found directly associated with the reptil­
ian remains at Black Buttes a ~:;belli cannot distinguish from Viv·iparus 
trochiformis, originally described from the Lignitic formation at Fort 
Clarke, on the Upper Missouri, a formation that bas alwa~'S been re­
garded as Tertiary b~, all who have studied its fossils, both animal and 
vegetable. * * * ~he occurrence of this last mentioned spelies here, 
along with a Cretaceous type of reptilian, aud a Corbicula appareutly 
iuentica~ with C. cytheriformis of the Judith River brackish-water bells, 
together with the presence of Coruiculas ''er.v closely allied to Judith 
River species, at lower horizons in this series, and the occurrence of 
some vertebrates of Cretaceous affinities at the J uuith. River localities, 
would certainly strongly favor the conclusion, not only that this Judith 
formation, the age of which has so long been in donut, is also Creta~ 
ceous, but that even the higher fresh-water lignite formation at Fort 
Clarke and other Upper Missouri localities may also be Upper Creta­
ceous instead of Lower Tertiary." 

From these and other expressions in this report Mr. Meek may be 
· fairly said to have concede(} the 'cretaceous age Qf the Bitter Creek 

series, but he insists that the .Judith River deposits must go with .it 
into that formation, while of the Fort Union group his position may be 
summed up by quoting hi~ remark that it would take very stro'rig evi­
dence to convince him "that the higl1er fresh-water Lignite series of 
the Upper Missouri is more ancient than the Lower Eocene." 

The year 187 4 found the discussion of the age of the so-called Ameri­
can Liguitic at its height. A paper in the American Journal of Science 
for April of that year, by Dr. Newberry, and a reply to it by Mr. Lesque­
reux in the ~:;arne jourual for June, deserve special attention. The for· 
mer makes bold to say that to his "tertain knowledge" a considerable 
portion [that of New Mexico] of the flora which the latter bad called 

1 Auuual Report of the United States Geological Survey of the Territories, 1872, pp. 
3:m, a43. 
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Eocene in'his last report is Cretaceous, and that another considerable 
portion [that of the Upper Missouri] is of Miocene age, and he denies 
that the flora of any part of the American coal series possesses an Eo­
CPne facies. Mr. Lesquereux's reply is of course a defense of his former 
position and. is supporteu by a vast ar:ray of facts. 

In the first bulletin of the Geological Survey of the Territories, pub­
lished in 18741 Professor Cope, from evidence supplied by vertebrate 
remains, refers the Great Lignitic of the Upper Missouri to the same 
section of geologic time as the Bitter Creek coal series, now l'lettled in 
his mind as <.Jretaceous, an.d in Bul1etin No. 2 (pp. 5-19) appeared an 
elaborate report by ~be same author (reproduced, apparently without 
change, in the Annual Report for 1873, also published in 1874 ~nd 
later tlian the Bulletins, pp. 431-446), in which he sums up the evidence 
from the side of vertebrate paleontology. In this report Professor Cope 
gives Mr. Lesquereux full credit for accurately co-ordinating tlJe data 
furnished by the vegetable remains, and concludes "that a Tertiary 
flora 1ras confempot•aneous u:ith a Cretaceous fauna., establishing a.n unin· 
terrupted succession of life across what is generally regarded as one of 
the greatest breaks in geologic time." His further remark that "the 
appearance of mammalia and sudden disappearance of the large Meso­
zoic t.ypcs of reptiles may be regarded as evidence of migration and not 
of creation," embodies a thought that has been since revived and ex­
tended. 

To this report of Professor Cope, as published in the Annuai Report 
for 1873, he appends a short discussion, not contained in the Bulletin, 
in the nature of a reply to the article of Dr. Newberry above referred 
to. In the· course of thi::; discussion the following remarks occur: " If 
a flora below the Cretaceous of New Mexico resembles a Tertiary ·one, 
how much more probable is it that the floras of the Lignites of Colorado 
and Wyoming are such, as they are known to be of later age than those 
of New Mexico, and to be at tlJe summit of the <.Jretaceous series, as indi­
cated by animal remains; and if the flora of the Fort Union beds be 
Miocene, that ·of the identical horizon in Colorado must be Miocene 
also; and if the vegetation below this flora be so distinct from it, what 
is more probable, according to the evidence adduced by Dr. Newberry, 
than that they are Eocene, as maintained by Mr. Lesquereux Y That 
such should be the case is in harmony rather than in conflict with the 
facts presented by the existing life of the earth, where we have the 
modern fauna of the northern hemisphere contemporary with a partly 
Eocene mid partly Mesozoic fauna in the ~Southern." 

The same volume contains a report by Mr. Archibald Marvine of his 
operations during the season of 1873 in the park districts of Colorado. 
In treating the "Lignitic formation," as observed by him, he reviews 
the evidence from the plant remains, as interpreted by Lesquereux, as 
well as that furnished by vertebrate life, and says: "It must be sup­
posed, then, that either a Cretaceous fauna extended forward· into the 
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Eocene period, aml existed conte.mporaneou~ly with an Eocene flora, or 
else that a flora wonderfully prophetic of Eocene times au.ticipated its 
age and flourished in the lJretaceous period to the exclusion of all Cre­
taceous plant forms. • • • In either case, the fact remains that 
here the phyi\ical and other conditions were such that one of the great 
kingdoms Of life, in its progreSS ·of ueYelopment., eltlHW.lOSt or gained 
upon the other, thus destro,ying relatious and associations which ex­
isted between them ,in those regions from which were derived tl1e first 
i(leas of the lite boundaries of geological time, causing here apparent 
anomalies." He adds th~ following important paragraph: ''Much of 
the confusion and uiscrepancy has, in my opinion, arisen from regaru­
ing different horizons as one and the _same thing. It must be dis­
tinctly unum·stood that this group as it exists east of the mountains 
in Colorado is very different from, and must not be confounded with, 
the horizon in which much of the Utah and New Mexican lignite 
occurs, and which belongs undoubtedly to the Lower Creta~eous; and, 
further, that the extended explorations of Hayden and others would 
seem to prove almost conclusively that tlle Colorado lignitic group is 
tho direct southern stratigraphical equivalent of the Fort Union group 
of the Upper Missouri, which is considered generally to be no older 
than the Eocene, while N;ewberry asserts it to be Miocene." ' 

Mr. Lesquereux returns again, ·in his contribution to this same 
volume, :to the defense of his former position; He disposes in a man­
ner of the statement. that characteristic Cretaceous molluscan fossils 
had been found "above the beds of the lignitic formations" by quot-

. iug Messrs. Cox and Berthoud, the collectors of the speeimens about 
which so much had been said, who both show that the conclitions under 
which they occurred were such as to render their stratigraphi_cal posi­
tion too doubtful to form the basis for such important generalizations. 
He reasserts his belief in "the unity of the Lignit.ic formation iu its 
whole," and reargues the whole-case. He also revises his "groups" and 
gi,·es lists of all the species found in each. 

In Volume VII of the Canadian Naturalist, p. 241·, published in 1874, 
Mr. George M. Dawson discusses "The Lignite Formation~ of the West," 
now discovered to ~xtend far up into Canadian territory. He regards 
them as of later age than the Cretaceous and accepts the view of Messrs. 
Hayden and Lesquereux that the Fort Union group is Eocene. Re-

. ferring to the opinions of Cope, he says: "The evidenee does not appear 
to show that the Cretaceous specie.s were of themselves becoming rapidly 
extinct, but that over the Western region, now forming- part of this 
continent, the physical conditions changing drove the Cretaceous 
marine animals to other regions, and it is impossible at present to tell 
how long they may have endured in oceanic areas in other parts of the 
wcrld. This being so, and in view of the evidence of the preponderant 
animal and vegetable forms, it seems reasonable to take tbe well marked 
base of the Lignite series as that of the lowest Tertiary, at least at 

6 GEOL--27 . 



418 FLORA OF THE LARAMIE GROUP. 

present. The formation described belongs to this lowest Tertiary, 
being, in fa<;t, an extension of Hayden's Fort Union group, and from 
analogy may be called. Eocene." · 

In a more formal paper 1 published the same year, he also says: 
''The formation is, however, undoubtedly an extension of the Great 
Lignite or Fort Union group of strata of Hayden, as developed in the 
Western States and Territories. * * • These strata immediately suc­
ceedin~ the Oretaceous rocks are the lowest American representatives of 
the Tertiary series and have been called,for this reason Eocene, though 
it is impossibie to affirm that their deposit wa!5 more than approxi­
mately synchronous with that of the Eocene as constituted in Europe" 
(p. 20). 

Returning to the same subject a year later in his final report of the 
Northwest Boundary Commission,2 after familiarizing himself with the 
lliscussions going on in the United States, the same.author adheres to 
his previous views and remarks: "There seems little doubt, however, 
that the general tenor of the evidence of these beds, when considered 
alone, favors tneir Lower Eocene age. Their exact synchronism with th(l 
European Eocene is a question apart from the present inquiry" (p. 186). 

Early in 1875 Professor Cope, who bad examined the vertebrate re­
mains sent him by 1\fr. Dawson from near Milk River, on the bounda1 y 
of the British possessions, published a note upon them/ in which b.e 
says: "The genus of tortoises Compsemys, Leidy, is peculiar to' the 
Fort Union epoch,, while Plastomenus, Cope, belongs to the Eocene. Its 
presence in this fauna .would constitute an important assimilation to the 
'Lower Tertiary, but the .specimens are not complete in some points 
necessary to a final reference. The species are in any ·case nearly allied 
to that genus. There are, however, gar scales included in the collection 
which closely resemble those of the genus Clastes of the lower Eocenes 
of the Rocky Mountains. This is empirically another indication of near 
conuect}on with Tertiary time, but not conclusive, since allied genera have 
a much earlier origin in Mesozoie time. • * * Nevertheless, the list of 
sper.ies, short as it is, indicates tbe future Oiscovery of a complete 
transition from Ct·etaceous to Eocene life more clearly than any eollec­
tiou yet obtained marking this horizon in the West." 

1 Report on the Tertiary Lignite :Formation in the Vicinity of the forty-ninth parallel. 
By George M. V:twson. Addressed to .Capt. I J, R. Cameron, R. A., H: M. Boundary Com­
missioner. British North American Boundary Commission. Geological Report of 
Progress for the year 1873 [in part]. Montreal, 1874. 

~British North American Boundary Commission. Report on the Geology andRe­
sources of the Region in the Vicinity of the forty-ninth parallel, from the Lake of the 
Woods to the Rocky Mountains, w·ith li11ts of plants and animals collected, and notes 
on the fossils. By George Mercer Da~~on, geologist and botanist to the Commission. 
Addressed to Maj. D. R. Cameron, R. A., H. M. Boundary Commissioner. Montreal, 
1875. 

a·Proceedings of the Academy of Natural Sciences; .Philadelphia, Jan. 5, 1875, Vol. 
XXVII, pp. 9, 10. 
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Professor Cope's article, from which we made quotations a few pages 
back, appeared for the third time in his final report on fossil ver­
tebrates 1 with very few changes. It is to be noted, however, that he 
no longer proposes·to call the lignite deposit the sixth member of the 
Cretaceous formation of the West, and referring to the fossils from the 
Milk River district last mentioned we ;find him saying "that there are 
present two genera in this collection which are diagnostic of the Fort 
Union epoch, but no species certainly SO) though two spt=~cies are prob­
ably identical with species of that epoch; also 3 • • that the species 
referred to Plastomenus constitute an indication of affini_ty with corre­
sponding Eocene forms. The presence of gar fishes of the genus Olastes 
in this formation is as yet peculiar to this and the Judith River localities. 
As these gars have not heretofore been found in North America below 
the Eocene, they constitute the :first case of apparent commingling of Ter­
tiary and Cretaceous animal life yet clearly determined." He is careful· 
to add, however, that the evidence of the Dinosaurs outweighs these 
considerations. · . 

At this time, when at least one vertebrate paleontologist was begin­
ning to concede that this formation, though apparently Mesozoic, yet 
possPssed a marked Tertiary facies, Mr. John J. Stevenson came forward 
with several papers 2 from the stratigraphical side in support of the 
Cretaceous theory. His language is the most positive of any yet em­
ployed, but a careful. examination of his statements shows tliat his 
argument acquired its chief force from the form in which it was put 
forward. Such statements as that" everywhere the.sandstones of the 
Upper Cretaceous present the same lithological character;" that ''not 
a single Tertiary species occurs in the whole series;" that "wherever 
animal remains occur with this fucoid [Halymenites] they are invarhi­
bly characteristic Cretaceous species;" that "the evidence in favor of 
Cretaceous age is abundant;" that the record of plant life is "little'bet- . 
ter than a blank, with here and there a few markings, many of which are 
too .indistinct to be deciphered;" that" the only fossils characteristic of 
No.5 ever obtained from Colorado were procured from rQcks which are 
most probably the Yery highest strata of the Lignitic series"-would, if 
the qqestion were at all one of credibility, as it is not, clearly invalidate 
this witness and make his own charge, "falsus in uno, falsus in omni­
bus," peculiarly_ applicable to himself. Mr. Stevenson's writings, how­
ever, have the merit of defending the essential unity of all the lignitic 
deposits. 

'Report of the United States Geological Survey of the Territories, Vol. II, 4o, 1875, 
pp. 25-41. 

• Proceedings of the Society of Natural History, New York, 2d ser., No. 4, 1874, p. 93; 
Age of the Colorado Lignites, Reports npon Geographical and Geological Exploration 
ana Snrvey ·west of tho One Hundredth Meridian, in charge of First Lieut. Ge"o. M. 
Wheeler, Vol. III, 187n, pp. 404-410; The Geological Relations of the Lignitic Groups, 
Proceedings of the Aillerican Philosophical Society, Vol. XIV, pp. 447-4i5. 
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The Annual Report of the Geological Survey of the Territories under 
Dr. Hayden for 1874, published in 1876, contains three very important 
papers upon this subject. The first is by Dr. Hayden himself, who 
labors effectively to "connect· the coal-bearing beqs of the Laramie 
Plains and Colorado with the vast group in the Northwest," but con­
cedes the Cretaceous age of the Bear River and Coalville deposits. He 
says that "above the upper Fox Hills group there are about 200 feet of 
barren beds which may be regarded as beds of passage to the Lignitic 
group, which more properly belong with the Fox Hills group below. ' In 
this group of transition beds all trace of the abundant invertebrate life 
of the great Cretaceous series below has disappeared. * * * 'Vhatever 
view we may take with regard to the age of the Lignitic group, we may 
certainly claim that it forms one of the time boundaries in the geological 
history of our western continent. It may matter little whether we ca.Jl 
it Upper Cretaceous or Lower Eoceue, so far as the final re:,;nlt is con­
cerned. * * * Even the \'ertebrate paleontologists, who pronounce 
with great positiveness the Cretaceous age of the Lignitic group, do not. 
claim that a single species of vertebrate animal passes above the horizen 
I have defined from the well marked Cretaceous group below." 

The second of these papers is by Dr. A. C. Peale, who has' here per­
formed good service in preparing tables to illustrate the progress of 
opinion on this subject. In addition to this, however, after stating the 
character of his own investigations, he gives it as his opinion tb~t "the 
lignite-bearing beds e·ast of the mountains in Colorado are the equiva­
lent of the Fort Union group of the Upper Missouri, and are Eocene· Ter­
tiary; also, that the lower part ·of the group, at least at the locality 
two hundred miles east of the mountains, is the equivalent of a part of 
the lignitic strata of Wyoming;" but he thinks that "the Judith River 
beds have their equivalent along the eastern edge of the ·mountains, 
below the Lignite or Fort Union group, and also in 'Vyoming, and are 
Cretaceous, although of a higher horizon than the coal-bearing strata 
of Coalville aitd Bear River, Utah. They' form either the upper part 
of the Fox Hills group (No.5) or a group to be called ~o. 6." · 

Finally we have another exhaustive paper by Mr. Lesquereux, in 
which be divides the arguments against the Tertiary theory into five 
propositions and answers each in detail. Important discoveri~s of fos­
sil plants had been made during the year !lt Point of Rocks; aDtl these 
are made to lend their weight to his argument. It is needless to say 
that his conclusions remained unchanged. 

The ninth volume of the final quarto reports of the Geological Sur­
vey of the Territories, consisting of Mr. Meek's report on the inverte­
brate Cretaceous and Tertiary fossils of the Upper Missouri country, 
appeared in 1816. In this report Mr. Meek takes the ground that the 
Judith River beds are distinct from the Fort Union group proper and 
of Cretaceous age, or at least probably so; but he is inclined to believe, 
from the occurrence of .similar forms in both, that they are the equiva-
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lent of the Bitter Creek series in Wyoming. As to the Fort Union beds, 
he adheres to his former opinion, that they represent the lower Eocene. / 
He deprecates the attempt to unify all the lignite-bearing rocks, and 
remarks: "The presence or absence of lignite proves nothing of itself, 
as lignite undoubtedly occurs in both Cretaceous and Tertiary rocks in 
the far West." In his comparisons of the Fort Union with the Wyo!ning 
deposits he states that the species of the former are all different from 
those of the Bitter Creek group, and concludes that these groups at 
least cannot be equivalents. Mr. Meek's concluding remarks upon the 
conflicting testimony of fossils and its lessons (pp. lx, lxi) are a ·model 
of scientific reasoning, and doubtless went far to mitigate the acerbity 
of this prolonged debate. 

Powell's Geology of the Uintah Mountains was published the same 
year (1876) as the report last mentioned, and contains an important con­
tribution to the present subject. Professor Powell aild Dr. C. A. White 
had gone carefully over the disputed ground of the Bitter Creek dis­
trict, tracing it up to its junction with the Washakie and Green River 
beds on the west, and in this volume both these authorities record their 
conclusions, which are in substantial accord. The former remarks (p. 
67): "The relation of these groups to those established by Professors 
Meek and Hayden on the Upper Missouri is not well determined. * * * · 
All the evidence that has been published by Dr. Hayden and members 
of his corps concerning the Park Province, and all my own observations 
in that region, lead me to the conclusion that a long chain of islands 
stretched in a northerly and southerly direction through that region of 
country, separating the Cretaceous sea of the Plateau Province from 
the Cretaceous sea of the Upper Missouri." 

Between Black Buttes Station and Point of Rocks Station, on the 
Union Pacific Railroad, these gentlemen discovered- a "ph~·sical break" 
in the series, exposing at the latter point a lower formation; and at this 
point they fixed the line between Mesozoic ::md Cenozoic strata, assign­
ing, in the table of groups on page 40, the Point of Rocks group to the 
Cretaceous and the Bitter Creek grou1) to the Tertiar;y, On this subject 
Professor Powell says (p. 71): ''On account of the discussions which 
have arisen concerning the age of certain beds of lignitic coal, the plane 
of demarkation between the Cenozoic and Mesozoic may subject me to 
criticism; but, geologicall;, the plane is important, as it represents a 
decided physical change, and it certainly harmonizes "ith the opinion 
of paleontologists to a degree that is somewhat surprising. All of the 
plants described by Professor Lesquereux and collected by himself ant.l 
others within this province have been referred by him to divisions in the 
Tertiary, and are found in strata above this physical break, and hence 
I agree with him in considering them Tertiary. * * * The conclusions 
reached from a study of the vertebrate paleontology by Professors 
Leidy, Marsh, and Cope entirely harmonize with this division of the 
Cenozoic and Mesozoic. There is a single exception to this: Professor 



422 FLORA OF THE LARAMIE GROUP. 

Cope described a Dinosaur found near Black Buttes Station as Creta· 
ceous. I have verified the determination of the stratigraphic horizon . 
by examining the plac~ and finding other Dinosaur bones; but this hori­
zon is above the physical break, and the evidence of the Dinosaur seems 
to be contradicted by the evidence furnished by many other species 
described by Professor Cope from about the same horizon." 

Dr. White also discusses this question in the same volume, and states 
his reasons for regarding the Point of Rocks beds as Cretaceous in the 
following words (pp. 83, 84): "There is no physical break between this 
group and the Salt Wells group below it. Its strata contain at least 
three species of Inoceramus, which genus has never been known in 
strata of later date than the Cretaceous period. Odontobasis, a species 

. of which has been obtained from near the summit of the group, is re­
garded as a Cretaceous genus ; and in view of the facts before stated, 
that land and fresh- and brackish-water mo11usks are comparatively 
valueless as indices of the passage of geological time, the presence of 
no known forms in its strata forbids the reference of this group to the 
Cretaceous period." 

On the other hand, the Bitter Creek series proper is referred to t!le 
Eocene, and to the question" Why has the div:iding line between the 
strata of the Tertiary and Creta-ceous periods been drawn where it is 
rather than at some horizon either above or below it~" his answer is': 
" There is no physical break in the Cretaceous strata from the base of 
the series to the top of the upper, or Point of Rocks group, at which 
horizon there is at all observed points, extending over a large region, a 
considerable unconformability by erosion of the lower strata of the 
Bitter Creek group upon the upper strata of the Point of Rocks group 

. (p: 87)." 
The second volume of the Reports of the Geological Exploration of the 

Fortieth Parallel by Mr. Clarence King, which appeared inl8771 contains 
exhaustive papers upon the geology of this region by Messrs. Arnold 
Hague and S. F. Emmons, who had studied the rocks with great care. 
Both these gentlemen agree in referring the entire lignite-bearing series 
to the Cretaceous. They do not draw the nice distinction made by 
Messrs. King, Powell, and White, but Mr. Hague seems to have no 
doubt that even the Carbon coals belong there, while Mr. Emmons siln· 
ilarly disposes of those of Evanston. In this report the term Lignitic 
is {lbaudoned altogether and the term Laramie is applied to this forma­
tion. Mr. Emmons constantly speaks of the ''Laramie Cretaceous" and 
the "Laramie group," the _latter of which terms bas now been generally 
adopted and extended over a much wider area. 

In his vice-presidential address, delivered before the American Asso­
ciation for the Advancement of Science, at Nashville, Tenn., August 30, 
1877, Prof. 0. C. Marsh expressed himself as follows upon the general 
subject under discussion: "The boundary line between the Cretaceous 
and Tertiary in the region of the Rocky Mountains has been much in 
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dispute during the last few years, mainly in consequence •>f the uncer­
tain geological bearings of the fossil plants found near this horizon. 
The accompanying inver~ebrate fossils have thrown little light on the 
question, which is essentially, whether the great lignite :o;eries of the 
\Ve8t is uppermost Cretaceous or lowest Eocene.· The evidence of the 
numerous vertebrate remains is, in my judgment, decisive, and in favor 
of the former view." 1 

.At about this time the researches of Dr. C. A. White, \vho had be­
come deeply interested in this formation, began to bring forth important 
results. His "Paleontological Papers" commenced to appear in 1877, 
as contributionf3 to the Bulletins of Dr. Hayden's Survey, in the third of 
which be drew up tables of the groups of the Green River and Upper 
Missouri River regions. It was here that he employed the term "Post­
Cretaceous," to include the Laramie group of the King Reports and the 
lower third of the Wasatch group, 'and correlating the Judith River 
with the Laramie apd the Fort Union with the Wasatch group. In 
the fifth of these papers., published· the same year, he enters more 
fully into the discussion of the age of these groups and remarks: 
"With a few doubtful exceptions, none of the strata of the Laramie 
group were deposited in open sea waters; and, with equally few excep­
tions, none have yet furnished invertebrate fossils that indicate the 
Cretaceous rather than the Tertiary age of the group. These latter 
exceptions are some Inocerami that have been obtained upon the lower· 
cop.fines of the group, and doubtfu1ly referred to it rather than to the 
Fox Hills group below; and also a species of Odontobasis frQm strata 
near the top of the group, two miles west of Point of Rocks Station, 
Wyoming. The latter genus, established by Mr. Meek, is compa.ra. 
tively little known, but it was regarded by him as characteristic of the 
Cretaceous period. This constitutes the slender evidence of the Cre­
taceous age of the Laramie group that invertebrate paleontology has 
yet afforded. 

"Again, the brackish- and fresh-water types of Mollusca that are 
afforded by the Laramie and the lower portion of the Wahsatch group 
are in most cases remarkably similar, and some of the species of each 
group respectively approach each other so nearly in-their characteris­
tics that it is often difficult to say in what respect they materially difler; 
Moreover, they give the same uncertain indication as to their geologi­
cal age that all fossils of fresh- and brackish-water origin are known 
to do. 

''It is in view of the facts heJ:e stated, and also because I believe that 
a proper interpretation of. them shows the strata of the Laramie group 

·an<l the base of the Wabsatch to be of later date than any others that 
have hitherto b~en referred to the Cretaceous period, and also earlier 

1 Proceedings of the American Association for the Advancement of Science,l877, 
page229. 
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than the Eocene epoch, that I have decided to designate thpse strata 
as Post-Cretaceous, at least provisio'nall.r ." 

By a remarkable coincidence this term Post- Cretaceous was applied 
to t,he lignitic beds of the Trinidad district, New Mexico, by Dr. F. lVI. 
Emllicb, in the Annual Report of the Geological Survey of the Territo­
ries for 1875 (p. 206), published in 1877; but it is impossible to_ say 
w.Pich of these reports should have priority, and as the term has now 
been genemlly abandoned this is q~ite unimportant. 

In the death of Mr. F. B. Meek the science of invertebrate paleon­
tology lost one of its ablest \'Otaries, and but for the fact that Dr. C. A. 
White had already entered the field in this role as well as in that of 
stratigraphical geologist, this department of research in our western 
formations might have been sadly neglecte_d. But the now rapidly in­
creasing writings of the latter author fully supplied the place of the 
former, and the contest went on. In the Annual Report of Dr. Hay· 
den's Survey for 1876, published in 1878, Dr. White reports his opera­
tions during the years 18,76 and 1877 in Colorado, in•which paper be 
takes occasion to dra'w up a section of the rocks and to prepare a table 
of correlated general sections which are highly instructive. Confining 
ourselves to the Laramie group, we see that be adopts that term and 
makes it commensurate with his Post-Cretaceous, to which he still ad­
heres, and also with the Laramie of King and the Lignitic of Meek and 
Haydet;~. The Point of Rocks group of Powell begins with the Laramie, 
but !'>tops at a lower horizon, his Bitter Creek group occupying the re­
mainder, and the whole of the Wasatch (the Vermilion Creek group 
of King). In defense of his course iu receding from his former posi­
tion, in which his views agreed with those of Powell, he says: "After 
a careful examination of the exteusi\'e ex.posures of this series of strata, 
as well as those of the Wasatch group above it in this district, I have 
failed to discover any unconformity such as exists in the valley of Bit­
ter Creek. Therefore, the greatest unconformity that is now known to 
exist among any of the strata from the base of the Cretaceous to the 
top of what I here designate as the Post-Cretaceous, is found among 
the strata of the latter group, and not at its top. In this district and 
the region immediately a1ljoiuing it, whatever catastrophal or secular 
changes may have meanwhile taken place elsewhere, or even extending 
within its limits, sedimentation was evidently continuous and nnbroken; 
not only through this series itself,. but also into and through the whole 
Wasatch group. 

" The fac.t that this series passes insensibly into the Fox Hills group 
below, and into the Wasntch group above, renders it difficult to fix 
upon a stratigraphical plane of demarkation, either for its b,ase or sum­
mit. I have, therefore, decided to regard this group as essentially a 
brackish-water one, referring all strata below that contain any marine 
Cretaceous invertebrate f~rms to the Fox Hills group, beginning this 
series with those strata that contain brackish- and fresh-water forms,' 
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and ending it above with those strata in which the brackish-water forms 
finally cease. Thus defiued, the whole series seems to form one natnral 
paleontological group, as well as to be a sufficiently distinct strati­
graphical one, for which I hare adopted the name of La.ramic group of 
King." 

·In giving his reasons for adhering to tbe name Post-Cretaceous, Dr. 
White further says: "The Jiora 'of tbis group is understood to be w holl~­

of Tertiary types, according to Professor Lesqnercnx. None of its in­
vertebrate fossils are of distinctive Cretaceous type~-1, although fossils 
oLsimilar· types are known to o.ccur in Cretaceous as weil as Tertiary 
strata. 'So far, then, as the flora and invertebrate fauna are concerned,· 
there is notbing to indicate the Cretaceous age of the group. In fact, 
invertebrate paleontology is utterly silent ·upon the subject. On the 
contrary, Professor Cope fin<ls reptilian remains, even in the uppermost 
strata of the group, that be regards as of Cretaceous type. I believe 
that, upon the evidence of invertebrate paleontology, the Fox Hills 
group is later than the latPst Cretaceous strata of Europe; and I there­
fore regard the Ijaramie group as occupying transitional ground be­
tween the well marked Cretaceous and Tertiary groups, but this opinion 
is only tentatively held until further facts are obtained." 

The term Post-Cretaceo~ts is employell by both Endlich and Peale in 
their reports in this volume (pp. 77, 109, 181-). · 

In his seventh Paleontological Paper (Bulletin U. S. Geological Sur­
vey of the Territories, VoL IV, No.3), dist.ril~uted in 1878, Dr. White 
greatly extends the boundaries of the Laramie group, making it em­
brace" both the Judith RiYer and Fort Union series of the Upper Mis­
souri Hiver; the Lignitic series east of the Rocky Mountains in Colorado; 
the Bitter Creek series of Southern Wyoming and the adjacent parts 
of Colorado; and also the' Bear River estuary beds,' together with the 
Evanston coal series of the valley of Bear River and adjacent parts 
of Utah," as well as strata known to exfst in other large and widely 
separated districts of the western.portiou of tl1e National domain, and 
he gives a list of species characteristic of the group, showing their dis­
tribution throughout these several districts . 

. Mr. Leo Lesquereux's so-called "Tertiary Flora" constitutes the 
seventh volume of the final reports of the Geological Survey of the Ter­
ritories under Dr. F. V. Hayden, which, of course, embraces the plants 
of the Laramie group. In it Mr. Lesqnereux has given full scope to the 
expression of his views upon the age of this group, and it is natnra.Ily 
here that we must look for the most able and exhaustive treatment of the 
subject thus far presented by this author. In the letter of Dr. Hayden 
to the Secretary of the Interior transmitting this report, and which bears 
date January 1,.1878, he again reviews this subject and remarks: "The 
author states that his final conclusions do not differ materially from 
those already advanced .by myself, and he regards the evidence as con­
elusive that the Lignitic group is of Tertiary age. This result is grati-
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fying, ~ot only as settling the question at issue, but as silencing criti­
cism of the value and reliability of the general work accomplished by 
the survey under my direction." But in this same letter Dr. Hasden 
also declares his conviction, more than once before expressed, but not 
as yet, so far as I know, accepted by either Lesquereux or Newberrs, 
''that the Fort Union beds of the Upper Missouri River are the equiva­
lent of the Lignitic formation as it exists along the base of the Rocky 
Mountains, in Colorado," as well as of the Bitter Creek series west of 
the Rocky Mountains, as argued by Dr. White, and be says: "It is· 
also probable that the brackish-water beds on the Upper Missouri must 
be correlated with the Laramie, and that the Wahsatch group as now 
defined and the Fort Union group are identical as a whole, or in part 
at least." 

As Mr. I~esquereux's conclusions expressed in this report are the same 
as he had held throughout the discussion, and the arguments not new, 
no further elucidation of them is necessary. 

Volume I of Mr. Clarence King's Geological Reports of the Survey of 
the Fortieth Parallel, treating of the systematic geology, and written by 
Mr. King himself, did not appear untill878. His views upon this ques­
tion were looked for with great interest, though it was, of course, to be 
expected that they would coincide generally with those of-his assistants 
already published in other volumes. Notwithstanding the tendeucy, 
which had been marked for several J'ears, to regard the attempt to as­
sign the Laramie group to either the Cretaceous or Tertiary age as not 
only profitless but rather puerile, inasmuch as its relative position in the 
western American system was so well settled, Mr. King did not consider 
it beneath the dignity of this stately report to approach the subject 
mueh from the old standpoint and record his position in nearly conven­
tional terms. He says (p. 350) : "Aside from the Taconic system, no 
single geological feature in all America has ever given rise to· a more 
extended controversy than the true assignment of the age of this group. 
On data which will presently be set forth, it is assumed by us to be the 
closing member of the Cretaceous series, and the last group of the 
great conformable system which east of the Wahsatch stretches upward 
from the base-of the Cambrian." 

The Yiews that bad been _put forth in opposition to this be then ar­
ranges into a series of seven "assumptions," which he proceeds to con­
sider and dispose of in the order laid down. As some of these points 
are admitted and others not vital, they need not be noticed seriatim; a 
few extracts must suffice. He says (p. 352): "A comJ)lete refutation of 
assumption three, that the fauna proves a Tertiary, not a Cretaceous age, 
is found in the fact that the evidence of a meagre molluscan life and a 
large range of plants cannot be held to weigh against the actual pres­
ence of Dinosauria in the very uppermost Laramie beds, and, as will 
appear in the sequel, of an abundant lowest .Eocene mammalian fauna in 
the unconformably overlying,. VermiHon Creek· group. * * * As-
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sumption number five, as to the co11formity of the Laramie with the 
Wabsa.tcb group, I shall presently proceed to show, is based upon im­
perfect knowledge, and is abundantly disproved by repeated sections." 

Relative to the Fort Union group, he admits that be bad never visited 
that locality, but notes the-conflicting evidence of vertebrate and vege­
table remaintS, and Mr. Lesquereux's silence upon the latter in his Tertiary 
Flora, and remarks (p. 353) that "the further correlation of the upper 
plant-beds of Fort Union with theW ahsatch (my Vermilion Creek) seems 
the most prodigious stracin. The Wabsatch (Vermilion Creek), or un­
mistakable lowest Eocene, id nonconformable with the Laramie. The 
relations of conformity _,or nonconformity between the plant-bearing 
beds of Fort Union and the Dinosaurian beds are not given, and there 
is reason to believe tba,t the plant beds represent a horizon of the great 
White River Miocene series, which underlies the Pliocene over so large a 
part of the Great Plains. * * * I apprehend that the plant horizon 
at. Fort Union will be found to be nothing but the northward extension 
of the White River Miocene." - ' 

Professor Cope's paper on 1torizons of extinct vertebrata, ·in the fifth 
volume of thEi Bulletins of the United States Geological and Geo­
graphical Survey of the 'rerritories (No. I, Art. II), which appeared early 
in the year 1879, is of special value as the first attempt to correlate the 
Laramie group with European strata. upon the evidence of vertebrate 
remains. This discussion was repeated without essential change in his 
great work which forms Book I of the third volume oftbe final quarto 
reports of that Survey, published in 18S4. The general result is a still 
further yielding on the- part of the writer to the views of the inverte­
brate and vegetable paleontologists against the decidedly Cretaceous 
character of the group. He shows in an instructive way that it bears 
a very close relation to the Sables of Brachei.Ix and Conglomerates 
of Ceruy, which are Eocene, but with this .difference, "that the char­
acteristic genera of reptiles and fishes of the Laramie of North Amer­
ica are in America associated with Cretaceous D·inosauria and not 
with Mammalia; while in Europe they are associated with .llfammalia and 
not wi'th Dinosauria." And be adds: "In arranging the Laramie group, 
its necessary position is between Tertiary and Cretaceous, but on the 
Cz:etaceous side of-the boundary, if we retain those grand divisions, which 
it appears to me to be desirable to do;" and he admits "that another 
formation must be added to the series already x:ecognized in France, 
viz, the Laramie, or Post-Cretaceous." This he does in "his table of 
correlated general sections, on page 50, making the Post-Cretaceous 
embrace the Laramie and the Puerco, the former in turn being equiv, 
alent to the combined strata of the Judith River and Fort Union 
deposits. 

Dr. C. A. White's elaborate report upon his extensive field researches 
made in 1877 appeared in the Annuall~eport of the Geological Survey of 
the Territories for tl~at ;year, which, however, did not see the light till 
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1879. Dr. White hall spent the entire season in the exhaustive study 
of the various outcrops of the I•aramie in Colorado and Wyoming on 
both sides of the Rocky Mountains, and had made large and valuable 
collections, which he had. worked up with care, and which form the sub­
stantial basis for his conclusions as here set forth. In his ''general 
discussion," which follows the detailed report, starting with "the unity 
of all the principal brackish-water deposits hitherto known in the 
Western Territories, and * * * their recognition as a comprehensive 
group of strata under the name of the Laramie group, which represents 
a great period in geological time, and especially such in the geological 
history of North America," he proceeds to discuss, not so much the age 
of the group, as the conditions of its deposition and the geological 
history of the western part of the continent following the close of true 
Cretaceous time. Into this discussion, though confessing its superior 
importance, we cannot here enter, but must be content to cite a passage 
or two to show to what. conclusions be had now come relative to the age 
of the Laramie group, its geographical boundaries, and the thickness 
of its deposits. He·says: 

"Resting directly up.on the strata of the Fox Hills group are those 
of the Laramie group, the latter, as already shown, having been, at 
least in part, deposited continuously with the former. The geographi­
cal boundaries of the great Laramie formation are not known, but its 
area embraces many thousand square miles, for it is known ·to extend 
from Southern Colorado and Utah northward beyond the northern 
boundary of the United States, and from the Wahsatch Mountains east­
ward far out on the great plains. It reaches a maximum thickness of, 
about 4,000 feet, an~_l its general lithological characteristics are similar 
to those of the Fox Hills.group, a known marine formation. · Its fauna, 

· howe,;er, has been shown to be largely of brackish- and partly of fresh­
water origin, and not marine. ~urthermore, tl!-e brackish-water species 
are distributed throughout its entire thickness and its whole geograph­
ical extent. Tl1ese facts, together with the absence from all the strata 
yet examinPd of any true estuary characters, show that the Laramie 
group was deposited in a great brackish-water sea. * * * 

"In the foregoing report I have purposely avoided an expression of 
opinion as to the true geological age of the Laramie group, because, 
notwithstanding the positive opinions that have been expressed by oth­
ers upon that subject, I regard it as still an open question. * * * The 
claim that Cretaceous types of vertebrates are found in even the higher 
strata of the Laramie group is freely conceded, and I have no occasion 
to question the reference that has been made of its fossil plants, even 
those of the lowest strata, to Tertiary types. The invertebrate fossils 
of the group itself, as I have elsewhere shown, are silent upon this 
subject, because the t;rpes are either unique, are known to exist in both 
.\lesozoic and Tertiary strata, or pertain to living as well as fossil forms. 
Every species found in the Laramie group 'is no doubt extinct~ but 
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the types have collectively an aspect. so modern, that . one almost in­
stinctively regards them as Tertiary; and yet some of these typt>s are 
now known to have existed iu the Cretaceous and even in the Jurassic 
period. 

"In view of the conflicting and silent character, respectively, of these 
paleontological oracles the following suggestions are offered: It is a 
well-known fact that we have in North America no strata which are, 
according to European standards, equivalent with the Lower Creta­
ceous of Europe, but that all North American strata of the Cretaceous 
period are equivalent with those of the Upper Cretaceous of that part 
of the world. That the Fox Hills group is of Upper Cretaceous age 
no one disputes, the only question lwiug as to its place in the series. 
A comparison of its fossil invertebrate types with those of the Euro­
pean Cretaceous indicates•that it is at least as late as, if not later than, 
the latest known Cretaceous strata in Europe. If, therefore, that par­
allelism is correctly drawn, and· the Laramie g·ronp is of Cretaceous 
age, we have represented. in America a great and important period of 
that age which is yet unknown in any other part of the world. Be· 
sides this, we may reasonably conclude that the Fox Bills group of 
the West is equivalent' with the Upper Cretaceous strata of the Atlan­
tic and Gulf coasts, O('tween which and the Eocene Tertiary of those 
regions there is no known equivalent of the Laramie group. 
, '' If paleontologists should finally agree upon regarding the Laramie 
group as of Cretaceous age, it must be because of the continuance of 
certain· vm·tebrate Cretaceous types to the close of that period, and 
the pr('sence of mammalian Tertiary types in the strata immediately 
following; but the following facts, in addition 'to those which have been 
already stated, should be carefully considered before any such agree­
ment is made : 

"With rare and ·obscure exceptions no mammalian remains are known 
in North Americ'an strata of earlier .. date. than that of those which were 
deposited immediately after the close of the Laramie period and upon its 
strata. Immediately from and after the close of the Laramie period 

· their abundant remains in the fresh-water-Tertiaries of the West show 
that highly-organized mammals existed in great variety and abun­
dance; all of which rna,\ be properly regarded as constituents of a Tlw­
tiary fauna, and many of which are by accepted standards of distinct 
iyely Tertiary types. If the presence of these forms in the strata re­
ferred to, aud their absence from the Laramie strata immediately l.Je, 
neath them, together with the presence of Dinosanrians thert>, be held 
to prove the Tertiary age of the former strata, then was the Tertiary 
period ushered in with most unnatural suddenness. Sedimentation was, 
at least in part, unbroken between the Laramie group and the strata 
which contain the mammalian remaius referred to, so that the local con­
ditions of the origin of all of them were substantially the same, and 



430 FLORA OF THE LARAMIE GROUP. 

yet, so far as any accumulated evidence shows, those mamrualia were 
not preceded in the Laramie period by any related forms. Such sud­
denness of introduction makes it almost certain that it was caused by 

- the removal-of some p):i.vsical barrier, so that ground which was before 
potentially Tertiary became so by actual faunal occupancy. In other 
words, it seems certain that those Tertiary mammalian types were 
evolved in some other region before the close of the Laramie period, 
where they existed contemporaneously with at least the later Laramie -
Dinosaurians of Cretaceous types, and that the barrier which separated 
the faunre was removed by some one of the various movements con­
nected with the evolution of the continent. The climate and other 
phJsical conditions which were essential to the existence of the Dino­
sauriaus of the Laramie period having evidently been continued into 
the Tertiary epochs that are represented by the Wabsatch, Green River, 
and Bridger groups, they might doubtless have continued their exist­
ence through those epochs as well as through the Laramie period, but for 
the irruption of the mammalian horde, to which they probably soon 
succumbed in an uneq nal struggle for existence." 

From the above extracts it will at once be seen that Dr. White had 
now succeeded in raising this discussion from the comparatively trivial 
question as to the name which should be given to the age occupied by 
the Laramie group to one inYolving not only the manner in which the 
continent was formed, but also the origin, development, extinction, and 
succession of the different forms of life which have left in the rocks a 
trace of their former presence as constituting its inhabitants. The 
considerations last urged have an especial interest from the point of view 
of vegetable paleontology, which presents a close parallel; though at a 
considerably lower horizon. 

In the next annual report Dr. White goes over the same ground 
and sets forth .his views anew, supported by fresh facts. In fixing the 
boundaries of the Laramie sea, he says (p. 49): ''The geographical limits 
of the Laramie group are .not yet .fully .known, but strata bearing its 
characteristic invertebrate fossils have been found at various localities 
within a great area, whose northern limit is within the British Posses­
sions and whose southem limit is not further north than Southern Utah 
and Northern New Mexico. Its western limit, so far as known, may be 
stated as approximately upon the meridian of the Wabsatch range of 
mountains, but extending aE> far to the southwestward as the southwest 
corner of Utah, and its eastern limit is far out on the gre·at plains, east 
of the Rocky Mountains, where it is covered from view by late forma­
tions and the prevailing debris of the plains. These limits indicate for 
the ancient Laramie sea a length of about one thousand miles north 
and south, and a maximum width of not less than five hundred miles. 
Its real dimensions were no doubt greater than those here indicated, es­
pecially its length ; and we may safely assume that this great brackish· 
water sea had an area of not less than fifty thousand square miles." 
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He reiterates his statement that ''With the exception· of one species of 
Axinrea, one of Nuculana, and one or two of Odontobasis, no species 
usually regarded as of marine types have been found in any of the 
strata of the Laramie group," and pronounces all statements in conflict 
with tuis, even though made by himself, as the result of errors in strati­
graphical determination. He also repeats the remark (p. 51) that "among 
all the invertebrate fossils which have yet been discovered in the strata of 
the Laramie group, none of the types are distinctively characteristic of 
the Cretaceous periou according to any hitherto recognized standard," 
ami he adduces a mass of facts in support of the view previously.ad-

. vocated, "that the Laramie is really a transitional group between the 
Cretaceous beneath and the Tertiary above (p. 52)." 

In the sixth volume of ·Prof .. Oswald~Heer's great work on the Arctic 
fossil flora,I the eminent Swiss paleontologist approaches this question 
of the age of the American plant-bearing beds. As might be.expecte·d, 
he strongly defends Mr. Lesquereux's position as to the Eocene age of 
the Laramie group against the arguments of those who would refer it 
to the Cretaceous. He characterizes the doctrine that the Dinosaurs 
became extinct at the close of the Mesozoic as a " dogma," anti, speaking 
of Cope's Agatltaumas, says that it by no means proves that a Tertiary 
flor!l> 'was contemporary with a Oretaeeous fauna, "for a single animal 
does not make a fauna any more than one plant makes a flora," and 
instances the animal forms also found by Cope-and others at the same 
horizon, which agree better with the Eocene faunas of France. 

In the supplement to the third volume of the reports of Lieutenant 
Wheeler's Survey, which bears date 1881, Mr. John J. Stevenson again 
discusses the age of the Laramie group, adhering as warmly as ever to· 
his previous views. .As in his former reports, notwithstanding frequent' 
denials in the meantime, he still insists (p.154) that "farther north in Col­
·orado characteristic Fox Hills fossils were obtained in abundance near 
the summit of the fully recognized Laramie." This anu the further state­
ment (p. 154) that "the fauna is either marine or brackish-water" are 
both contrary to the definition of the Laramie group as laid down by 
Dr. White, aud indicate that this geologist had been unable to distin­
guish the marine from the brackish-water strata. In his final con­
clusion tb.at the Laramie merely constitutes the upper part of the F?x 
Hills group (p. 158), Mr. Stevenson seems to be sustained by no other 
authority, even the stratigraphical geologists, fully aware of the con­
formity of the deposition, not being willing to regard .a marine and a 
brackish-water deposit as a single homcgeneous group. 

The Third .Annual Report of the United States Geological Surw~y, 
published in 1883, contains Dr. White's "Review of the non-marine 
fossil mollusca of North America," illustrated by 32 plates, 22 of which · 
are devoted to species of the Laramie group, all of which are described 

1 B!li~rii~e znr mioceneu l<'lor:a von Nord-Canada. -Ziirich, 1&!0; pp. 6-10. 
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in the text, and which furnish a thorough and complete account of the 
im,ertebrate fauna of that group. In the" Introductory remarks" whic4 
precede and the "General discussion" that follows this "A.nnotated 
Catalogue," Dr. White again sets forth his views upon this great series 
of rocks, which, however, had ut)dergone-uo· change. Although he now 
drops the term Post Cretaceous, he still regards the Laramie group "as 
a transitional group between the Cretaceous and Tertiary series, and 
therefore as representing a period partaking of both the Mesozoic and 
Cenozoic ages." In defining the group anew, he says that "the 'Judith 
Bi\'er group,' 'Fort Union group,' 'Lignitic gr,JUp,' 'Bitter C"eek coal 
series,' 'Point of Hocks group,' and 'Bear River estuary beds,' are all 
parts of the great Laramie group," but that ''the 'Wahsatch group,' 
'Vermilion Creek group,' and 'Bitter Creek group' are regarded as at 
least approximately equivalent strata, constituting the oldest member 
of the purely fresh· water Eocene Tertiary series of deposits in the West." 

The most important part of this paper is the acute and suggestive 
geognostico biological discussion it contail)s respecting the origin and· 
evolution of these brackish- and fresh-water invertebrate forms, but this 
is outside of our present limits, and need only be referred to. 

The appearance of Prof. Archibald Geikie's new Text-Book of Ge­
ology, containing allusions to western American deposits, called forth 
from Dr. White a \'igorous protest in his article on "Late Observations 
concerning the Molluscan Fauna, aud the Geographical extent of the 
Laramie Group," in the American Journal of Science for March, 1883, 
in which he pronounces some of these statements,erroneous, and says: 
"I do not hesitate to assert that not one of the molluscan species men-

. tioned in that statement was ever found in strata of the Laramie group, 
the non-marine forms which he mentions being evidently those which 
were discovered by Mr. Meek in an estuary deposit of true Cretaceous 
age, at Coalville, Utah. Furthermore, not one of the numerous specit,Js 
which do characterize that group are anywhere mentioned in the uook;" 
and, referring to 1\Jr. Ste\·enson's writings, he says in the sam~· article:· 
''That any true Laramie strata ever alternate with those of the Fox 
Hills group, or any other marine Cretaceous group, or that any true 
marine fossils were eyer collected from any strata of the Laramie group, 
I cannot admit. I regard all such statements as the result of a misun­
derstanding of the stratigraphical geology of the region in which such 
observations are said to have been made." 

HaYing received a collection of typical Lammie.fossils from the State 
of Nuevo JJeon, Mexico, Dr. White is now able to extend the southern 
Jimit of the r~aramie group to that point, and be states that the facts 
"show more and more clearly the integrity of the molluscan fauna of 
the great ancient iutra-continental sea in which the Laramie group was 
deposited, aud its separateness from the faunre of all other North Ameri~ 
can groups of strata (op. cit., p. 209)." . · 

The latest utterance of this protraetell debate is that of Mr. Lesque-
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reux, in his new work just issued from the press on the" Cretaceous and 
Tertiar,y Floras of the '.V estern Territories." 1 He here consents, in 
harmony with the genen1.t tendency of the time, to drop the term Eocene 
from the title of this chapter and treat simply of the "Flora of the 
Laramie group," without., however, surrendering his conviction that that 
group belongs to Eocene time, which he reasserts, although he now 
admits that "the flora of the Laramie group has a relation, remarkably 
well defined, with that of Sezanne," to the east of Paris, where the plant 
bearing travertines of the Lac de l~illy yield, according to the Marquis 
Saporta, the oldest Tertiary flora yet discovered. He reviews there· 
cently expressed views of 'Nhite, Cope, and others, and seems quite 
well f'atisfied with the state of opinion at the date of writing with re­
spect to the age of the Laramie gronp. 

NATURE AND EXTENT OF THE LARAMIE GROUP. 

In the foregoing review of opinion I have sought to illustrate the 
history of our knowledge of this remarkable formation of American 
rocks, and to show how, as that knowledge increased, the wide fluctua­
tions which characterized the period of general ignorance and limited 
informat.ion gave way to a gradual convergence of views, an equilibra­
tion, as it were, of ideas, which is still going on and tending steadily 
toward the final settlement. of opinion in harmony with all the facts. 

I have given special prominence to the evidence furnished by anilllal 
remains aml by stratigraphy, purposely le~wing that from vegetable 
remains, &enerally consistent with itself, undiscussed, because they form 
the principal subject of thi)l paper aml can better be treated by thern­
sel ves iu a futqre place and iu connection with other problems of greater 
real importance tllan tllat of their geological age. 

One of the advantages of the historical method here employed is that 
. it obviates the necessity of offering any special description of the group 
under consideration as introductory to ·the treatment of its flora, the 
reader being now much better prepared to understand such treatment 
_than auy preliminary explanations of my own could have rendered him. 

He perceives, from what has been said, that the Laramie group is au . 
extensive brackish-water deposit situated on both sides of the Rocky 
Mountains and extending from Mexico far into the British North 
American territory, having a breadth of hundreds of miles and repre- · 
senting some 4,000 feet thickness of strata. He can readily see that 
when this deposit was made an immense inland sea must have existed 
whose waters occupied the territory now covered by the Rocky Mount­
ains. These waters were partially cut off from the ocean by intervening 
land areas, through which, Lowever, one or more outlets existed com­
municating with the open .sea at that time occupying the territor~ of 

1 Report of the United States Geological Survey of the Territories (Hayden), Vol. 
VIII, 1&33, pp. 109-114. 
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the Lower Mississippi and Lower Rio Grande Valleys. That this great 
inland sea spread o>er this entit·e territory is not at all disproved by 
the absence of Laramie strata from large parts of it, since these parts 
are situated, in most case:s, in mountainous regions wlwre the upper 
strata might be expected to have bee!t generally erodell away. 

This Laramie sea existed during an immense period of time and was 
finally out very gradually drained by the elevation of its bed, through 
nearly the midcUe of which longitudinally the Rocky 1\'Iountains and 
Black Bills now run. The exceeding l'>lowness of this event is shown 
by the fact; so clearly brought out by Dr. White, that the marine forms 
of the Fox Hills strata, as they gradually found themselves surrounded 
by a icss and less saline medium on the rising of' the intervening land 
area., had time to oecome transformed and adapted to brackish-water 
existence, while these new-formed brackish-water species, when the sea 
at length became a chain of fresh-water lakes, had time again to take 
on the characters necessary to fresh-water life. 

Dr. White recognizes tbe fact that the upheaval of tbe strata that 
formed the oottom of this sea took place, not in one uniform process of ele­
vation, but in a prolonged series of rhythmic fluctuations of level, whose 
algeoraic sum constituted at length a mountain uplift. But the numer­
ous coal ~eams one above another that characterize the greater part of 
these beds, and equally the successive deposits of vegetable remains at 
different horizons, speak even more eloquently than any anim<tl remains 

· can do of the oscillatory history of the bed of this sheet of water. 
There may have been, ana doubtless w'ere, as Major Powell belie,·ed, 

many islands scattered over the surface of this sea in Laramie time, and 
the evidence generally warmnts us in assuming that a low, level country 
surrounded tlw sea, with marsl1y and swalllpy tracts. The islands and 
shores were heavily wooded with timber tluit can be as certainly known 
in its general character as we can know the timber of our present for­
e~ts. But that for the greater part of the Laramie period there also 
existed at no great distance a large amount of elentted land, there can 
be no doubt. '!'he deposits are chiefly siliceous in the southern districts 
and argillaceous in the northern, out the nature of their deposition 
points unmistakabl,v to the existence of large and turbulent rivers tlmt 
fell into t.l1e quiet sea aml brought down from areas of rapid erosion 
immense quantities of silt corresponding to the nature of the country 
over which they flowetl in their course. 'Vhere these elevated sources 
of this abundant detritus were then located is one of the great problems 
for the present and the future geologist to work out. 

The deposition of this material was almost always quiet, the pal'ticles 
suspended in the turbid waters of the streams silently sett.ling from 
the buoyant waters of the sea as fast as they became distributed about 
the mouths of the rivers, and thus embedding the leaves that periodically 
fell in vast numbers into it. The marked absence of fruits, stems, and 
other objects that possess considerable thickness shows that this was 
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' the case, and also affords a rude index to the rat.e of deposition, since . 

only such objects equid be preserved as· succeeded in being covered up. 
Thus by ascertaining the average rate of decay of vegetable substances 
and noting the .objects of maximum thickness which are found pre­
served, the time necessarjr to form a deposit of that thickness becomes 
approximately known. 

The discussions with regard to the age of the Laramie group which 
have been rapidly passed in review have, perhaps, sufficiently shown 
that it is impossible to refer that group either to the Cretaceous or to 
the Tertiary and in so doing harmonize all tlte facts that the group 
presents with those in conformity with which other deposits in other 
countries of the world have been so referred; but they have also suffici­
ently shown that this is not the fault of the inYestigators, but, so to 
speak, of the facts, and that the real disagreement is in the organic 
forms and the nature of the deposits, so that omniscience itself could 
never harmonize them with all kinds of forms and deposits in all parts 
of the world. It is, therefore, futile, and indeed puerile, longer to dis­
cuss. this question, and we can well afford to dismiss it altogether and 
settle down to the more serious study of the real problems which still 
lie before us. 

One of these problems is often confounded with the question of age, 
which should be rigidly distinguished from it. This is the question of 
synchronism. If it ~ould be :satisfactorily proved that the ~Laramie 
group was deposited at the same ab;;olute time as the iron sands of 
Aix Ia-Chapelle, the Credneria beds of Blankenburg, or the travertines 
of Sezaune, this would indeed bP- a great gain to science. But as the 
animal and vegetable remains cannot be made to agree, it seems hope· 
less to attempt to arrive at complete barmony in this respect. The 
most that can btl profitably undertaken is to find two or more deposits 
widely separated geographically in which either the floras, the inverte­
brate fatma8, or the vertebrate faunas substantially agTee. ..With regard 
to the im:ertebrate faunas this seems hopeless so far as the hiramie 
group is concerned. If that group was deposited in the manner above 
describeu, it would be difficult to find another which owed its existence 
to identical conditions; and if this state of things has occurred at more · 
than one point upon the globe, the chances are again greatly climin­
isheJ for it to have occurred at the same period of geologic time. But 
even supposing such a combination of coincidences possible, if the 
Laramie forms are the modified descendants of antecedent marine 
forms, there is no probability t.hat the con!litions at any other point on 
the earth's surface could be so nearly identical with those obtaming 
there that precisely the same modifications would take place to adapt 
the marine forms to the brackish-water _habitat. The chances are 
therefore infinity to one against the existence of other beds that shall 
contain an invertebrate fauna identical with that of the Laramie group ... 
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It is therefore truly surprising to learn that "several of the species 
found in the brackish-water layers at the base <;>f the Bitter Creek 
group are closely related to species found in similar deposits in Slavonia 
and referred to the Eocene Tertiary by Brusina." 1 

With regard to vertebrate remains, this objection does not apply, and 
could they be made to harmonize with themselves they might, perhaps, 
be trusted to some extent as indices of synchronism in widely separated 

,localities. But, as shown by Cope, they do not thus agree, for the Lara­
mie forms include genera that are regarded as characteristic of Creta­
ceous and others that are regarded as characteristic of Tertiary strata. 
This should surprise no one. The law that has been laid down by 
paleontologists, that the same epochs in geologic time produced the 
same living forms- which is the· convt'.rse of the assumption commonly· 
acted upon, that the occurrence of the same foems proves the beds 
containing them to be of the Same age-is contrary to the !JOW well 
established principles of geographical distribution, according to which 
the earth is subdi ,,ided into a large number of faunal areas more or less 
clearly marked off one from another. The peculiarity of this principle 
which is of most importance to paleontology is that these territorial 
subdivisions represent faunas not merely different from one another, 
but showing different degrees of biologic development as development 
is supposed to have gone on in the animal kingdom. Every one knows 
that the fauna of Australia belongs to an undeveloped type, being 
marsupial in aspect so far as its mammals are concerned. The types 
of South America are lower than those of North America, and the lat­
ter lower than those of Asia and Europe. If all the present faunas of 
the globe were buried under its soil it is clear that it would not only 
be impossible to harmonize the deposits of di1ferent continents, but 
that the inference now freely drawn by paleontologists that the less 
developed forms demonstrate their existence at earlier epochs would 
lead to grave mistakes and be generally false. New Zealand is now in 
its age of birds, while the Galapagos Islands are still in that of reptiles, 
or the Mesozoic age. 

VEGETATION OF THE LARAMIE AGJ;!:. 

Confining ourselves, then, for the future to the other kind of land 
life and the only remaining form of life, that of plants, we may look at 
the question of synchronism by the light of this class of data from the 
same general point of view as we have done by the light of the two 
kinds of animal life which we have just considered. And, first, what 
ought we to expect the flora of the Laramie group to teach respecting 
a;he synchronism of its deposits with those of other parts of the world~ 
·Clearly, as in the land vertebrate life, there is no special obstacle to this 
~form of inquiry, such as the invertebrate aquatic life presents, arising 

'Dr. White, in "Geology of the Uinta Mountains," p. 86. 
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out of the manner in which the Laramie sea was produced and the 
changing constituents of its waters. But all the other difficulties pre­
sent themselves here as in the case last considered. While the vege· 
table remains seem t"o be more harmonious in pointing to a somewhat 
later period of time for their deposition than do those of vertebrate 
animals, the impropriety of inferring absolute synchronism from sub­
stantial agreement of forms is here even greater than in the other case. 
Taking the present fl.om of the globe as a criterion, we find that the 
geographical distribution of plants is more uneven than that of animals. 
Floral realms are more numerous and distinct than faunal realms, and 
the more serious obstacle tbat some areas furnish types representing 
less developed floras than others exists here as in the case of animals. 
The Proteaceons and Msrtaceons flora of Australia may be regarded as 
rudely corresponding to its marsupial fauna. 

It is true that the paleontological ·doctrine of synchronism already 
stated is supported, as against the facts of geographical distribution, 
by the well established principle that older faunas and floras were char­
acterized by less variety and greater uniformity of distributiOn over 
the earth's surface, which is verified in a remarkable· manner by the 
well known uniformity of the flora of the Carboniferous epoch at all 
points where it has been discovered. And Baron Ettingshausen has 
shown that this principle continued in operation down to the close of 
the Tertiary age, though, of course, in a retlnce1l degree, so that the 
present extraordinary variety in the floras of different countries must 
be largely attributed to the agency of the successive glacial epochs 
which have occurred since Tertiary time in driving the floras south­
ward and oqt on the southern plains to be destroyed on the return of 
warmer climati.c influences or compelled to intrench themselves upon 
the summits of the mountain ranges, while new and constantly vary­
ing forms became developed to take their places in the lowlands. Still, 
the uniformitarian law, that in its m!->re general aspects the phenomena 
taking place on the earth in past geologic ages were the same as those 
which are still taking place, forbids us to assume that even as far back 
as Laramie time the same or any very similar flora occupied different 
hemispheres of the globe. 

This much, however, can be said in favor of the flora of the Laramie 
group as affording data for the study of its deposits: that its remains 
occur far molie abundantly than do those of any of the other forms of 
life. The low forest-clad shores and islands of the Laramie sea,. which 
probably extended back at many .points intQ_ extensive lagoons U:nd vast 
swamps, were peculiarly adapted for receiving, as its muddy waters 
were for embedding, the v:;trious kinds of vegetable matter that found 
their way into them. The swamps formed extensive beds of peat, and 
vast marshes densely covered with cane, bamboo, and scouring rush 
left thick annual accumulations of vegetable matter which, .at points of 
_slow teruporar~ subsidence, formed the coal beds. The plant beds which 
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usuall:v overlie these coal beds tell us that the rate of subsidence had 
now exceeded that of the growth of the deposit and the shallow sea had 
gained access, burying the last of the plants under its siliceous or argil­
laceous precipitations where they were preserved. Almost ever.~ where, 
even when no leaves or twigs are present, we find the stout subter­
ranean rhizomas of the cane antl the scouring rush, which, not having to 
be covered up, stood a far better chance to be preserved. Bnt in num­
berless places the profusion ·of leaves is so great that there is too little 
rock between them -to render it easy or even possible to separate them 
and obtain complete specimens. .Above the plant beds, and occupying 
the intermediate strata between these more. carbonaceous deposits of 
coal, reeds, and leaves, we find thicker and often massive beds of sand­
stone or marl, which seem to denote the presence over the former de­
posits of deep water produced by continued subsidence and the reces­
sion of the shore lines to distances too great for the access of the falling 
leaves, and the continuance of these conditions throi1gh prolonged pe­
riods of time . 
. If now we compare the flora of the great Laramie group~ as thus de-

- scribed, with its inverteorate fauna, as elaborated by Dr. V\Thite, we 
find that in its ensemble the former is much more variable than the lat­
ter. The dicotyledonous species differ greatly at different parts of the 
area covered by the rocks of this group, so greatly, indeed, that it is 
not surprising that both J\tlr. Lesquereux and Dr. Newberry regard the 
Fort Union plants as belonging to a different age from those of the 
·wyoming and Colorado Laramie. Still, l[s I shall endeavor to show, 
this difference is not so great as it at first appears, aiHl not sufficient 
to warrant this conclusion. In the first place, this difference appears 
chiefly in the dicotyledonous species, the only marked exception being 
that palms occur much more abundantly in the southern than in the 
northern districts. Tb.e same forms of reed-like plants are common at 
all points, while the Coniferm do. not differ more than might be ex­
peoted on the theory of synchronism. The same is true of tbe abund­
ant Equisetums, while very few ferns are found within the group . 

.Aside from the ,presence of .palms the flora of the lower districts in-
. dicates a difference of climate greater than can be accounted for by the 
small difference of latitude. This is proved by t-he great prevalence of 
the genus Ficus and the presence of Cinnamomnm, both of which are 
rare or wanting in the Fort Union group, while in the latter occur a 
great variety of l'opulus 'common to cold climates and the genus Corylus 
in abundance, absent from the W;yoming and Colorado beds. There are 
two ways in which these differences may be explained, or at least an 
explanation of them attempted, without denying the great difference 
of climate. In the first place, it is probable that the more southern 
parts of the Laramie sea were also much nearer· the ocean on both the 
east and the west sides, and hence enjoyed a more equable climate, as 
well as one more moist, such ·that few of the trees and shrubs would 
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lose their leaves by the action of frosts and that subtropical species, 
like the palms, the figs, and the cinnamons, could subsist. In the second 
place, it must be remembered that the Laramie period was a very pro­
longed one, and within it there was time for considerable alteration of 
climate on this continent or even on the whole globe. But even ad­
mitting that this was too slight to be perceptible, the changes that took 
place in the form of the continent and the distribution of land and . 
water on it duriug ·that time might have been sufficient to produce .. 
marked cJiects and render the later floras of the T1aramie age quite dif­
ferent from its earlier floras. 

The Fort Uuion beds, containing the genera Corylus, Sapindus, anu 
other forms of recent aspect not found in the Bitter Creek and Golden 
deposits, are believed to be high up in the series; and I have myself 
found and explored others within the general district included by that 
group which I have proved stratigraphically to occupy a considerably 
lower. horizon, and in which these forms of recent aspect not O_!)ly do 
not occur, but some of the most characteristic Laramie types, such as 
Trapa microphylla and Pistia corrugata, do occur, together with other 
forms not previously known as Laramie. In fact, it is well known that 

. the Fort Union Laramie is everywher~ thinner than tbe more southern 
deposits, none of the sections making it over 3,000 feet in tbickness. 
The beds.to wbich I refer rest immediately upon the typical Fox Hills, 
and therefore represent the lowest strata present in that section. I am 
not yet prepared to speak upon the -precise affinities of this lower Fort 
Union flora, not having completed the elaboration of my material, bnt 
I cari say this mucb, that besides containing some of the more southern 
Laramie forms, its general aspect indicates a much warmer climate than 

, that which prevailed at the time of the deposition of .the Uorylus and 
Viburnum beds above. 

Fully conceding, as I do, that the geological age of the Laramie 
group cannot, for the reasons stated, be proved by its flora alone, and 

· holding that even great similarity of flora would not be conclusive as 
to synchronism of deposit, I have still thought it instructive, 'in view 
of the warmth with which the Cretaceous and Tertiary theories for 

.the age of tbis group have been respectively advocated, to make some 
general comparisons of its flora with those of the extreme upper Creta­
ceous and lower Tertiary of those parts of the world where the strati­
graphical positi~n has been settled. In the several elaborate tables of 
distribution of the .species of the Laramie group which .Mr. Lesque­
reux has drawn up and employed to demonstrate its Eocene age, it is 
noticeable that he has seemed to ignore almost altogether the existence 

. of a large upper Cretaceous flora l;ying entirely above the Cenomanian 
and its American equivalent, tbe Dakota group. In a paper which ap· 
peared in the American Journal of Science for April, 1884, I succeeded 
in getting together 260 species of Dicotyledons alone from this forma­
tion, which I desiguated as Senonian, and in a table published in the 
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last Annual Report o-f the Geological Survey (1883-'~4, p. 440) I showed 
that 354 Senonian species were then known, a flora slightly larger than 
that of the Laramie group. The principal lomtlities from which this 
flora is derived are: the Iron sands of Aix-la-Cha!Jelle, the Credneria, 
beds of Blankenburg and Quedlinburg in the Harz Mountains, numer­
ous deposits in Westphalia, the Gosau formation in Austria, the Lig­
nites of Fuveau in Provence, France, the beds o~ Patoot,, Greenhmd, 
and those of the Peace and Pine Rivers, British America, and of Van­
couver and Orcas Islands on the Pacific coast. All of these beds are 
quite· definitely fixed in the upper Cretaceous, those of ~.Jurope being 
well known. As regards.the others, Professor Heer states that those of 
Patoot possesl;l a molluscan fauna identical with that of the Fox Hills 
group ofNorth America, and Mr. G. M. Dawson correlates those of the 
interior of British America with the Niobrara of Meek and Hayden, and 
those of the Pacific coast with the Fox Hills .. AU authorities agree, 
however, that all these beds are lower than the Laramie, and Dawson 
makes our Fox Hills the equivalent of the Maestricht and Faxoe beds, 
the white chalk, Danian, or .extreme upper Cretaceous of Europe. 

EXPLANATION OF THEt TABLE OF DISTRIBUTION. 

The following table aims to give all the fossil plants which have 
be(m thus far authentically described and recorded (1) in the Laramie 
group as above defined, (2) in the Senonian as last described, and (3) 
from the beds that have been unanimously ~referred to the Eocene. 
This last naturally excludes the Green River group, which is regarded 
as the American Eocene of the West by nearly all authorities except 
Mr. Lesquereux. As this one prominent author assigns the Laramie 
group (as defined by him) to the Eocene and places the Green River 
deposits in a higher formation, and as it is chiefly to test this question 
that the table and its discussion are intended, It would manifestly viti­
ate the argument to prejudge the question by adding the Green River 
group to the accepted Eocene. 

In preparing this extensive table it has been my aim to em bods in it 
as large an amount of information bearing not only upon the age and 
synchronism of the Laramie group but also upon all the collateral 
problems arising out of a study of the flora of that group as could be 
condensed into that amount of space. The -plants are systematicall.Y 
arranged according to t!Je latest botanical classifications, the names of 
the subordinate groups being entered in their proper places and dis­
tinguished by different type. The genera occupy separate lines and 
the number of species represented in each gen.us is given in each col­
umn on tho:se lines, the occurrence of species in the several formations 
being denoted by the customary sign ( +) employed by most authors 
for this object. 

In the- vertical arrangement the Laramie group is placed first merely 
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because it is the group under "immediate consideration, the Senonian 
next, because ~owest, and because it is to its flora that it is especially 
desired to direct attention; the Eocene properly coming last. The first 
subdivision of the Laramie is intended to cover all the beds recognized 
by 1\'Ir. Lesquereux as belonging to that group. The Carbon aud Evans­
ton coal beds, excluded by him, follow, the two columns covering all 
the plants from the central and southern areas, the third being reserved 
for those of the northern districts, generally included under the name 

. of Fort Union group~ To this latter group, as undoubtedly belonging. 
to a still more northern extension of it, I have assigned the species 
named by Sir J. W. Dawson,r as having been fou'nd iu the Laramie of 
the British Provinces. These I have distinguished by the letters B. A. 
and the frequent coincidence of these· letters with the regular sign for 
·the species sufficiently attests the correctness of this conclusion. Most 
of the interrogati?n points· occurring in this column represent cases 
where the fossils have been reported from the localities denominated 
''Six miles above Spring Canon, near Fort Ellis, Montana," "Yellow­
stone Lake,"" Elk Creek," and "Snake River." These plants are all 
classed by Mr. Lesquereux in his first and lowest group, or true Laramie, 
but upon cartlful investigation I am tolerably well satisfied that they 
belong to the Fort Union deposits. '.rheir northern position and the 
known fact that these deposits extend far up the Yellowstone and Mis­
souri Rivers would naturally favor this view, but it is the internal 
evidence afforded by the species themselves which is most convincing. 
A large proportion of the forms from this locality are also found in the 
true Fort Union beds and among these occurs Platanus nobilis, other­
wise wholly characteristic of these beds. It is true that one species of 
Ficus and one palm occur here, but the genus Ficus is no longer ex­
cluded from the Fort Union group, while the. occurrence of palms in· 
that group bas been recognized from the first. 

The several acknowledged upper Cretaceous beds enumerated on a 
previous page are each given a· separate column, and five of the most 
characteristic Eocene localities are also thus distinguished, the sixth 
column· being devoted to several less important and some outlying be9.s 
referred to that age. In the last column the several localities which 
ha,ve been set off by some authors from the true Eocene and classed as 
Paleocene are grouped together. The principal beds of this class are 
the Travertines of the Lac de Rilly near Sezanne, to the east of Paris; 
the supra-lignitic deposits about Soissons, the" Sables de Bracheux;" 
and the so-called "l\farnes Heersiennes" of Gelinden, all situated in 
Northern France and adjacent Belgian territory and immediately join­
ing the only slightly lower Maestricht deposits. 

The three broader columns which complete the body of the table 
. . . 

1 On the Cretaceous and Tertiary Floras of British Columbia and the Northwest 
Territory. Transactions of the Royal Society of Canada, 1883, pp. 15-34, Pl. I-VIII 
(see list of Laramie plants on page 32). 
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merely sum up· the data contained in these more detailed entries and 
exhibit the three formations side by side in compact form for ready 
comparison. 

To this are added eleven columns for the purpose of indicating the 
vertical range of both the genera a.nd the species. The first of these, 
in which the letter referring to the foot-note is substituted for the con­
ventional sign, shows those forms which occur belqw the· Cretaceous, 
the foot-notes showing the formations in which found. The headings 
of the other ten columns sufficiently explain themseh·es. 

The geographical distribution of living genera, so far as practicable, 
and of genera closely allied to extinct ones, is also given in foot-notes, and 
the number of species of living phenogamous genera, as estimated by 
the highest botanical authorities, is indicated by figures in parenthesis .. 
The importance and significance of this feature will be discussed in the 
proper place. 
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Species represented. 
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Species represented. 

a Chiefly tropical. d America, Mexico. and West Indies to Patagonia, India, and East India Islands, 
b Subcarboniferous, Carboniferous, Permian, Rhetic, Lias, Oolite, Coral, Wealden. Australasia, Mascarene Islands, Saint Helena, Pacific Islands. 
c Tropical Asia, .Japan, Malay Archipelago, New Zealand. • Carboniferous. 

f Subcarboniferous, Carboniferous, Permian, Keuper, Oolite. 
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~lf~f~j.~r • •· : ~ ••:•••••• :: ·:•••• ·••·· ·::::••••·••••• .t ~ •• :••••••·••·••··•••·•·•·•• a Rhetic. b Subcarboniferous, Carbonifero.ns, Permian, Kenp~r, Rhetic, Lias, Oolite, Wealden. c Carboniferous, Permian. d Carboniferous. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

I Summary 
Laramie. I Senonian. Eocene. of the I Other formations in which found. 

· I' foregoing . 

.;:.; <:l I'" ::f It 1: I I I'" ·j,; ,,.;:::;· d I~ I I I I II ~~ ~ . ~ ~ . ~ ~ e o5 ~ ~ § e~ ~ :::=....:. P. 
'0 =- ~ ~ . - ~ . ~ •.-1.~ 0 <P GJ ..... g ,.t:l ui 0 ~ § ~ 

Species represented. lo ... I'! ~ .$ . _g ri! e ~ I~ ~ 11"' .J ~ I·~ I .. -~ 1"1 I :a § I . ~ ·;; I .I ~ I 1.; 1--' 
-~ ~ bll ~ "'t .,.o~ • j;;:l § !=: = ~"d Q:l ~ • _.::;...I""; ~ ~~ ;:pni~ a= • H '" ~ 

~~ ~ ~ a ! ~ jE ;~ ~ ];)~~ 11 £ I~ ! I~] ~ ~~ -~ g .; e §:~J~-~ ; I~ I~ ~ ~ ~r~l~ 
.'~~~I~ ~! !li; ~ ~~~~ ·s~~ ~ i)l~j~I~Ji~l-~ ~ ~ ~~~~~ ~ ~li!jiiJ~ 
~ _')__ ~--- ::_____ ~ ~ :__ ~ ~~-- ...:._ - .!:__ il< rn ,__.:_1!'3_ 1"1 ~~>::.__ ~-=--_ _c:_ - ~ ~ ':'~·~{:'_ 

mnorhachis, Deb. &Ett.. .... . .. ::::::::::
1 t :::::::::::: ::: :::::::::::: ::::):::: ::::::::::::::::::::1:::: t :::: :::: :::::::::::::::::: :: ::::::1:: 

flaidingeri,Deb.&Ett ......................... + .......................................................... !+ ................................ )··"' 
Heissianum, Deb. & Ett ........................ + .... .... ... . ................. 1.... ..... ... .... .... .. . ... + ........................... __ ..... . 

~ltlli,~:: ~:: ;::r I :: :: :: ;: : l :; ::::1::::; ;: : il ::1: I : : ~: :: :: : :: ~~~~ 
Waterkerni,Deh.&Ett ..................... .-•. + .... 1 ....................................................... ) + ........ ! ...................... 

1 

.... .. 

'"i~~:.;e::_ + ·:-:: :-.._._ ·H-:::• r} : tt •--· ••-••• • w:: ·1 1 tiH:--.::t -•---•••~ 
m.."i;~r,~i~L ::: ·•:: :: ::·•: : :I : _::- -:·- : .~. £ •:1::·• -:•- :::•::: :•: ::: L I ~~·I: •: : ::: -.. : .II~~~~~ 

obtusum (Wat.) S~:hp ............. ···· .... ······ .... ····!···· ........ ···· ........ + 1-·-- ··-- ··-- .... ···· ............ + ··--!--·· ···· ··· ...... ) .. ·· ·· ·· ·· 
car11~ii~~~~:t~~\~i::::::::::: :::J::r:::: ! ::::,:::::::::::::::::::::::: ::::1::::c: ::::1:::::::::::::::: t ::::.::.::::::::.:::::::: :{ ::1:::: ~ 

a Permian. b Rhetic, Oolite, Wealden. 
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Table of distribtttion of Laramie, Senonian, and Eoceneplants-Continueu. 

Laramie. Senonian. Egcene. 
Summary 

of the I Other formations in which found. 
foregoing .. 

§.; ] ~ l;f ~ ~ I 1.~,; ~ {~ 5 I . -I "=~ r.c • ~ ~ re ;;... ai ... ci ~ Q s ~- e s:w 0d" = ~ - ~ R .... oO ct) a.~ ..... g ..=lrr.: ::.:> § 
Speciesrepresented. I~·;~ g ~ . .~ ~~1$ ~ <>.5"'.; ~ ·~ l•i~ fi<1 E~ ·I~ I ~~~ 

~~~~ l=i1 61 ~ ~ . ~ . = § .9 = §"d . Q.) P=l .• ..:a~ d :!l ~ . §' ... I ..... ;::::l 

! z 1 -~ $ ~ ~ ~~~: ~ ~ ~~ ~~ -~ £ ~ ~ ~§ -~ ~~~ a$ ci -~ ~ ~-~ ~ ~ ~ ~ ~ ~ 
o::ol ~ = '.:f ""' "" .. .,, - ""' dH M " =I., .., ""' ·~ d .; 0 d " ~ "'" "el " = ,... = /""'' ~ ............ ~ ~ 0 ~ = IJ2 0 .... . Q~ ..... ... ... ~ Q Q.) !:1 ss ~ ~ -;:; :: o; ~ ·a .S ~·.: ll ·c -~ ~ -g Ia~ ~ j ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~lg g ~~-= ~ 

"="···""" • ... .. . ~~ ~ -~- ~ ~ ~ ~ • ~ ~~~ ~ ~ -~- -~. ~ r~ ~-. ~ ~ ~ ~: ~~ ~ ~~~ ~~= ~F~~: 
Pol~~~r~~.r;~~~-~~~~~;~::::::: :::::::::::::: -~- :::::::::::::::: .:i: :::::::::::::::::::::::::::::::::::::::: ~ :::: :::::::::::::::: :::> Jr :::: 
Cbr.~~~ti~~~~6:;c!e~~ro~ti~it;;.;,;r;>·b: :::. :::::::::. :::: :::::::: :::: ::;: .::. :::::::::::::::: :::: "i· :::: :::: :::: :::: .::. ''i· :::::::::::::::::::: :: :: :: :: :: :: 
Pod!i~~=.aE~t~·.:'.i~_::::::::::::.::::: :::::::::::::: ::~: :::: ·::: ::::::::::::::::::::::::::::::::. -Ja :::::::::::::::::::: "ts :::::::::::::::.:::::::::::::: + 

~:~~~~1f.t~t:::.:: :: .•••• ··~· :::~:: •••••.•• •:: •.•. :: • ::• • J• •••••••••••• ::•• •• : •. ~ .••••••• : •••••••• ·~ •.. ~ .••••••••. ~ ••••••• : ••••• ~. ·~·· •• ~ 
cbeRf:J:t,ri~~~~~-:~.~~~~:::::::: :::::::::::::::::::::::::::::::::: :~: :::::::::::: ::i: :::: :~: :::::::::::::::: :~ .{ :::::::::::::::::::::: ~.::1:: :::: 
Adir~~:~t:~~::.·:.·:::.-.-.-.-:::::::::: :::::::: :::::::::: :::~ :::::::::::: · i. :::::::::::: -~'!. :::: .. 2. :::::::: .. i. :::: .. i. -t :::::::.:::::::::::::::: + + :::: 

apalophyllum, Sap .. .. .. .. . .. . .. .. . .. . . .. . .. .. .. .. .. . .. . .. . . .. . .. .. . .. . .. .. .. .. .. .. .. .. .. .. + .. .. .. . . + .. .. . .. . + .............................. .. 
dt·nsinerve,Heer ........ ; ............................................ + ........................................ + .................................... . 
species, Ett. & Gard .. .. . .. ... .. .. .. .. . .. . .... .. .. .. . .. . . .. . .. .. .. .. .. .. . .. . . • .. . .. . .. .. .. .. + . .. . .. .. . .. . .. . .. .. + .................... ~ ......... .. 

~:~~!1;~~:¥-~kf!:~~~::t~:~>~~: :~~~ ::~~~~~:i' :~~: ~~~: :~~: ~~~~ ::~: ::~~: :~~: :~~; ~~~::~~:I J :j_:~~; ::~:~::: ~ :{~: :~~>:: :::: J ~ ~ :~ :: :: ~ 
aN early cosmopolitan. . cTemperate and tropical America, Asia, Mediter- dNearly all temperate and tropical regions, chiefly in 
b Most tropical and warm regions ; this section chiefty ranean region, Inllian and Malay Archip~lagos, tropical South America. · 

in Old Worl<l, Africa, Canaries and Madeiras, Bourbon. eSnbcarboniferous, Carboniferous. 
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Species represented. 

Table of distrilmtion of Laramie, Senonian, and Eocene pla.nts-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the 
foregoing. 

Ot.ber formations in which found. 

{~ i ~ 1- ! \f.j] If~!~ 1-1-i ~ 1~-~11 fl1t~l I ~ li~l I - i' I 'I· 
~E r!i to I ~ ..; .s If« 8 -a ~ ~ 1-g ,; I il ~ 1f 8 !"< E ~I I " '18 §I p. t. I ~ "' ~ g "g § ~ E ~ ;.~ ~ ~ e A:~ :]!.s ~ ~ ~ ~~I] ;~ ~ g ~ ~ g 8 e . t· -~~·~ 
~~ e: '""' I~ rn ~ '-"~ o C!:i '"C!,.C::I"";ll ~ ..., Q ~ p.. ):l • = 8 ~ Q:l 'E 1:..0 ..... CJ • , c: c..~ 

.. o = ~ 9 i5i ~ oS ~~ ..,- ~.';!l !;>-< P=l ~ ~ = "'"It' '"g .:!l " I ,; ~ ou " " ><: ~.~ ~ f:~~" 
t g 2 ~ I~ ~ ~ ; ~ g 8~ g .oo .e ~ .§ E.£ ~ ~ ~, ; '§ ~ ~ e ~I ~ b § gig ~I!-~~~ 
._,_. ~ ~ M ~ Q.l 00 P ... a!FQ ~ I~ ~~< ..!4 ~ ,..._.:: ,.::;;ca $-. c o ..-o ~ ,..!::d Q;l tt::: o:: ,..,., ;:: = ce o ..... = t:... o .;:,c c:e QJ I= c: ..... ..., o o c.:r - c:e N d = o o- .:~.~ = '"' :.= \'""" := = ..... c.> 

_______________ 1 a:~~=G _::_ _f'<_ -~- -~- __::_ C!l~ ""- _.,.,_ ~t'- ..:..._ _-<i_ ~ _,.._:::1_ ... __ o_ .,.,_w_" ~ _Jl_-=-_ _ ""- _::_ _::_ _C!l_ ~:'1. ~ ::y. ':'_ 
Adi~;~;!~~~~~~~~~~~~~~~~::::::: :::: :~:: ::::::1.~. :::: ::::::: .. +. :::: ::::'1::::,:::: :::::::::::: :::: :.:: ::::1:::: t ::: ::: .. :: :::: ::: ::: J: ::::1:::: 

§rrnlongu.s,Daws ............................... [ .. ,I"" .................... + ........................... 1 .... 1 + ...................... ·-1-· .. 1 .... .. 

Blec~l~€i.~t¥:~~~~~:~~~~~~~::~~~;~l~;::l~~~~ ~~~~:: ~~;~~:~~f~: ~~~: ;~; ~~~: ~~:{J~~: ~~~~ ~j~~~~~·}-':~~~ ~J·~,~~~: ;~: ·j -~~- ::~. ~:~~ ~~;: .:: ;1~ :~ :~~;; :~ 
Brannii, Ett ........................................... ' ........................ 1 ............... + ............... · + ................. I+ ...... .. 

Pteria,Lb ............................ 4 .............................. 1 .... 11 .... 31 ... 4r .... 1 .... 4 2 8 .. + + ... + ++ .. +j"" 
Aquensi• •. S~ ........................ 1 ............................................. + ....... ,.· ....... , .... 

1 

........ + .. 1 .... 1 .............. )._., ...... .. 

tt.&Gard .............. :::::::::: ::::::::::::::::
1
::::::::::::::::,:::: Yi:::: .:. ::::::::::::::::::::1 t :::::::.:::: :::r:·r:: :: 

... 1 

~I 
tt .. , ...... , .... , .... , .... , .... , .... , .... , ... , .... , .... , .... , .... : .... r .... : .... r .... r. + 1·--· ............ 1 .... , 

crenopteroid~s, Deb. & Ett ........ , .... 1. ::r:::: ::r + r: :: ·1:::.1::::1::: ·r:::T :::[: ::T :::[.::.1: ::.r: :: :::r::: ·rl:::r::II :;~· -~~- -~l~f):::j~)~l:::)~i1 J. 
carphornm, Sap ... ~---·-·········· ............. ............. ---- ----r----1 -· r·---1---- --·- -- .•• , .... + r--·· .... , + ........ , .... 1----r---· ..••••.. ·:1·-

aAmer'!ca (~exico and Flori<!-a to _Chiloe). Southern b Ne":rlY 0;11 parts of the world, passing the Arctic c Near·ly cosmopolitan, chiefly tropical and temperate. 
Chma, H>malaya•, Mala;r Arch>pelaeo, temperate C1rcle m Lapland. · 
Australia, New Caledoma, Pacific Islands. 
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Table of distribution of Laramie, Senonian, .and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the 
foregoin~:. 

Other formation in which found. 

~~ 1 ~ l ~ ~ I~ ~-~-~ l . ~ I ~-~1 * 1~ ~ i~l ~ 
S . d lo" "' " . " " -~ p::" 'd ., I> S o "" o·~ o I . pe01es represente . ~·e; P.. a ~ . .9 ~ E ..S 1 a:~ ~ c ril ~ ·;::: cr o ~ = o . IJ) ;:: • ~ t0 ~ 

.. ~ ~ bll Q,) ~ ... • ~ $:I = e =oo ~ ~ · ..9..t" - ~ ~ ;::1 w Q =9 . ~ a:~ d 
~ ::=' I'd ;:::: ~ 'F:: ce =.~ ~ Q,)l ~ ~..q F-1 ~ l:i ~ OJ ~ o- g --·o Q g s 0 § 5 ~ ~·z -~ 

~~ ~ ~ c? g ] ~~-= !£ ~ ~~~ ~~ ~ £ ~ ~ ~~ ~ g~ -~ -~ .; :3 ~~ -~ ~ ~ ~ ~ & ~I!: 
~s 2 .. ~ ~ ~ Ia ·j:j I g 8·s:: ~ -~ .s ~ ,g :::§ s g § ~ ·a § ; ~ ~ 0 ~ § ~ ~ g ~ .e ~ 

-----------------~r2 3 ~ ~ ~ ~ ~ s , ~ ~r ~ P! ~ !i ~ ~~ _g ~~ ~ ~ ~ :_ !~ ~ ~ ~ ~~!~~~~~ 
.. ,~-:.:~:::~tn;~":'t:':' -1---- - • --", ---- J I 1---- - ---- ---- ---- -------- • ---- -- ---- ---- --------11-- --

?~~~j~;G~ru······i···· i!l• :i~:r~:••• •••• •••·-••,• :::: •!• ••r• •J·~rr•• •••• •r•• :i:_fii! ::r; r·rl•t!,•~·~•}• ••r• •lii •:~ !iii i!!!. ·I·.!!~: 
Reichi~num,St ...................... !....\. ........ .!.. --~ + ···· ···· ···· -·· ···- ···· ···· .... ) .... ···· ···· .... )+I ...... I ........ 1 .... 1 .. ..1.. ·· ·· ·· ··1·· 

Woodwardm,Smb .................... 2~-----············ ---l·--···'····1·-·················· 1 ·······-···- 2 ·--- 1 --~---·····-·· ···---+++-··· 

::~~i~m::J ;:;:: ·~· •••• •( • •: •:::: : t~:r::: •: :: :•: · ••:·:::~:: i} · l:: x ••••: ~.:: •• •• : •• 
intermcdia,Lx .................... + ~---- -··· !···- ···· ··· ····i····l···-~---·1-··· ··· ····I············ .... / .... + ···· ···· ··· ···· ··· ···- ····1--1-- ·· --1-- ·· . Gymnogramme,Desvf .............. 2 .... 1 .............. -·-- .................................... 1 .... 2 .. . . ........................... . 

a Nearly cosmopolitan. b Temperate and tropical North America, Southern Europe, Eastern Asia, Madeiras, and Canaries. c Tropical America, temperate 
North America, Southern Europe, l'acitic islands, Madeiras, Azores, Bourbon,·Asia, Australasia, East India Islands, South Africa, New Hebrides. d Southern Asia, 
Himalayas, Japan, Indian and Malav Archipelagos, 'Angol~>, Mascarene !.lands, Pacific islands, tropical America, Mexico, West Indies. · eN early cesmopolitan. Species 
sometimes referred to Aspidium am\ Nephrodium. _ fAll tropical regious, west coast North America to Vancouver Island, Cape Colony, Japan, Himalayas. 
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1'able of distribution of Laramie, Senonian, and Eocenf! plants-..,.Continued. 

~pecies represented. 

I I Summary 
Laramie. I Senonian. 1 Eocene. of t~e Other formations in which found. 

i I foregomg. 
. ;d cD - ,...~ I rb 0 I rh a;i ~j ----- • 1 ~ --,--

i~ 1 ~l~ ~ i 1!~1] ~!ltl I~ j

1

.! I :·1
1

iJ ii ~ ll!l ! ~1'11 1 !1 .;.; 
~~ ~ ;; ~ .;:: ":! • ~ 5 E S § ~ ~ r.q · ~ ... ~ !q ~ ~ rn 8 ~ . e. 1:1 .~ ~ ""of~ 1 -~ I~ ~ ~ ~~~~~~ ~ ~~~~~~-~ ~I~ ~ ~~~·~ i~ ~ c . a~~~~l·m I ~c ~ l~iJ~ ~~~·~ 

~ . ,...., - ~ <V,e.. - =·""' ;::::1,......., ~ w ~ O"J- ~ w Q;) .... = (l;J -o c:: aJ ,..... "' ~ ~ • ee 

~! ~ ~ I~ ~ I! i'J 111 ~ 1£~!! I! ~ ~ 1lil ~ ~! 1 1 J J ! !!I J I 1 I j l~:!l~li]IJ 
--"-r-----~---~-~-'-------------. r-iji--1-1---1-

GymG'~,!fl:::F.tf.".~~·.-:-:~.o.~~i.n.~e~: .. + .................................... L ...... ... : .................... +. ................ 

1

1 ............... J ..... .. 
Haydenii,Lx ..................... ! + 1 .... (!) .............. ..1 ............ ' ................................ 1 + .· ................................... 1.. 

;ltl?~:.'~'>!)): •••• ~ •••• ··:··· •••• ,.:;•:•••~·······~···· ··•:1

••······ •::: ····~·~·~········ .!.'···· •••• 1! •••••• ·~······ •••• : • ••~t• 
longreva(Sap.)Scbp ............................................... 1 .................... ;"· .... 1 ....... + ........ + ·:::1:::: ::: 1:::: ::::[ .. :::: ::f:: :: 

Gle~!~~~~~~J:~~~~~-~-:::::::::::::: :::::::::::::: ::~.} :::::::: :::: ::~: :::::::::::::::::::: f :::::::: :~· :::: ·;· .!. iif :~ltl~- ::::':: :: :: :: :::: 
Gieseckian!', Heer .................................................. 1 + ....................... 1 ................ + · ...... --~ + 

1

. + 

1 

.................. .. 
BantonenRJs, Wanklyn ..................................................................... + .................. + .............................. .. 
Kurriana, Heer .. .. . .. . .. .. .. .. . .. .. .. .. .. .. .. .. . .. . + .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. .. . .. . .. .. + .. .. .. .. .. .. + + .............. .. 

~~~~~~!}!r:~:t:·;~~~;;;;::;~~ ;;;; ~;;~ ;;;;;; -~: :~~: ~;;~ ;;;rJi :;;: ·;;· ~~;; ;;;; :~~: ~;;: :;;: ;;;; ~~;~<: ! :;;: ~~~:1:~:~1:~:1:;:~ :;;: ~: ;; :; ~~ ;; ;; 
Knemia,Swg ............................. I .... ! ...... I .... , ...... , ...... \ .............. I ...... 1 ....... 1 11 ........ 1 1 .................... 1 ... J ..... .. 

a Western America, Mexico to Chili ar:u •. nan Fernan- c Mexico and West Indies to tropical South America, e Tropical and subtropical regions, temperate South 
dez, 'Vest Indies. India, Indian ana ,\falay Arch- Eas't India Islands, Australia, New Caledonia, America to Straits of Ma~ellan. 
ipelagos, A.Uitralla, NIIW zgalaud, tropical Pacific Islands, Sont.b Africa. /Oolite. "' 
Africa. d'.rroplcal America, Mexico, West Indies, Indian gTropical and inbtropical .America, West Indiea, 

b Southeastern Asia, Malay Archipelago, Anst;:alia, Archipelago, South Pacific islands, New Zealand, Uruguay, Natal. 
New Zealand, Pacific islands, tropical America. South !Africa, Mada~:ascar. 
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Table of dist1'ibution of Laramie, Senonian, and Eocene plants- Continued. 

Laramie. Senonian. Eocene. 
Summary I . 

of the· Other formations in which found. 
foregoing. 

~.; g I~ :i I Iii I~ ~ . ~ 1 "~ I '" .2 I a;:l. +-' c:! • Q.l • Q • ~ = ........ _.....:. . 
""~ CD A ~ Q.l ?. >50~ aJ Pol ;::l t! QJ(!I~ ~ co 1=1 ~ 
0 ~ ;:::! =· . - ~ l:::l iE.·t"" a,) ~ ..... 0 ~ ~ ::1.d 0 

Species repreRented. ~~·a .f!. E ~ . .~ ~ & ~ I":;; I~.; ~ ·.: \f~ ~ I e ~ . g § . 6'. ~~~ 
.:;"E ~ tiD ~ t . ~~c.,.§ ~ .9 s =·g . ~ P=~ ~ ~~ ~ ~.!: § ~ ~ s ~ ~ ~ . ·s .a 
E! § -~ E ~ ~ EE c ~ a ;;~ ~~ -~ ~~ ~ .a ~~ -~ fiJJh . ~ ~ t f ~ ·S ~ ~ ~ . Q ~ ~~~ 
~,.:l = ~ .,.... .a ~ ~... - ~.~ ~~ ~ ~ 0') ~ m = ~ ~ Q.l .~ CIS o 0 ~ ~ 1""1 <:.1 Q.) 1=1 F cs: 
~ g ~ ~ .:? ~ ~ ~ -~~ g ~~ 8 · .;?! -~ ~ .g a.s ~ g a ~ ·§ t ~ e: ~ _ o g g ~ ~ E .E\[0 
;~ ; 8 ~ ~ g ~ .§; ~ ~P=II>§ ; -~ ~ § ~3 £ .;,~ ; § ~ ~..s ~ ~ ~ ~~ ~ g).e;! 
~,.... 0 ~ --. "" F" C!) ..:l P.. c., P< <11 "'1 ,... . .., 0 P..w ..:l w ,... H o ...., ...., o..,c.,Q'..:l"" 
---- ----·· ---- -------j----

Anemia, Sw.-Conthined. J 

Did;!~~~~t~~~'i)~~-a,tk~ttt:.&~a-':'~::: :::::::::::::. "'3 ·::: :::: :::::::::::::::::::::::::::::::: -~- :::::::: -~- :::: 3 -~- :::::::: ·.:r:· :::::::::::::::::: + 
comptonuefoliue,Deb.&Ett ................. I+ --- ........ --·- .... ---- .... ---- ........ ---- --·- -·-- -··· ---- + ........ ---- + --------------------
gleichenioideH, lJeb. & E.tt .. .. .. .. .. .. - .• --- + ---- -- ..... -- .. ---- --.- ---- ---- ---- .. .. --- ---- -· · · -- .. -.. - .+ .. -- ....... - ---- -- -- ---- -- -- -- -- -- -· 

LYi!~~!~i:.~~;~:-.~-~~--:·--:::::::::::· ::~. :::.:::::: -~ :::: :::: :::: :::: :::: :::: :::::::::::::::: ::~: :::: ::~: 'j' ::~: _!_-:- :::::::::::: y :~: :: ~ :::: :: :: 
iE~fu~~~N~b~~~~::::::::.:-:~~~~~: :~: :~~: ~~~~J~ ~~~- :~~: ~~~: :::: :::: :~~: :~~h~: ~~~~ ~~~~ :~: ~~~; :~: ;~; :~: f ::: ~::: ~~~~ :~:~ ::~: :~:: ~~ ~~ ~~ ~: :~ ~: 

oal~[}~fji·~~~~::~~:-:-:-:-:-:-:-:-:-:-:::~:- HJ :::: :::::::::-::::- ::i. :::::::: ::i: :::::::::::::::::::: ::i: :::::::: ::i: ~ ::~: ::~: :::::::::::::::: :~~~- i1i :: i·:: :: 
affiniS: Lx ..................... -.. - + -- -- ---- .. ---- -- -- ---- ---- ---- -- -- -- -- -- · · ---- -- -- ---- -- .. -- ---- --- · + ---- ---- -· ·- -·-- ---- --- ---- -- -- -- -- -- --
arctica, Heer ....... _.. .. .. ---- .. . .. . ......... ---- . -- .. .. .. .. .. + 

1 

.. -- ---- -- -- -- .. ---- .. - -- -- -- .... - + ............ -- .. --.. . .. -- -- -- -- -- --

Ntl1\~~·~~~:?!,j"~{~~k.::::::::: :::::::: :::::::::::::: :~ :::: :::::::: -::· :::::::: :::: :::_ :~: :::::::: :~: :::. :~: -:-:::::::::::::::: :::: ~: i :::::::: 
Osm~;~ht~~i~:.·_-:-:~-:--::~:-~::::::::: :~: :::. :::::: ::J::: :::::::::::: :::t:: :::::::: :::::::: 'j' :::::::-:::: :~- :::: 'j" :::::::::::::::::::::: :::::::: ~ 
Ophi~~~~\~~r.~t~~!~~~-::::::::::::: :::::::::::::: :::t:- :::::::: ::::f.Jt:: :::: ::: :::r:r:- :::: f :::::::: : ~- :::::::::::::::::::::::::::::::: 
a Tropical Ame1·ic~ .• Eastern United States, ·west bAmerica from Canada to Brazil, Northern Europe, cTemperate and tropical America, West Indies, 

Inrties, Southern and Eastern Asia, East India Northern Asia, Ea•ter-n and 8out.heas1ern Asia, Lapland to Japan ami India, East India Islands, 
Islands, Aust~Rlia, New Zealanll, Ani(ola, :Mada- Barbary, ~ascarene Islands, SOttth Africa, Azores Australia, N•:_,w Zealand, New Caledonia, east 
gascar, Pacific islands. (few tropiCal and only 1 aoutb temperate). tropical and "outhern Africa, Mascarene and 

Pacific islands. 
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· Table of di~Stribution of Laramie, Senonian, and Eocene plants-Continued. 
. ' 

Species represented. 

I Summary 
of the · I Other formation• in which found. 

foregoing. · 
Larami~. "I 

-_ ·I .,-. I 1~1 --:----., :-~_ 1---c---1.;-,., I . I .; 1-:: . " I I 
~~I~ ~ I ~ ~ ~ -~ ~ 0~ ~ l.~l ~ g~ ~ ~~ g. I 
o" " I " I . ;:; " 'I "' ~~·;;:I I .; P. S 'o -§., :;.:> "-~ o • o·; ~ E ~ . ~ ~ ~ ~ <l) Cl) ~ rDI ~ ~t: ce E ~ c;t g ~ = . to l.nf'iJ 
ijll ~ : l ] .;; l~ '0 ~ ~ ~~ ~]I.e ~ ~ ~ ~~~] ~~-~ ! ~~ ~ -~ I ~ ~ 1./ 0 ·~ ~ 
!:~ ~ ·~ rt51:; ] 1>-"1.,8 C!lj'g~j~;§l ~ &; "' ".,§ e: ~~ 4i ~ .... ull § "" ~ ~~4il'" :~ t;., 

-----------------~~~ 1 i 1 ~ 1 ~ 
1 
z 1 r 1 11~ 1~ ~ 1 ~ J Hf HJIJ] H 1]~ 1 1 1 j ~~ ~~~~m 

'l'empskya, Corda.... ···:··· ........ ........ , .......... 11 (·· .......................... 

1

.... .... .... .... .... .... .... 1 ................... j .... 1 .. 1 .. 1 .. 1 .... + 
ono~i:~re~-~~a .. &.~~~·:::::.·:::::: ::::1::::/ .... i. :::· .::. :::::::::::::::::::::::::::::::::::: .. i ::::::::::: ... i .. :: ... i. :::::::::::::::: :::·l::j+j:f :::: 

Hehraidica,Forbes ................... 

1 

.............. -1- ... 1 .................................... + .................. + ......................... 1 .... .. 

:~~jJi E.:: ••.•. -::: ••••.••. ··~ ••• I i ~~·II ••.•••• ~ ••••••••••••• i ............. , ............ : ., .... : ..... ~. ·~ ... , : •,~, . ~· ·~ .... ·~:~: ~ :!:: .... :•• 
Erbreicbii (Ett.) Schp ........... J ............................................ 1 ............ + ................. + ................ f ...... 1 .. ··~-- .. .. 
~rlobulosum, Lx.............. .. . . . .. .. . + . .. . .. .. .. .. .. . . .. .. .. . . .. .. ... . .. . . .. .. .. . . .. .. .. .. .. .. .. . . + .. .. .. . . .. . . . . . . . . . . . . .. . .. ........ .. 

Senonian. Eocene. 

a Temperate Eastern North America (Florida to cCbiefly north temperate regions: absent from nearly the ~bole •Regarded by Schimper as a form of Equisetum. 
Canada), Northern and CPntral Europe and Asia, Southern Hemisphere. !Carboniferous. 
Japan, mountains of Southeastern Asia. d Ken per, Rhetic, Lias, Oolite, Wealden: g Most cold countries. 

bNorthern Hemisphere, tropical South America. 

.~ ... '~''"·"'.._. ·"·'"·•-'•·•-'·......_~~..._.,.._ ~- -.........: ... 1-.- ·--·~..:.~..:;..;~;~---....,_ ........ _ ~ -·· 
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Table of d1'stribution of Laramie, Senonian, and Eocene pla.nts-Oontinued. 

Species represented. 

Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which foun<l. 
foregoing. 

!~1 ~ . I I'~ 'I~ ..< f)~ .; I ~~I ~ g·~ ~ ~~I 1.:. I I 
-o.s-! § g 15 ~- G . ~ ~-~~~ ~ .~ 1 _·a! g ~ ~ o g.~ 5 .. 
~.51 .:; l::"o ;:::: .; .g l,"'di " 1: ::I " .; " Ei I ~ E I ~ e ;s ~ . " §I P-I to gj I~ Ji t:l 1-"'-1 ~ a:> 0 .I c:S d! ;:: a:> ·- ~ d'C cP I""! • -Po~ = ;Q tC ...... 00 0 s . = ~ ...... = 
~~I§ -~ 1 ~ ~ ~EI~ ~ ~ ~; ~~' -~ ~ ~ I~ ~] -~ ~~ . :i & ~h.-~ ~I-~ ~ ,;loi ~ ~ ~ 
0' ~ ~ q A ~ ~ Q.)~ ..; ~-~ =~-~ P=l C) = r¥.1 dl..j.;l <» ~ -~ I ~ Q) Oo[ CIS I "' I p:; " "I" el .. /"' 
~~I~ ~ ] ~ ~ ji ~ ~ ~~ .~ -~ ~~ ~ I i ~~ ~ ~ ~ ~ ~-~ ~ ~ ~~I i ~ ~ ~~~ jl~ :EI~ 

·-------!~ I~ ~ ~ ~ _ ::.___ >::.___ ~ :.__ t::_ ~ ~ ~ _t:_ ~ .:::__ r>..£ _t:_ ~ ~ >::.___ >::._t_::_ ~ _ _::.J~C~~I::I~I::_ 
Series 11.-PH.ENOGUllA. 

1 I . I • 
CLASS 1.-GYMNOSPERMlE. 

Cycadacero: 

Conife':re =. ... · : I 

;;!YA~1}:i::~[[=::::[:: j : ;;::i : J: ' ••••••••• y / i, ' •••. ·~: • ·~· .~. ( ·~· ,., c ·~· t' t J li~IJ I~ 
a(Zamia 30.) Tropical and subtropical North America. /Keuper, Rhetic, Oolite, Wealden. 
b Lia•, Oolite, Coral, Wealden. g Carboniferon•, Rhetic, Lias, Oolite, Wealden. 
c Oolite, Coral, Wealden. h.(Abies 18.) Extratropical, Northern Bemi· 
d(Dioon 2.) Mexico. sphere; 
e Permia:p, Keuper, .Rbetic, Lias, Oolite, Wej>lden. 

iWealden. 
j (!\) 2 Asia, 3 North America. 
k (711) Extratropical, North America. Very 

few tropical Eastern Asia, WcHt Indies, 
and Ceutr~tl America. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

I Laramie. I Senonian. I Eocene. I s~f~~y I Other formations in which fount!. 

I 
foregomg. 

1-.. 0, g- I I~ g- I ~ ~ I I I I~ "I ~ 1,;,~ I I ~ ~ ·I I II i' I I~ <Ill- -;; "" I <tl ~ .,; _; g 5 '" ~.s ~ il~ I e -.;-;;- g. I I 
I 

0 " g " . .. " ., ~-~ 
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.. I ~ ~ 0 -=., o = , 0 I 
~i ~ e ~~ ~ ~ r=r,~.; ~t~ril ;s ·t:l eel~le~ -8·§ ~ tn 1 ~~ 
'i§ ~ § I ~ :5 ~ ~-~~~ ~ ~ ~~~ :] .s I ~ ~ ~ ~~ .§ ;-sf I . ] g ~ ~ -~ ~ ~ f·l li·f·~ ~ 
1

-!)::;:.t ~ ·a I G -~ ~ .~ ..... w 8 ~ ~~ ~~ : ~ Ol u ~ e; ,~~ 0 a . ~ ~ c3o~P § bi) ... ~ ~ Q.)l~ ~ ~ Q.) 

~ p . A ......, ~~ 4 ttl"'"" ::1 .o:l Q.) = .s ~ - .... ,.... . ..... , "' " "'I"' " .. , .. " 
~~ ~ 1: ,~ ~~~I! ~,~~~ ·C -~ ~ ~ g~] ]~ ~ g ~ ~ ~~ ~ ~ ~~.~-~~-~~~-~~ 

I~~ o -~ ~ ~ ~ C!l ~ ~ ~ ~ P! ~ .q .3 1::<1 .... o P!<15 1 ~ r1l ~ o .s- r3 ~ 0 ol::<~~&~o 
--P-in_u_s_,_L _____ C_o_n-ti_n_u_e_d_-----------~-------------------------I-~-~--

.,"~ ......................................... ······ ....... .1.. ... L .......... + ................ ········ .... + ........................ 1 rj·· .. 
~~~~It.:~~ •::• .~ ~~-:.:: ::. ~~ •• :: ~:~ •• ~• ::. ·~• ·~ .:: -~. :•• •: ::: :.: , ::, ~ •••• ::J: 1:: t•: :•1 ii :·~•• 
~~~;~~~pta.s~~-;i:&-:B:.i.Ett."&. ···· ·-·· ······ ···· ···· ··-· ···· ···· ···· ···- ···· ··-· + ·-·· ··· ···· -··· ···· ··· ···· + ···r·r·· --·· ···r ·· ··1·· -- ·-

!~~1~ttir;r•U) ::/: :::•• : .. • :•:• ~I!- : •• m ···· •• :.: :t : 'i::: :• :··• o: t t H :1 :•• :· •:•: ~ ::: : , 

~~lif~k~"'llll;·l·li•:•l::!:•• :J: ·~· :~· .l\.llll\1·£· ··:1!•·:·
1

·~·111.1 l·l·li~i \ll ••••• till·;·:·-~· ~1 • i"' .+ •• ;. i+i :.;.,:. + .1 •• 

1

.1 ~ 

Species reprasented. 

a (10) South .America, Australia, N ewCaledonia, and South Pacific islands. c (8-10(1\lalay .Archipelago, Fiji Islands, New Caledonia, New Zealand, and tropical East .Australia. 
b Oolite, We:tlden, . • d (Cunning-hamia 1.) Japan an<l Cbina. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Snmmarv 

of the 
foregoing. 

Othei· formations in which found. 

l=f d ~ ~ = I f : : . ~ ~~rz ~ ~ 
~~ ~ . ~ ~ '"Ci ~ d 8 a} ~ s (0) ~0 ~ -'i:i li 

. 1~ ~ ~=~ ~ . - ~ . ~ ~-Sl o q) (0) • g .d rn ~ ~ = 
Speciesrepresente<l i:!i'; : 0 .9 § r2 c;l ~ <P ~I'd • S:: ·t ciS ~ ~ g o";::: . e . ,nl...; 

...., r ... , ~ - .;;i ..... ~ 0 ;:::: ~ 8 1=1 I1J ... Q s.. S.. co • QJ t:.e C. b.O c;l 0 .!i="""' biJ ~ Q -~~ a1 Q· ... ~drr:~. ~ ~ p.;'O~=Q:la. =~~s ~ = J..t ...... t= 
~ = "=' = ~ ·t:: d s ..... e.o . ~ Po~""""' '"' ~=~1 ~ Q (0) ~ ~ ~ -·s c:s o .- o c:s ?. ¢l ~ as :;z 
f:~ ~ -~ .c 1 ~ ;.::; r::~ s o re~ (O)!S ·co ~ rr:~ t:) "'CC ·Pt G)oo . . ~ QJ e = ..... 5il .:: oii •• cs p, ~ 
0~ r;e = 0 ,,... ~ cS a:l .._ ~ I1J j;..~ ~ ~ I1J ~ ~ & rJS CD ~ • Q 0 (0) § ~ = ll> (0) r::l tO tP 
• =l a b ds ~ A ~~ .,.$ ~~ ::S I 1"'1 .Q ~ ;::~ ~ ..- Q ::l ·s ..... Q.) ;... ~O 6 _,S ~ !:I 1::: ;... bD f 
~! ~ -g ~ ~ : i :~ ~ ~~ g 11 ·~ ~ ! ] j~ ~ ~] ~ ~ ~ ~ B § ~ ~ ~J j tE[~ 
:___ ~-~ ___ ::__ ~ ~ ~ ~ ~ __ __.:__ ~ ~ il<rn __.:__ ~ ~ _ >::___ __::__ ~ _::__ ~~- :_ ~~':_1::_ 

PodocarnnsJ!''Her!"···············- ! ... ····l·-····1---- ........................ ----1 2 5 .... 5 1 .... .. : . ........ ·12 ............... + + ·+ .. ·· ··1·· 
!fft'us~Ga~d~o~~~:~~~--~~~~~·-·,:; ::· :::::::::::::::::::::::::. :::::::::::: :::r:. :::::::: t :::.::::::::1:::::::: t :::. ::::::::::::::::::::::::1:::: 
elegans (Delaharpe)Ett. & Gar<! .. ~---·--·~-----·~·-···--·~---· ..............•. ----~·-·· ........ + ................... + ............................... . . ~ ··-- --- .......... ---· .... ---·~·-·· ·-··j··-· ---- ····J···· ·---~ + + ~---- ........ ---- + . I···· ·-··I···· + + + ----

•••• .••• ----- ··-· •••• ---- ---- .•••.••••••••••. (1) ---- ···- ---- .•••••••••••.••.•••. + 
.. .. - -·· ·----· ..•. ---· --· .... - --·· -··· - •••. 4- ..•.......•..••..••. --· I + 

+ 
+ 
+ 
+ 
+ 
+ 
2 

+ 
+ .. ---· .... ---· -··· ...... -- .. 

c.,if~~::t::::: h: ~~ ·••·•••• :···: ::~: :::•• :····: •• : .: N :~:}! ; : }•:•• ;:~+ •• + ·-H~" JL.J JL 1+1 LJL .... J .... L + .. ···················· .L ..... . 
a (60) Extratroplcal Southern Hemisphere, mountainous 1>Dd Eastern Asia, IJ (1) Ch.lna. c(3-4) North America, Japan, China. 

mountains of tropical .America (rare); absent from Southern Europe, d (6-8) Temperate Northern Hemisphere. 
Western .A.aia, Northern Africa, and .North America. · e (4) 3 Japan, 1 China. 

:!l 
> 
~ 

~ 
;..­
t:d 

f;; 
0 
"':l 

tj 
...... 
w 
>-3 
~ ...... 
t:d 
c::: 
>-3 ...... 
0 
:z 

~ 
Ol 
~ 



Species represented. 

Table of distribution of Lararnie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. Other formations in which found. 
I 

Summary 
oft,he 

foregoing. 

·o:f 0 I g - - ~ I,; I ~ I gj -1-.---o--~-c---1 ~-c--=1 ~-;;JI_I_ ~ I I I 
~~~ ~ ~ ~ ~ rd -~.5 ~ . ~ P.~.s ~ ~~ ~ ;--; f g. 
0·8 f g a) § ~a) § ~ $ ~ . 8 -~ ~= ri1 1 ~ :) S·S 0 II" ..-l 

J .. l ~ ~ St = .p -~ I~ c -a ~E. Q rt) ~ ~ ~ f: ..--1 ... gl . ~ = !'i tb : C'..) 

~ § rc ~ -~ = ~ -~ ~ § ~ ~ -1 dl 'g ::i ~ I (l) I ~ 0 ~ ~ e:..s I § ~ j 8 ~ g ~ I . ·~ .E 

0~~ § I -~ ~ ] ~ ~~ : E ~ E~ :~l'j £ I '; I Q ~§ -~ ~~ ~ ~ . ~ ~ 02: § ·E ~I;.; g (1) ~ i ~] 
.::l p cis A - I~ <D~ ~~ c:s::: :::l ~ Col ~ I!: ~ a;. ,..... Cl: q) 0 C:! ~ t"'"t ~ s::l s::ll,._l " 

~~ ~ ~ ] ~ ! 1 ~ ~ ~ ~~ ~ -5 :~ ~ ] 
1
]j ~ ,iJ ~ -~ 1 ~ ~ ~~~~ ~ 1 ~ ~ljr],i :~ ~ 

:_-=_~~~-"' __ P"_~-:___:._~~~~_::_~~-_::_~p.,w,~~~--:__~~~=--~\~~~r:_ 
Couttsire (Heer! Ett.&Gard .•.... ) :: .:: .. :.::. :::· ::::.:: 1:::::::::::: :::· .::.:::: ::: ·::: .; 1::::::::::::1:::: :::." .; :::::::::::::::::: .. ::1::::1::1:::: 

:~:~~r;~~~;~::.~::-~~~::~~~):~~: :~~: ~~~~~~ ~}:~~: f :~~: ~:~: :~~: :~~: ~~~: ~~~: ~~~: ~~J-~:[~ ;~~~ ;~~r~: :r ::: ~~~~ :~~: :~~: ~~~: :~~: ~t ~~ 1~:: ~;: _,.,M , ..... , """ ............................... ·I·... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . + j· .......... r· . . .. + .............................. j .. 

. =~~~~s·{: : : :•·•·:~; f :;:: :~:: ::•:: ~~ :•::•:~:~r~O) r::•: : ~~~~~; 
Seq~~~.:O:r:a~;~i;.,··_-_-_-::::::::::::::: ~ ... ----~- :::: --~-~--~ :::: :::· --~- -~ .. ~. :::·!:::: :::: .. :.~--~- :::::::: _{! ~--~- -~ -~- .:.. -~- .:.. -~- ~~~ :::::::: 

bifonnis,Lx ...... -···-···- + -··· ............ --·· .... ·-·- -··· ··-· ···· ............ ···· -··· -·-· .... + ......... ." .......... , ................... . 

~ff?< H•- -~·. ii. •·:·1· •~ ~:} ~E .:f.~••E •iE : }1} f·••• :-: ~ :•••~~·- •••-: 
Langsdo~i,Brongn ...•........... · + ·· { R:. } ·· ···· ···· ···· ···· + ···· + ···· ···· ··· + ··-· ···· ···· +I+ + ···· ···· ··· ·--· ···· ·· + ·· ·· ·· ·· 
t.~W~~~·L~o•:.~.~~~-_._._._._._._:::: .+ ·::· ::::::j:::: :::: .:':. :::.:::: ··:· :::::::::::::::::::::::::::::::::::: .+., .. :':. ::: :::::::::::::::::::::::::::: :_: :: 
~cl~~~[a~"ir!:;_r_._._-_-:::::::::::::: :::: ::::::::::::: .+. :::::::::::: -~- :::::::::::::::::::::::::::::::::::: ·::: + ::::::::::::::::::::::::::::::::::1:: 

a (3) Tasmania. b Oolite. o (2) California. 
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Table of distribution of Laramie, Senonian, and Eocene plants- Continued. 

Laramie. Senonian. Eocene. 
Summary I i 

of the Other formations in which found. 
fore ,going. 

Species represented. 

~ d § · ~ p I I ~ . g : · ~ ~i s 1.3 ·I · I ~~ ~ . ~ ~ -d Pas ~ . iJ ~ ~ Q) ~C!:i ~ -~ ~ 
o.~ § s- . ~ ~ . = ~~-~ 0 

Q ~ ~·e ~ r§ ~ ~·.s g · . 
C~.s ;.. 0 ~ 0 .9 ~ ~ .s tl.) ~ ~ crj ~ ·;::: ~ 0 ~ f c . ~ § ~ ~ II 1:71 t 
IJJ::I ~ to "Q;) 1) , ~ = ~ ~ .5.,. CIS~ 1 

, ~ ~ ._' .-Q: d ~ g? ~~~a ' = ._. , -~ Q 

~~~ § '.~ 8 ~ ] ~Ej;! ~ ]ij~~ J £ ~ ! ~§ ~ i~ -~' -~ ~ :~ ~~ -~ ~ -~ ~ ~~g~~-~~~-~ 
t § ] P ~ ~ ~ a :::: ~ ~~ 8 U) .s ~ .g a..9 ~ g ~ s s f s ~ ~ o g g ~ ~ .s ~ ~ 
;1~1:. ~ -~ ~I;~ -~ ~ i1~ § -~ ~ ~ § ~~ = ~~ ~ il g ~ ~~ § ~ ~: ~~8:§1~,:~~ 

Sequoia, Endl.-Continued-. ---- ':__ ~ ~ ~--~ ~ ~:___ ~ ~-~ ~'-~ .._"' __:_ ~ !':___ -~~ ~ _,__::___ C:, :=.e~:~-
Reicbenbacbi (Gein.) Heer ......................... + + ._._.. .... ... + ................................. + ....... + + , .... · 

F!h~!~~~r~~r6.~·~x~~~~:_:_:_::::::: ::::::::::::::::::::::::::::::::::-:-:::::::::::::::::::::::: Y :::-::::::::: -:- :~ .. ::: :~· -:-:::::::: ~ ~ :::: :r 
T•zg:::~~~iolro(O:,~di~i Gj;p;;,;: ..................... ,. . . . . . . . . . . . . . . . r. . . .. . . . . . . . . + . . . . . . . . . . . . . . . . . + . . . . . . . . . . . . . . . .............. . 

Pri~char~i(Gopp.)Ett.&Gard ................. 1 ........................................... + .................... + ....... I ........ , ........ , ...... ·' 
tax1form1s. Ung ....................................................................... + .................... + ................ ·-- .......... .. 

Tbuya, L. (including Cbamrecyparis, 

spB'.:l~c~-s~j,:·ap:::::::::::::::·::: ::: :::: .... ~. :::: ::: .::. :::. :::: :::: ·::·. :::::::: ::: .. ::: :::: :::: : .. .; .. :. :::· _ _; :::: :::: ::: :::: :::: ~ ~ ~ ::1::1:: 
a (3) 2 North America and Mexico, 1 China. c (25) Temperate and frigid and mountainous d l12) Temperate Asia, Southeastern e (12) Extra tropical North America 
h (1) Japan and Chin~. tropical N ortbern .ffell!isphere. . Europe, North America, and Mexico. :md Eastern Asia. 
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Ta,ble of distribution of Laramie, Senonian, and Eocene plants-Continued. 

I Summary 
Laramie. 'I Senonian. Eocene. 

1

. of t~e Other formations in which found. 
foregomg. 

- I <l I ., - <ti I"' I I . . _..,. . . . ' ' . ~ o o = § ~ =s ~ • ~ s~ s ~ . . 
"Q~ -;:; ~ QJ • > ce f: Ill C4 ~ ctl ~c!:l~ f -- ~ '0 ... 1:::1 =. - > re ·~.c 0 . Q;) ..... c f= (f) 0 ro § .d :!:·~ ~ g .; g ~.; ~ ~ & "' . I ~ .;: ,-§ ~ ;; g §·s . e . .; Species represented. _.._ '"'- ~ ~ :z C) "a= =O'J I~ .... 0;...-'"'a_. =:1138~ ~btl gs(,.) 
""" >'l "" "" " • «<O..,&J "'.-!! =11 . ~ II< p:, "Zp.. "~!<., ""' "" <i " "I .1-sl.~ a =:s o,;:s ~ ce 'i: .::= S'i:: c.. (".,) ~ ""'( ;... = .;::l. 0 rlJ te ~ .~ -·ol ~ o......, o c:. c Q;) • >- $ ~ 
::; 

0 § ~ ..cl ] ~ E:+l O'J e ~ rg.; ~~ ~ ~ '; "Z rg ~ ~a: 0 ~ ~ ~ ~ s ·s sn .e ~ Q ~ ~ ~~~ u~ o; ~ q "' I"' "" "'""I - =·- ,,.., II< "' I <= """ !;>I"'"' ·- ., '" Uu "' " >G .. '" <= e " ~~:~ ~-" «"""'~:= .... +=~ ~o !=\tao...,._ C)~=~ ..... ~;... a ... Qr1}(0 bf.l.,.. 

,...,. L O•ct•""' c-..,_ !!I j I ~ ] ! ~ ~ k !£~ ~ ~ I ~ ~ I ]I~ UJI j j I J Lt 3 ~ i J ~~~~~~!~~ 
'<;;~";.::%;"' . . . . L .. -I + . . .. . . . . . .•. . .. . . . .. .. . . . . .. . .. . . . .. . .. . . . .. . . . . . .. . . . . . -I + . . .. . . . . . . . . . . . . . . . . . . . . HJ, J r 

Lib~;~;.~~~~ei~;~~~:~:~~:~::~~:t~: ~} ~~~H~: ~~~: :~~: ~~~: ~:~: ~~~: :~~~ :)~~~~ ~:~: ~~~: 'i :~~: :~~: :~~: :;: :~~: .i' :~~: :~~: :~. :~~: :~~: i~~~:: ~: ::~~~ 
Callitris, Vent. (including Widdring· - I I 

ro~~\~;~f~JT. ,~ l :::: Y •••• :: 1-• , ) \1\. r •••• ·~· •:•• • ·• ••:•) •'• t r:,F •:•• •: +o ~~~ ~.~ 
Ettingshauseni, :S.ard ............................... / ... .!. ....... 1 .... 1 .... / .... 1·-··f"'· .. .J ... + /. ....... ···· .... / .... 1 + .... / ...... J ... ··· ··1·- ·· .. 1 .. 1 .. 

fl_obo~a, Bow. sp ............... ,. •...•. ---· .......... ---·! .. -· .... ! ........................ 1 .... + .................... + .... \ ....... 1 ........... 
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-'----------------------------- ------ 0 
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Con~mued. . I . I >-'l miCrophyl~a,Sap ...................................................................... 1 + ........ 

1 

............ + ............... 1 .......... 1.•. ~ 
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Flab~ll~~~=: ~e~_b:::.· . .'.·.·:.:.·:.·:::::· .. 2. ::: ... :: ... ::: :::: ::: ... i. :::: . ::. :::: . :: ... i ... 3 :::: :::: :::: "i' :::: 't .. i. ·4,· :::: ::: . + . +. + + :: :: :: + ~ 
chamreropifolia,Gopp ············!~··· .... ······!··· .... ···· + ··· ···· ···· ... '-·~····~···· ···· ···· ····~··· \ .... +I ...... j ... ··· ~--yl. ·· ·· .. !.. > 
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a (Phamix 12) Tropical and subtropical Asia and .Africa. IJ (Nip a 1) Tropical Asia, Ceylon; Philippine Islands, New Guinea, tropical Australia. 
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a (Geonoma 100) Tropical America. b (Oreodoxa 5) TropicaJ America. 
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. _rotundlloba(Sap.) Schp ....... ···1--1---- ...................... ----1·--· ......... + ........ ·--1·-- ....... , .... + ---·~··-- ---·~···· .......... ··,-· .. 
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Zm~~~~~t:,s~e-~~!.·.·_-_-_-_-;:::::::::::: ): ::::::::::::::::::::::::::::::1:::: ::::r:::: ·::·,:::: :::: :::l:::.:::· :::· .J. ,:::: :·:: :::: :.:1.~.1:::: :::·: ~,:: ::r:: ~ 
a <Drarrena 35) Warme•· re,gions of the Old World. d(Musa 20) Tropical regions of the Old World. 
b (Maiantbemnm 1) Temperate Northern Hemisphere. e (Canna 30) T1·opi0al and subtropical America. 
c (187) Tropical and temperate regions. f(Zingiber 30) East Indies, Malay Archipelago, Mascarene and Pacific islands. 
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I I ~~ Laramie, Senonian. Eooone. of the Otber formations in wl<icl1 found. 

I I 
forep:uing. ' 
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a ( Amomum 50) Tropical .Asia, .Africa, .Australia, anol Pacific islands. c (18) Euro:pe, middle and northern .Asia, and mountain~ of tropi-
b (7) Tropical .Asia, .Japan, .Australia, Mascarene bland•; tropical and subtropical Africa, Brazil. cal .Asia, North .America, Mexico, 
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Ta.ble of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. 
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Senonian. Eocene. 
Summary . 

of the I Other formations in which fmmd. 
foregoing. 
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a (7) Temperate Northern Hemisphere, Europe, Asia, North America. b (21 Temperate Northern Hemisphere, Europe, Asia, North America. 
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a (35) Temperate and warmer regions of the world, 6xcept Australia. 
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Indies and Mexico. . 
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a (10) North America (1 :Mexico). b(6) Temperate and subtropical Northern Hemisphere; 2'Eastern Europe and Asia; 2 America. 
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a (40) Tropical Asia, Pacific islands, tropical Africa(!), Ceylon, Malay Arclii- c (600) Warmer regions of the globe. Moat abundant in Malay Archipelago 9JHl Pa. 
pelago. cific islands. Few extra tropical Japan and Mediterranean reaion. Wanting in 

b (Artocarpus. cf. Coussapoa 18 and Pourouma 20) Tropical South America. North America, except Mexico. o 
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b (8) Eastludies, Malay Archipelago, Australia, Pacific islands. e (46) Australia, mostly extratropical. 
c (76) Australia and New Zealand. . · j (3) 1 New Zealand, 2 New Ca)edonia. 
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a (Em bothrium 4) South America, extra tropical or Andes. d(60) Australia, 1 New Zealand. 
b (9) 3 Chile, 6 Australia. e (15) Extratropical Western Australia. 
c(l60) Australia; 7 New Caledonia. f(Petrophila 35) Australia. 
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a (Protea 60) Extratropical Africa,1 or 2 tropical Africa. b (Leucadendrou 70) South Africa. c (2) 1 Meditel'ranean region, 1 Canary Islands. 
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cz (50) Tropical and Eastern Asia, Japan, North America. b (140) Tropical and Eastern Asia, Japan, Malay c 11) North America. 
Archipelago, tropical and subtropicalAustra- ' 
lia, New Zealand, New Caledonia. 
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Species represented. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 1
8~n~~ry 1· Other formations in which found. 
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"'l"'""l'",'l'"'l""'"i••••!••••! .... \ .... 1 + 1.::: :::: ::·· ::::::. :::::::::::: + :::: ·:::::::··a·:::: .. 2. :: 
a(200) Tropical and subtropical America; few in Canary b (100) Tropical and subtropical Asia, tropical and extra-

Islands, South Africa, and Mascarene Islands. tropical America, Virginia, Chile; 1 Canary Islands. 
c (50) Tropical and subtropical Asia, Japan, tropical 

AustraJia. 

,. 
> 
~ 

"'3 
~ 
b:l 
t< 
t;:j 

0 
"::1 

0 .... -rn 

~ .... 
b:l 
~ 
~ .... 
0 :-: 

~ 
00 
<:.0 

"h,• 
'"";:, 



'l'able of distribution of Lararnie, ·Senonian, and Eocene plants-Continued. 

I 
; Summary 

Senonian. Eocene. 1 of t~e Other formations in which found. 
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Laramie. 

Species represented. 
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a scon 1 a, ap ................................................................. 
1
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lanceolata, Lx .................... + .... ( !) ... J .......................................... 1 .... 1 .... [ .... + ............................. [ ... [ .... .. 
a (Monimia 3) Mascarene Islands. b (180) Warmer and temperate regions of the whole globe. c (80) America, chiefly tropical ; few in Mexico and Florida. 

d (60) Tropic~l America; few in Asia, Pacific a.nd Mascarene Islands. e (5-6) Temperate and warm Eastern North America, Eastern Himalayas, Malay Archipelago. 
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Species represented. 

Table of distribution of Laramie, Senonian, a.na Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of tbe I Other formations in w!:licb found. 
foregoing. 
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Holmiana.~eer ..................................................... + .... ---~·--- ........................... + ................... ! ............... . 

~I~~~~· ~~!::::::: ! ( :~::~:: :I ::::::::; :::: ::: >•::: :::: : ·~·il~ +> ; : t ~~+~f+J :: 
Phllibon;,s., • ...................... 1 .................... I+··················· I + ···· II II·· II 

=~~~;::::::: :::;:; :' ::: :~,·f: :: :. ::: : I .~ : ::: ; : ' ' ::•• .~. : ilf; :; ••• {+I+:~ II •• a~g;nti~ens, Sap ................................................. ···· ·--·~---· · ........... ···· .... ···· .... + .... ····1 + ........ ·· , .... 1 ...... , .. ·· .. I .. ·· 

~g~lt~i:~t~~~::::_:_:_:_:~~~~::~~~; ;~~: :;;: ;~;~~;.~;;r;r~~ ~~~~ ~;~; ~;;: ;;~~ ~~;: :;~~ }: ~~~~ ;~~~ ~~~~ ~~~: :t: :~~: :~~-~! :~~: :~~: :~;r:·~:~: ~: ~:.~~ ~r ~~ 
a (25) Europa Asia, temperate America; few in :Mexico; 1 Peru. cl (251 Tropical and Eastern Asia to Mantchooria, tropical Africa, Pacific lslands, 
b t2) 1 temperate and subtropical :Northern Hemisphere from Canaries to Japan; New Zealand, Australia. · 

1 Australia. e (30) Tropical and Eastern temperate Asia, North America, Mexico, Japan, 
c (11) Tropical am\ Southern Africa, Mascarene Islands. Malay Archipelago. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 
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Laramie. Sllnonian. I Eocene. of tl!e I Other formations in wbicb fonnd. 
foregomg. 
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Mel:::~fi:ir.~~f.~:-:-:::-:-:-::-:-:-:::::::: f :::: B.-1.- :::::::::::::::: :::y:: :::: :::r:: :::::::::::::::::::::::: i :::::::::::::::::::::::::::: :FI:: :rl:: 
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a (2-3) Middle and East~rn Europe, tropical and su btrop- b (Melastoma, 40) Tropical Asia, Northern Australia, c (700) Tropical and sn btropical America, tropical 

icaJ Asia and Africa. Oceanica, 1 Seychelles. · Asia; few Australia and Africa. 
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Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which found. 
foregoing. 
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icr.vptoneuron,Sap.&Mar ........... l.. .. / ...... 
1 
.... , .. _../ + ... + ... , .... f .•• ,. ....... f .... , .... f .... , ........ f + ! .... j +! + ....... I ...... , .... f ..... , .. f .. j .. ) .. 

combretacere: . • .... : ........... , ............ 1::::) .. ::\::::1:::·\ +) ::r::l::::l::::l·::·):fl 
Terminalia, Lf · · · ... : ................ j .... ! .... j ...... l .... l· .. ·l .... l .. ··l·"·l .... j .... j .... j .... / il/ .... j .... ) ............... ""I 2 ..... / .... "" ........ +)+ '")"/")" 

elegans, fleer ..................................................................... + .................... 1 ........ + ........................... 
1 
.. .. 

a. {100) Extratropical Western South America, tropical Ametica {fewer); 8 Aus- d {Callistemon 12) Australia; 1 or 2 New. Caledonia. 
tmlia, 4 New Zealand, 1 Southern Europe and Western Asia. e (Leptospermnm 25) Australia; New Zealand, New Caledonia, Indian Archipel· 

b (18) Pacific Islands (New Zealand-Hawaii); 1 tropical australia, 1 Indian ago (few). 
Archipelago, 1 South Africa. I {80-90) Tropical Eastern Hemisphere, few tropical America. 

c (100} Australia, Indian A.rchipelago (few). 
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Table of diiJtribution of Laramie, Senonian, and Eocene plants-Coutinnetl. 

Species represented. 
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1

' ~ :::: 1~:::: ::::l:::t:tr):: :: ::1:: 
Roaacere~yricinum,DelaHarpe ............................ 1 ........................................ + .... + ----

1
--· ·; .. + ........ ----~----~---~+~ .. --~-- .. , .. 

Am~J~~~:eN'e:;\~':~-~-_-_-_-_-_-_::::::::::: ::::1:::: / :::: :::: :::::::: :::::::: :::: :::::::: :::· :::: :::: :::: ::::1::::1 .J 1:::·1::: ::::::::::::c.!.~ ::,~k:: :: :: 
Cotone~st_e~·, Medtkj ........... ........................ 

1 

............ , ................... 7 ........ ---- ........ 1 ........ 7 ................ 

1 

.... \+ + · -- .. --

~~~~r: : :::: : : I :I~~~~J~~~ :~~: :J:~~: ~~~~ ~~~~ ~~~-~ ~~~~ ~~~:1 i ~~~: ~~~~ ~~:: ~~:: ~~J~~-[- t :~~; ~:~; ~~~; ~~~;I~}I}J; ;: ::1;~ 
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era:~~~.~~::::::::::::::::::::::::: ::::~--i-1:::::~ .::.:::::::::::::::: .. 2.::::::::::::1 "'.i ::::1:::: :::· ·::· ::::(i· z i :::::::::::: ::::1·:;·1:; ++I+ :r 
requ~dentata, Lx .................... + .... --1----1----1----1---- "'"1"'"1"" ....................... ----1----1 + 1-- 1 ..... · ................ "i" .. ·-"'I" 
atavma, Heer ..................... r .................................. + ........................................ + ....... 1 .... • ............. • .......... .. 

a (2) 1 tropical to temperate North America, 1 Asia Miuor. 
b (Hamamelis 2) 1 Ea.stern North America, 1 Japan. 
c (5ti) Temperate Europe, Asia and America; Andes. 
d (2) Temperate Eastern Australia. 
e (4) Asia Minor, Japan. North Amerwa. · · 

/(15) Europe, Northern Africa, Middle and Western Asia, Siberia, mountains 
of the East Indies, Mexico. 

g (05) Europe, Western and Northern Asia, Japan, North America (Cana<la to 
Mexico); 1 Andes, New Grenada. 
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Species represented. 

Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary , 

of the I Other formations in which found. 
foregoing. 
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Species represented. 

a (120) Cape Colony (most numerous); warmer extratropical b (Anacardium 6) Tropical America. d (50) Europe, North Amenca, Northern Asia. 
region• of both hemispheres; few tropical. c (2-4) Temperate North America, Japan. 
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Species represented. 

1'ablc o( distr,ibution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the 
foregoing. 

Other formations in which found. 
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'l'able of d·istribution of Laramie, Senonian; and Eocene plants-Continued. 

Summary 
Laramie. I Senonian. Eocene. of the I Other formations in which found. 

foregoing. 
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1nreq1_1ahs,Lx ................... + .................................................................. + ..................................... . 
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a (10) Northern India, J" ava, China, eastern tropical b (50) Tropical A.sia and America, Africa ·(rarer), Australia (very rare) ; warm, 
Africa, tropical and teruperate North America. extratropicaJ 1·egions of both Hemispheres. 
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Ta.ble_ of distribution of Laramie, Senonian, and Eocene plants-Coutinued. 
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Snmm»ry 
L»ramie. I Senonian. Eocene. of t~e I Other formations in which found. 

foregomg. 
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lanceolatum,Hos ....................................... + [ .... ] .... + ........ 1 .... •••• ........................ \ + .......... 1 .... 1 .... 1 ..... 1 ........ J 

«- (2) 1 Southern Europe and We~tern Asia; 1 Southern China. b (18J Mountains of India, China, Japan; few in North .America and Australia; 1 Madagascar. 
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Species represented. 

Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which found. 
foregoing. 
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1 ... ·[· .... ···1· ......... J ....... ~ ~ ~ ~~t~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~~-. 
, reticnlatum, Sap .............................................. 00 •• 00 .................................... + .. 00 .... + .... 00.. • .. • • • • • • .. •• •• • 00 •••• 

. . serratum,Sap .................... ···· ···· ...... " 00 
.... 1·· 00 

.... ••
00

1 + l····t·"· .... ! .......... ool .•...... /o.oO .... I+ 0000 .... l .. oo ............ 1 .... 1 .... I .. .. 
Ihmne::e: 1 o 

··-· .... --·· 

.............. :: :::: :::: :::: :::: :::rf 
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+ 
+ + 0000 0000 oooo 0000 ooooOooooOoooo + oOOO ooo ooOO 0000 0000 

... 0000 .... 2 oooo 0000 oooo oOOO 

Heerii, M ...... oooooo• .......... 00 o•oo o ... oo ........ 0000 0000 .. oo " 00 0 "' •• oo 00 " ..... ::::::::::: t ::::::::::::::::1 + 00 .. __ .. OOOo .• oo ooOo ...... 00 00 00 

Malpighiacere: ' 
Malpighiastrnm Ung.d OOoOOO ..... oo. 00 •• .......... ooo• 0000 0 ....... 00 " 0000 00 " .... 00 " ... ooOO .... 1 o ... 0000 .... 00 .. 1 ... 000 00 .. .,

0 00
., + + .... 

00 
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Tiliac..::almaticum,Ettoo .... oooooooooooo ......... oo ... 0
"' oo•· 0000 oo .. 0000 ooo 0000 ........ 0000 ••• 00001 + 0 ....... OOOo 0 ... + oo· ooo· 0 ... 0000 0000 00 .. j .. j .. j .. 00 

······-··1····1··•·1··-·1··1··1·•1--1··1+ 

Apeihopsis, Heer e. 000 .......... 000 1 0000 °" 00 ' ooo• .... 0000 .... 0000 0000 0000 .... 0000 OOoO ooOO 1 0000 0000 .... 1 00 .. 1 1 oo· .... + 
0000 

...... + 00 .... + 
a (145) Temperate and tropical regions. chielly South American; rarest in Africa c (Guaiacum 8) Tropical and subtropical North America. 

and Australia. d (Malpighia 20) Tropical America. 
b(3) East Indtes and China. e (Apeiba 5) Tropical America. 
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Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which found. 
foregoing . 
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:~~8 ~ ~-~~:c3_j=lj~~~~ -~ ~ ~ ~~$o~~~Jl o ~-~ A_~:5Si~&~'c3 

Apej~~l.,j~;,l£~~~·~-~~n_t~n~~~: ...... I+ 1---~ .... .. ......... I __ ............ ··-· ............ --"1--"'l'"" .... 
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+ .............. .. ..!. .. (. ' __ ·-'1-·l·r .. 

:::t~ft;;:~~;;r:-7~~:~":":":":":":~~~~ :}~~~~ ::?: :~~: ~~~~ ~~~~ :/[~~~: ~~~: ~~~~ ~~~; ~~~~ ~~~~ :~~: t,,~~~:~~~~· .:~: '{ ~~~: :~: ~~~~ ~~~~ ;~~: :j:~. ~~~~~~\~ i 
anisomera, :o;ap ... -- ................ J --- .. ---- .................... ---- ............ ---- ---- .... .... ... + ---- .... + .... ---- ....... 1 .... -- -- --1--1-- --

~]J'O.j : i'J ::\:i :•\\. \\ ::i:• ::••\• :1·\··:· : :\11,·~···\··~· \. \: \ :\::•:•••:····~·· 
Sterculiacern: I ' 1 1 I I 1 

Do~~~j'J'~· Ung_~."."."." . .":--·:::::::· --~· .::: .... ~. :::: ·::: .::::::::::: :::::::: ·::: ·::"j:::J::· ::: ~ --~- ::: ... :. ::::: ~ :::::::::::::::: ::::::1:::::: :::: auricO:I":t~,M ......... ·:: ....... ." .................. --- 1---- --·· --· ........ ----~----~---I ....... I+ ...... ~---- .... ; + .............. j ...... , .... --,--' .. 

~JM~~"f -:._ •••• :_:::-·-·· HE_=:::. :._ •• :••• :1! -••· -···· -I L .: ] • •····· I: 

~~il~~:-:-r•••••••• ·~· • -, .. -: :: -- •• :: •: •••• •:•• : •••• : •••• • f: ·~· -• ·~· •• .~. •• ••:• •• :••• : ~~" •• •: 1 a (8) North temperate zone, lJ (Grewia 60) Warmer re~io11s of the Old World, c(Dombeya 24) Africa ant! Mascarene Islands, 
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Species represented. . 

Table of distribution of Laramie, Senonian, and Eocene plants -Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which found. 
foregoing. 
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.............. + ............................... . 
.... ············ + ............................ . 
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a (Pter018permuru 11) Tropical Asia. b (60) Warmer regions of the globe, chiefty tropical Asia. 

:::: 

~ 
.:... 

,.., 
> 
::P 
t"' 
M 

0 
»::: 
..... 
'-' 
>-< 
(f) ,...., 
~ 
>-< 
~ -~ 
>-< 
0 
~ 

01 
0 
v• 



Table of distribution of Laramie, Senonian, and Eocene plants-Continued. 

Species represented. 

I Summary 
Laramie. Senonian. Eocene.· of the Other formations in which fonnd. 
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Pro~Xi~t~~:~t.~_:_:_:_:_:::_:_:_:_:_:_:_:_::::- ::::'::::1::::::11::::~::: \:~: ::::1:::: ::::I·J ·:~: :::::::::::: ::· :::::::::::: ::: ] :: :::::::::::: :~ c: :::::::::: ~ 
Leco~teanum, Lx ................. ---- ............. 1... .. ·--· ----~ .... + ·--· ........ \ ............ ---- .... · + ........... --- + 1-... J. :·"-- .. 
~~~~~:€;~~::::::::::::::::::: :::: ·::·1_::::: :::J:J::: ·::· :::: :::: 'i=' ."!:. :::: ::::1:::: :::· :::: ::::.::. :::· t ::. :::: ::::::: + ·:: ::1:: :: :: :: :: 
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... ~i:i~i:~····;~;; -•-•• ·1
1
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latif'?lium, Sap ........................ ----\------,---- ........ \ .... ---· ................ + ·--·1""1""1--1---- .... ) ... + ""1""1"" .......... / .. 1-- --1--1--
lanrmnm, Sap ................................. 1 .... --- .... \ .................... ---· + .... -- .. . .............. + ...................... + ...... .. 

a (10) Tropical America· 1 tropical Africa, 1 tropical Asia. c (50) Africa, warmer parts of Asia; Pacific Islands, Australia, New Zealand. 
b (60) Tropical and subtropical Asia and America. 
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i· . 
Laramie. Eocene. 

Summary 
of the 1 Other formations in which Jonn<l. 

foregoing. ' 
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Speoies represented. 
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a (2) .America, .Asia, tropical .Australia. d (10) Tropical .Africa and Asia; China; 2 warmer parts of North America . 
b (20) Tropics and Northern Hemisphere, few South .Africa and .Australia.. e (50) Tropical America; 2--3 tropical Africa and Asia. 
c ( Menisperrnum 2) 1 North America, 1 temperate Eastern Asia. · 
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Tnble of distribution of La1·amie, Senonian, and Eocene plants- Continu_ed. 

1 I ·1 I Summary 
I Laramie. 1 Senonian. Eocene. ' of t~e I Other formations in which found. I foregomg. 
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a (7-8) North Am~rica (including Mexico), Central Amm·ica (Cuba!). b (1) North America. c ( 14) North America, Mexico, Japan, China, Himalayas. 
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Table of distributim~ of Laramie, Senonian, and Eocene plants-Continued. 
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Species representecl. 

Table of distribution of Larmnie, Senonian, and Eocene plants-Continued. 
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b (110) Tropical regions of the world. . e (30) Temperate and subtropical Northern Hemisphere. 
c (35) Tropical and Mirldle Asia, MediterraneaD region, tropical and South j(16U) Warmer regions of Asia, Australia, and America (none in Africa). 

Africa, Mascarene Islands, New Zealand. g (153) Tropical regions of the world; temperate Asia and America. 
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e (60) Tropical and subtropical regions of the Old World; Pacific Islands. 
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Table of distribution of Laramie, Senonian, and Eocene plants- Continued. 

Laramie. Senonian. Eocene. 
Summary 

of the I Other formations in which found. 
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DISCUSSION OF THE TABLE OF DISTRIBUTION. 
·? 

In attempting to compare and discuss a few of the more salient points 
which this table brings to light, it will perhaps be most convenient to 
consider the several groups of the systematic arrangement in their de­
scending order from the primary subdivision into the two great series 
down to the ultimate subdivision into species. Preliminary to this a 
few of the leading facts need to be set down. 

The whole number of species enumerated in the table is 1,5407 of 
which 286 are Cryptogams and 1,254 are Phanerogams. The Orypto­
gams consist of 119 cellular. and 167 vascular, and the Phanerogams of 
115 Gymnosperms and 1,139 Angiosperms. The Angiosperms embrace 
160 Monocotyledons and 979 Dicotyledons, and this last subclass is 
made up of 467 apetalous, 406 polypetalons, and 106 gamopetalous 
plants. These are the primary groups int~ which the vegetable kingdom 
is divided in the natural system, and, with the occasional exception of the 
last two, vegetable paleontologists almost unanimously adopt the order in 
which they have just been stated, which is also that of the table. They 
do this chiefly because it best represents the order in which these groups 
have appeared in the geological history of the earth, and their relative 
abundance in the several ascendi1.1g strata. This, however, is true only 
as a general proposition, and may not hold in special cases, particularly 
when adjacent formations are compared. It cannot., therefore, be ex­
pected to prove literally true of the three formations we are here consid­
ering, nor to have any very great weight· in determining the age of the 
Laramie group. Doubtless if we knew the entire flora of that group, and · 
also the floras of the upper Cretaceous and the Eocene, such a compari­
son would have considerable weight and serve in large measure to fix 
the time at which the first of these floras :flourished relative to that of 
the other two. But while we need not anticipate great results in this 
direction with things as they are, our table enables us to make this com­
parison, and it will be interesting, to say the least, to do so. 

In comparing the leading :floral elements of these three formations, 
however, it is evident that we cannot use the net figures as given above, 
on account of the occurrence of a con_siderable number of species in 
more than one of them, sometimes in all three. The number of such 
coincidences amounts in onr table to twenty-four, making the gross en­
tries in the three columns 1,564 instead of 1,540, and the former of these 
numbers must be taken as a basis of comparison. These slight additions 
will be scattered through the different groups, affecting them all more or 
less. The changes will not., however, at all vitiate the conclusions to be 
drawn. It is clear that the element to which we must attend is the 
proportion which the several •egetable groups bear to the total num­
ber from each formation, and that a comparison of these percentages in 
the same group for the three formations will afford us all the basis there. 
is from which to draw conclusions. 
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The data may be condensed in the following form: 

Laramie. Senonian. Eocene. 

Systematic ~roups. ---------~ -----c----

Number. Per cent. Number. Per cent. Number. Per cent. 

-------------1-~----------------
.All plants .............................. 323 100.0 362 100.0 879 100.0 

Cryptogmns ........................ ' 48 14.9 97 26.8 143 16.2 
Cellular ........................ 13 4. 0 18 5.0 89 10.1 

Vascular ........................ 35 10. 9 79 21.8 54 6.1 

Phrenogams ~ ...... --- ..... -... ~-... 275 85.1' 265 73.2 736" 83.8 

Gymnosperms .................. 18 5. 6 43 12.2 58 6. 6 

Angiosperms ................... 257 79.5 222 61.0 678 77.2 

Monocotyledons ............. 31 9.·6 23 6.4 107 12.2 

Dicotyledons .............. : 226 69.9· 199 54.6 571 65.0 

Apetalro ................ 119 36.9 116 31.7 241 27.5 

Polypetalro ............. 84 26.0 66 18. 2 

I 
263 29.9 

Gamopetalro ............. 23 7. 0 17 4. 7 67 7. 6 

.An examination of these pe.rcentages shows that little light is thrown 
by them upon the relative age of the Laramie group. While in theSe· 
non ian, as theory would require, the Cryptogams have a higher propor­
tion than in the other formations, it will be observed that they have a 
smaller proportion in the Laramie than in the Eocene, which is contrary 
to theory. This anomaly, however, is caused by the irregular represen­
tation of the cellular Cryptogams, which generally have increased with 
the later epoclls and do not represent the waning types of the ancient 
floras. The vascular Cryptogams, however, do this, and it is to them that 
we must look for the con-firmation of the theory, if it is to be confirmed. 
We find tllat it is here confirmed with sufficient accuracy, the Laramie 
occupying a position intermediate between the Senonian and the Eocene, 
though considerably nearer to the latter.· 

In the Gymnosperms we find the same anomaly as in the total Cryp­
togams, which in both cases is evidently due to the great predominance 
in the Laramie group of dicotyledonous forms. ·That group is, however, 
exceptionally rich in Monocotyledons, approaching t_he Eocene in this 
respeet, while this type is meagerly developed in the Senonian. It is 
the great predominance of palms in the lower I;aramie that has led Mr. 
Lesquereux to insist upon its Eocene facies, and this is certainly evi­
dence not to be ignored. It is known that t-his type reaches its maximum 
development in the Eocene, and that to its predominance tbe special 
.character of the Eocene flora is largely due. If, however, the Laramie 
;group includes the Fort Union beds in one great deposit, with an exten­
.sive north and south range, its combined flora will certainly greatly 
reduce the percentage of these Eocene types, for we must recollect, and 
I hope soon to demonstrate this fully, that, so far as now published, the 
:flora of the southern districts is given a wholly undue prominence and 
that of the northern remains as yet for the most part undescribed. Still, 
this is an anticipation which is out of place here, since the object of 
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our present research is to inquire into the characteristics of the Laramie 
flora as hitherto published aud made known. 

The great profusion with which the Dicotyledons are representeQ. in 
all these floras-amounting to considerably over half the species even 
in, the Senonian, over two-thirds in the Laramie, and nearly two-thirds 
in the Eocene--makes this group of plants a somewhat more reliable 
term of comparison than any of the less abundantly represented types 
th~s far considered. Whatever may be thought of the proper place of 
the Gamopetalre, so sparingly preserved for us in the fossil state, it is 
universally admitted that theApetalre,or Monochlamydere, with their nu­
merom; amentaceous genera, furnished the earliest representatives of 
dicotyledonous vegetation, and that the forms with two floral envelopes 
(Dichlamydere) came later and form a higher type of plants. If we ex­
amine the percentages here, we find that the law holds true for the Poly­
petalre and Gamopetalre, which are the rising forms, or at least were 
so.during all three of the epochs under consideration. The percentage 
is least in the Senonian, intermediate in the Laramie, and highest in the 
Eocene .. In the Apetalre, however, the maximum development appears 
in the Laramie instead of in the Eocene, which is not easily explained 
and probably will not continue to hold true with the more complete 
elaboration of that flora. These comparisons are with the total floras 
of the several groups, but perhaps a more-interesting result will be ob­
tained if we consider the Dicotyledons by themselves, and then find the 
relative proportions which the subdivisions bear to the whole in the 
three formations. Such a comparison will show that in the Laramie 
group the Apetalre are 53, the Polypetalre 37, and the Gamopetalre 
10 per cent. of the Dicotyledons; that in the Senonian the Apetalre are 
58,5, the Polypetalre 33, and the Gamopetalre 8.5 per cent. of the Dico­
tyledons; and that in the Eocene the Apetalre are 42, the Polypetalre 
46, and the Gamopetalre 12 per cent. of the Dicotyledons. On the theory 
that these types progressed in the order named and that the ·Laramie 
is ·intermediate between the other two formations, the relative number 
of apetalous species should diminish as we pass from the Senonian to 
the Eocene, which is the case, viz: Senonian158.5; .Laramie, 53; Eocene, 
42. The relative number of Polypetalre, on the other hand, should rise 
with the age of the strata, and this we also find to be the case : Senonian, 
33; Laramie, 37; Eocene, 46. The Gamopetalre should also rise with the 
strata, but more rapidly. The figures are: Senonian, 8.5; Laramie, 10; 
Eocene, 12. These coincidences of fact with theory are.interesting, and 
in view of the circumstance that they continue to hold froin the Ceno­
manian below to the Miocene above,1 they can scarcely be regarded as 
wholly without significance. 

The advantage of comparing such large classes consists in the tend-

1 See Fifth Annual Repol't of the United States Geological Survey, 1883-'84, pp. 449, 
450. For similar data for the comparison of the floras of other formations, see table 
on p_ages 440 and 441. 
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ency of this method to eliminate the disturbing element of geographical 
distribution, which, as we shall soon see, is the chief obstacle to exact 
results in the consideration of genera and species. The species may all 
differ, the genera may be more or less local, even the orders may pre­
vail in certain cont!nents or hemispheres, but the relative predom!nance 
of such great types as the vascular Cryptogams, the Gymnosperms, or 
the Dicotyledons may depend chiefly upon the period in the history of 
their developml'nt, and, therefore, afford a measure of time which is as 
much more reliable as it is more rude and general than that afforded by 
the narrower groups of vegetation. Viewed in this light, the data thus 
far considered, while suggesting nothing more definite, may b~ fairly 
claimed to prove that the Lara;nie age was considerably later than that 
of the Senonian, and somewhat earlier than that of the Eocene flora. 

In the classification of plants according to the natural method the 
next subdivision after the ones we have just considered is that into 
natural families or Orders. In certain large systematic works, it is true, 
an intermediate group is often intr:oduced, usually called the Cohort, 
but it will not be necessary or convenient in the present case to treat 
this subdivision separate from the Order. In the cellular Oryptogams 

-the dassiiication is very unsettled, and the several groups receive dif­
ferent systematic values. The Fungi, Lichens, and Algm are not always 
regarded as orders, but they are so rare in a fossil state and of so small 
importance from the chronological point of view that they may be con­
veniently so regardt)d here. Four species of Fungi, consisting chiefly 
of spots on dicotyledonous leaves (Sphceria, Hall) have been described 
from Laramie strata, while only one such ·has been reported from the 
Senonian and only two from the Eocene. 'fhe only lichen referred to 
any of these formations is an Opegrapha from the Laramie. Nearly a 
hundred species of supposed Algm have been published from the three 
horizons, three-fourths of which are Eocene, embracing a large number 
of doubtful forms described (and often not figured) by 1'\fassalongo from 
Monte Bolca, etc. The Laramie furnishes only eight and the Senonian 
seventeen. Their diagnostic value may be set down as nil. Twelve 
Characem (all belonging to Ohara) and four :\<1uscinem all from the 
Eocene, complete the cellular Oryptogams, which, for our present pur­
pose, might as well have beeu omitted from the table. 

The Filices, or Fern family, constitute an important order from the 
point of view of this discussion, furnishing 154 species. As the waning 
descendants. of Carboniferous types that predominated throughout the 
earlier history of the globe, we naturally expect them to continue to 
bear in point of abundance some relation to the age in which they are 
found, t4e earlier to have precedence over the later. The assumed 
position of the Laramie group between the other two is borne out by 
this order, for, although a larger actual number of species occurs in the 
Eocene than in the Laramie, this number is. less. in proportion to the 
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total of the two floras. The Laramie flora is 21 per cent. of the three· 
combined floras, the Senonian is 23 per cent., and the Eocene 56 per cent. 
The quota of each, therefore, were they all of the same age, would be: 
Laramie, 32; Senonian, 36; Eocene, 87. It will be seen that the Seno­
nian far exceeds its proportion, even assuming" for it a considerably 
lower position. We are thus forced to see in the Senonian flora a much 
stronger Mesozoic facies than in either of the other groups. No family 
of plants brings out this tact more clearly than that of the Ferns, but it 
also speaks with equal authority upon the position of the Laramie below 
the recognized Eocene plant beds as thus far known. 

The Rhizocarpere, Equisetacere, and Lycopodiacere can best be men­
tioned when we come to consider the genera, and we will now pass to 
the two gymnospermous orders; the Cycadacere and the Coniferre. The 
Cycadacere, although they have barely survived into modern time, are, 
as is well known, a characteristic Mesozoic type of vegetation, having 
attained their maximum development in the Jurassic. They form an 
insignificant part of the Cretaceous flora and nearly disappear with 
the Tertiary. The only Laramie species rests upon a single specimen 
fonntl at Golden, Colorado, and referred by Mr. IJesquereux to the 
genus Zamiostrobus. Yet seven species belonging to almost as many 
genera are recorded from the Senonian, again reminding us of the Meso­
zoic age of this flora. 

'Ve are thus brought to the consideration of the Coniferre, which is 
one of the most important orders in the vegetable kingdom for the pa· 
leontologist. In the three formations under consideration this order has 
thus far yielded l 07 species, of which 17 are found in the Laramie, 36 in 
the Senonian, and 58 in the Eocene, there being four coincidences. 
The even quota of each would be: Laramie, 23; Senonian, 26; and 
Eocene, 62. As the Coniferre probably attained their maximum devel­
opment in the middle Cretaceous, that is, earlier than any of the three 
epochs we are considering, the older .of these epochs should show an 
excess o,·er this quota and the younger a deficit. The Senonian shows 
such an excess and the Eocene such a deficit, but the Laramie also falls 
below even farther than the Eocene, which, in so far as the evidence of 
this order goes, gives it a more modern aspect than the Eocene. 

Passing to the monocotyledonous ·orders, we find them, with the ex­
ception of the Palm Family, too small to afford any reliable criterion 
for the settlement of questions of age. The Naiadacere and Gramiuere 
are the only other orders at all approaching the palms, and bot.h these 
dis play decidedly modern characteristics, compared with any of the types 
hitherto considered. If the palms reached their highest state and great­
est abundance in Eocene time, the grasses did not probably attain this 
position before the close of the Miocene, and it may be doubted whether 
they have attained it at the present time. The same may be said for 
the Cyperacere and perhaps for the N aiadacere. The Liliacere and Sci-
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taminero may have declined somewhat, as have more probably the 
Aroidero. · It is at least evident that in considering the monocotyledo­
nous orders we are confronted by a set of conditions the reverse of those 
we met with in the ferns and the Ooniferre,. viz: all our formations are 
now below the period of maximum development of the group under 
consideration, and the opposite results must be expected. These, in 
fact, we find. The palms furnish 60 species, which, evenly distributed, 
would give the Senonian 14, the Laramie 13, and the Eocene 33; but 
the Senonian gets only 4, while the Laramie gets 17, the Eocene afford­
ing the remaining 39. In this important order, therefore, the Laramie 
is about as fully represented as the Eocene, a fact which has been used 
to its full extent in arguing for the l!Joceue age of the Laramie group. 
If, however, we take tbe other. monocotyledonous orders together, we 
find that the Laramie (14) falls considerably more below its quota (21) 
than the Senonian (19) falls below its quota (23), which might equally 
be taken to argue its Oretaceous age .. 

In discussing the numerous dicotyledonous orders, we can only select 
those which are most important, either from their abundance in the fos­
sil state or from eertain peculiarities or anomalies which they present. 
As all trace of the earliest beginnings of this great subclass is still with­
held from human observation, it is difficult to describe the rise and de­
cline of its several subdivisions, but it seems probable that the mono­
chlamydeous forms were not only the earliest to appear, but that at the · .. 
period when we first make their acquaintance (the middle Cretaceous) 
they had nearly attained their acme of growth and diversity. We then 
find the large families Salicinere, Oupuliferre, Urticacere, and Laurinere 
in great profusion and highly developed, while many forms which are 
now dichlam;ydeous, though they might not then have been so, had 

. already come upon the scene. In examining some of these large orderst 
the principal question we have to ask is, Does their occurrence in 
the Laramie group more nearly resemble that in the Eocene or in the 
Senonian, or rather, assuming that the chvergence of the Senonian and 
Eocene; a·s known quantities, indicates difference pf age, does the diveqt 
ence of the Laramie from the Eocene indicate for that group an age at 
all earlier than the latter~ The comparison, as in former cases, must 
be with even quotas and not with the actual figures. The Salicinere 
furnish 56 species to the three formations. The quota of the Eocene 
would be 31, and we find 16; that of the Senonian should. be 13, and we 
find 14. An intermediate position would make the Laramie fall some­
what short of its quota (12). As a matter of fact it more than doubles 
it (26). So far as this order would indicate, therefore, the· Laramie 
would be decidedly sub-Senonian. This is due to the great predomi­
nance of the genus Populus in the Laramie group, of which more will 
be said hereafter. 

The Oupuliferre furnish 146 species. Of these the Eocene has 58,. 
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a number about one-third below its quota (82), while the Senonian has 
52, a number as much above. The Laramie occupies a strictly inter­
mediate position, yielding 36 species, or five more than its quota. In the 
Urticacere the Laramie· deviates more from the Eocene than does the 
Senonian awl in the same direction as in the Salicinere, while in the 
Laurinere the deviation is again intermediate. In the J uglandere we 
again have the Laramie showing an exaggerated Mesozoic tendency. 

We thus see that 11one of the apetalous orders gi>e the Laramie the 
same position, from this numerical point of view, as the Eocene, all 
placing it lower and either intermediate between the Eocene and the 
8enonian or below -the latter. 

The principal polypetalous orders are the Araliacere, the Myrtacere, 
the Rosaceoo, the Anacardiacere, the Sapindacere, the Rhamnere, the 

. Celastrinere, the Sterculiaceoo, and the Magnoliaceoo. They are much 
more decidedly Eocene in aspect than the apetalons orders, but less so 
than they appear with the proportionally large figures in that column. 
In fact, the Eocene generally only slight.ly exceeds its quota for the three 
groups after equalization as explained above, and in the Rhamneoo and 
Magnoliaceoo it falls below it. A careful inspection of these nine orders 
shows tllat in two cases (the Rosacere anu the Sterculiacere) the Laramie 
holds an intermediate place between the Eocene and the Senonian, that 
in four cases it holds a place below the Senonian, while in three cases 
(the Anacardiacere, Sapindacere, and Mf\gnoliacere) its position is indi· 
cated as slightly higher than the Eocene. 

The gamopetalons orders are small and their indications are readily 
deduced from a casual inspection of the table. The two largest, the 
Ebenaceoo and Oaprifoliaceoo, consist entirely of the two genera., Diospy­
ros an<l Viburnum, respectively, and can be treated under the head of 
gcncrn. Taking all the gamopetalons orders together, the Laramie is 
seen to occupy an intermediate position between the Senonian and the 
Eocene. 

In examining the orders represented in the three ·formations under 
consideration, especially the smaller orders; a marked tendency is visi­
ble. toward the confinement of entire ones to one formation. Thjs is 
due to geographical peculiarities, a characteristic which, when we come 
to study the genera, can be no longer ignoreu. -

We are now prepared to consider our subject from the point of view 
of the gcncrc~, and before going further it will be nece_ssary to point 
out some of the difficulties of this method. In vertebrate paleontology 
the genera are nearly all extinct, and therefore the paleontologist 
may here. legitimately employ his genera as reliable data for the 
determination ofthe age of the formations to which they are confined. 
In vegetable paleontology this is by no means the ease. Of the 354 
genera represented in the three formations only 165 are extinct, and 
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many of these are so similar to living genera as to be designated by 
the same names with modified terminations, !$UCh as ites, opsis, etc., and 
such forms are, with better material and more careful study, being con­
stantly made to take their places as true living genera. The vertebrate 
paleontologist, therefore, deals with genera as the paleobotanist does 
with species, and in fact, as is well known, in this department of zoology 
the term "genus'' is given a much more limited meaning than it is in 
botany, and a rank not far above that of" species" among plants. This 
is doubtless in great part necessary, and due to nature having drawn 
classificatm·y lines, so to speak, at somewhat different points in different 
scales of being. But it is clear that the paleobotanist cannot compare 
his genera as the vertebrate paleontologist compares his for the settle­
ment of questions of geologic age. It is, however, true that certain 
genera which flourish at the present day predominate in certain forma­
tions and are rare or absent in others of later age, so as in a true sense 
to be characteristic of such formations. This does not prove that they 
subsequently dwindled away and then revived at a still later date, 
although this might, and probably sometimes does, occur. But the ex­
planation is that several beds of different age are usually in different 
parts of the world, and the flora of the globe in past time, as at present, 
bas sustained different types of vegetation at different points on its 
surface. Or, if the beds are nearly over each other, 'i. e., not far sep· 
arated geographically, the predominance of certain genera in lower that 
are rare or absent in higher strata must be explained on the hypothesis 
of migration or by supposing that the nature of the C"Ountr.r at the two 
points was very different at the time of the respective deposits. It 
thus comes about that when we speak of the Laramie flora we refer to a 
definite geographical area at a definite period of time, and when we speak 
of the Eocene flora we mean the beds occurring at the localities named 
on our table and a few others grouped together in the last column but 
one. If the reader will take the trouble to inspect the columns of" the 
table in which the Senonian species are set down he will find that a very 
marked distinction exists between 'those of Europe on the one hand and 
those of America and the Arctic regions on the other, and that the lat­
ter resemble much more closely those of the Laramie group. 1'his is 
entirely because they are in nearer geographical relationship with them. 

But it must not be forgotten that genera are capable of great modi­
fications without rendering a change of name necessary, and' the prac­
tice among paleobotanists has been to crowd everything into living gen­
era that they will contairi without doing violence to their accepted at­
tributes. Therefore, an Eocene ora Cretaceous genus, though still living, 
may embrace forms widely divergent from those now recognized under 
the same name, so that such genera may really be characteristic of those 
formations as strictly as though they had become extinct'at their close. 
The principal interest, therefore, centers upon these characteristic 
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genera, by which term we do not here mean either that they are extinct 
genera, or that they do not occur in higher strata (e. g., Miocene), or 
in lower (e. g., Cenomanian), or that they are wholly excluded from 
either of the three formations, but simply that they predominate in some 
one relatively to the other two. 

As already stated, the whole number of genera represented in the 
three formations is 354. Of these, 32 are confined exclusively (so far 
as these formations are concerned) to the Laramie group, 62 to the Se­
nonian, and 155 to the Eocene; 49 are common to all three formations, 
6 are found in the Laramie and Senonian, but not in the Eocene, 23 are 
found in the Laramie and Eocene and not in the Senonian, ancl 27 are 
absent from the Laramie and found in both. the other formations. The 
number· found at only one horizon is therefore 249, the number occur­
ring at two horizons 56, and the number at all three 49. The number 
ranging from the Senonian to the Eocene, and therefore, regardless of 
the Laramie, certainly belonging to both Mesozoic and Cenozoic time, 
is 76. 

The discussion of the genera may be conveniently separated into two 
parts, one of which shall be devoted to the consideration of the evi-. 
deuce in favor of synchronism, and the other to the subject of geograph­
ical dh;tribntion. The first of these subdivisions will have nothing to 
do with a11y of those genera which are, in the sense here employed, 
characteristic of any one of the three formations, but must be confined to 
those that are common to two or all three. Such genera, moreover, as -
are nearly equally represented. in each of the three formations can have 
no weight in establishing the affinity of the Laramie with the one rather 
than the other, and must also be excluded from our primary compari­
sons. A further exclusion must be made of those genera which are 
common to the Senonian and the Eocene but absent from the Laramie, 
since botli these formations are treated as known quantities, and com­
parison of their common clements could lead to no new results. "We are 
therefore really reduced to such genera as are either confined to the 
Laramie and Senonian or to the Laramie and Eocene, or are so nearly 
thus confined as to be fairly eharacteristic of the two. In deciding such 
cases we may also properly exclude very small genera, such for instance 
as are represented by only one or two species in each formation, unless 
these species be specially diagnostic or very abundant; but we must 
not at any time lose sight of the fact that it requires about two and a 
half species in the Eocene to have the same weight as one in either of 
the other formations. 

After carefully scanning the table, I have selected· such genera as I 
think fairly illustrate this point, and they may be set down in their 
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system_atic order in two opposing columns, with the number of species 
belonging to each : 

Laramie and Senonian. Laramie and Eocene. 

Genera. L. S. E. Genera. L. S. E. 

-----------1-----------------1----
Zamiostrobus... •• . . . . . . . . . . 1 1 

Abietites . . . . . . . . . . . . . . . . . . . 2 1 

Taxites .... .•.... ... .. . .... 2 1 

Sequoia.................... 6 9 

Taxodium .... ...... .... .... 3 3 

Phragmites. . . . . . . . . . . . . . . . . 3 1 

Populus •....... _ ............ 23 9 
J uglans . . . • • . . . . . . • • . .. . . . . 8 2 

Platanus................... 8 2 
Cornua..................... 4 2 
Acer . . • . • . . . . . . . . • . . . . . . • • . 3 2 

Rhamnus .... -~---· ......•.. 12 2 
Paliurus.... .... .... .... .•.. 2 1 
Fraxinus ..... ..•... .... .... 2 1 
Viburnum .............•.••. 15 4 

Halymenites .............. 3 

Caulinites ...... -.··· .. .... 2 
Sabal . . . . . . . . . . . . . . . . . . . • • 4 1 

4 Flabellaria...... ..••.. .... 2 

1 Alnus........... .... .... 2 
Rhus...................... 5 

7 Sapindus ......... ,. ...... 4 

2 Vitis (?) . . • • • . . .. • .. . . . • .. 5 
Zizyphus . . . . . . . . . .. .. .. .. 5 

2 Celastrinttes .. . . . . .. .. . . . . 2 
2 Grewiopsis...... ...... .... 2 

1 

1 

1 

1 

1 

4 

6 
9 

4 

6 
y 

5 

3 

8 

4 

6 
3 Dombeyopsis.... ...... .... 4 14 

1 Magnol!a ...... ...... .... 6 2 9 

1 

2 

We thus have fifteen genera belonging to the first class and thirteen 
to the second. Both lists would admit of reduction, but some good 
reason can be urged in each case for retaining it. 

We may examine these several characteristic genera somewhat in 
detail. Beginning with th(l first list we find a single species of Zami­
ostrobus in the Laramie and _in the Senonian. The latter occurs in the 
Gosau formation at St. Wolfgang, .Austria, the geological position of 
which is now believed to be definitely settled as upper Cretaceous. The 
Laramie plant is of a somewhat doubtful character, but is clearly cyca­
daceous. It was found at Golden, Colorado, lying on the surface in 
the vicinity of Laramie beds, and is believed to belong to that formation. 
The genus, like all fossil cycadaceous genera, is strongly Mesozoic, being 
found as low as the Oolite. 

Abietites, two species of which occur in the Laramie, one being found 
in both the lower and the Iipper district, is one of the most ancient of 
the typical coniferous forms, being found all the way from the Wealden 
to the Miocene, except in the Eocene, where it is thus far absent. The 
only Senonian species comes from the Harz district. . 

The form distinguish'ed as Taxites seems to belong to the northern 
portion of the western hemisphere, the two Laramie species being re­
ported from British America, and the Senonian species from the beds of 
Patoot, Greenland. ·A true Taxus occurs in the London clay, and this 
seems to be a geographical variety. 
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No coniferous form is more abundant in the Laramie than Sequoia, 
six species of which are distinguished. Of the nine species from upper 
Cretaceous strata ali but one are found in the western hemisphere. This 
furnishes an excellent illustration of the extent to which certain types 
persist with modification in the same or adjacent, territorial areas. There 
is no doubt that should upper Cretaceous beds be found within the 
United States these forms will occur as the direct ancestors of the Lara­
mie species. Their rarity in the Old World is seen also to be a fact of 
geographical and not of geological significance, for it is true of both the 
Cretaceous and the Eocene. 

The genu·s Taxodium, two of the species of whicli are so abundant in 
the Laram-ie, Senonian, and Miocene, is curiously scarce in the Eocene, 
and therefore claims a place in our first column. 

It is in the Gymnosperms, therefore, that those characters appear 
which give to the Laramie flora such a strong Cretaceous facies. We 
find this quite otherwise in the next group, the Monocotyledons. Only 
in one genus (Phragmites) of this subclass do we find the Eocene want­
ing. This genus occurs abundantly in the-Laramie, a~d the only Seno­
nian species reported is from the Pacific coast of America, so that it 

. seems ·that in pre-Miocene time the type was confined to the western 
hemisphere. 

It is, however, among the Dicotyledons, and chietly in the Amentacere, 
that the most notable examples occur to show the similarity of the Lar-· 
amie to the Senonian :flora., and also its unique char11cter as compared 
with any other formation. Its 23 species of Populus form one of the 
greatest of its anomalies, and stamp it with a special character. The 
nine species of the Senonian cause that formation to partake somewhat 
of this character, but when we see that all but two of these come from 
the Vancouver beds or from Greenland we see that this is a distinctly 
American type. 

The genus Juglans, with its eight Laramie, one Vancouver, and one 
Patoot species, is of special interest in the light of the numerous forms 
of Carya and Juglans which persist in the American flora. The fossil 
forms of Juglans may well have been the ancestors of our hickories as 
well as of our walnuts. 

Neither of the two last-named genera, however, can claim as great a 
share of our interest as uoes the genus Platanus. With its eight Lara­
mie and two Greenland species, and its entire absence from the Eocene, 
it seemed to constitute in pre-Miocene time one of the characteristic 
vegetable typ~s of America. 

Passing over the two polypetalous genera, Corn us and Acer, which in 
like manner belonged during this epoch almost entirely to the west, we 
come to Rhamnus, with twelve Laramie species; one of the Senonian 
species is also western (Patoot). Paliurus is an allied genus and is 
similar in its range to Rhamnus. 

Of gamopetalous genera, :b~raxinus, though small, belongs to the class 
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we are considering, while Viburnum is, next to Populus and Platanus, 
the largest and most characteristic of that class. With :fifteen species 
in the Laramie, four in the Senonian, and the two Eocene species from 
the lowest beds of that age, it seems to be a very ancient type, and one 
whieh goes far to separate the Laramie flora from that of tl1e Eocene. 

If there were no cases which could be cited to offset this array of evi­
dence, it might seem that no two floras could be more distinct than those 
of thl3 Eocene and the Laramie, but as we pass rapidly down the op­
posite column we shall see that there certainly are some bonds of union. 

It was long mltiutained that the peculiar fucoids called Halymenites 
were characteristic of the Eocene, being so abundant in the Flysch of 
Switzerland, and their presence in the Laramie strata was put forward 
as a proof of the Eocene age of that group, but they are now known to 
occur in the Cretaceous, though absent from the Senonian beds, and as 
low as the Juras&ic. They also extend upward to the Miocene. 

The two species of Caulinites from the Laramie differ widely from 
those of the Paris Basin, but probably belong to that type of pbtnt and 
in so far assimilate the Laramie to the Eocene flora. It is, however, 
the palms that have been chiefly relied upon to establish the Eocene 
character of the Laramie. The evidence here must be admitted to be 
strong, and their absence from the Senonian beds serves to add to its 
force. The Eocene was the age of palms. The numerous fruits refer­
able to that family found in the London clay and also at Monte Bolca, 
constitute one of the leading features of the flora of that epoch, and 
these are in a manner paralleled in some parts of the Laramie, potably 
in the tufa beds at Golden, by the many nut-like bodies which Mr. 
Lesquereux has designated by the term Palmocarpon. But aside from 
these, and probably from the same trees that bore them, we have four 
species of Sabal and two of Flabellaria represented by leaves in the Lar­
amie flora, though nearly all these palms are found in the lower dit;tricts. 
It is only this lower Laramie that has been claimed as Eocene, and if 
we restrict the term to this flora its affinity to that of the European 
Eocene is gTe~tly strengthened. 

The g«;~nus Alnus is well represented in the Eocene, especially in the 
Paleocene, and one abun(lant species is found in the Laramie group. 
The Senonian species is from Greenland and may have been the progen­
itor of the wide-spread arctic form A. Kejersteinii, Gopp., so celebrated 
in the Miocene beds of the North. 

The Marquis Saporta finds eight species of Rhus in the gypsum beds 
.. of Aix in Provence, and the genus also occurs in all the Laramie hori­
zons. The type therefore is common to the two formations and serves 
to assimilate the two floras. The one Senonian species is from the 
Quedlinburg beds. 

Sapindus predominates in the Fort Union group and in various 
Eocene localities, and in so far tends to identify the upper Laramie with 
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the Eocene; bu:t 8uch evidence is very feeble. Vitis is a strong Laramie 
genus, but it occurs sparingly in the Eocene. It therefore scarcely 
belongs in this 'list,. Zizyphus differs from the other two prominent 
rhamnaceous genera, Rhamnus and Paliuru8, in extending into the Eo­
cene. It is a fair representative of the class we are now. considt•riug 
that indicate a resemblance between the Laramie and the Eocene floras. 

The Celastracem are highly characteristic of the Eocene, and one 
form which has been distinguished as Celastrinites is found in the 
Laramie. The Eocene species _of this genu8 are all from Sezaune, and 
furnish another evidence of the truth of Mr. Lesquereux's statement in 
his "Cretaceous and Tertiary Flora" that the flora of the Laramie re­
sembles that of Sezarme more closely than it does that of the Eocene 
proper. A still more striking illustration of the same fact is found in 
Grewiopsis, which is the Paleocene form of the Miocene genus Gre\\ia, 
also occurring in the Laramie. 

Dombeyopsis is one of the best marked Eocene genera, but it is al­
most e:;.:clu8h·ely confined to Monte Bolca. Its occurrence in the Lara­
mie group is a singular fact and one that has often been brought for­
ward in support of the Eocene age of that group. 

The Magno·Hacere are a very ancient type of plants, species of Lirio­
dendron being abundant in the Cenomanian. The genus Magnolia, 
which occurs in the upper Cretaceous beds of the Peace and Pine 
Rivers in British America, is abundant in both the Laramie and the 
-Eocene. It is simply a persi8tent type. 

We have thus rapidly run over the evidence furnished by"these two 
classes of genera for and against the vie": that the Laramie flora bears 
such a resemblance to the Eocene flora as to suggest the substantial 
&ynchronism of the two series of deposits. It is perhaps best to leave 
the reader to form his own judgment as to the result, but in the light of 
former discussion of this question the caution against mistaking hori­
zontal for vertical distribution, may not. be out of place. In the great 
majority of cases, as has been pointed out under each genus, the types 
persis1

t through different ages in the same or adjacent parts of the 
the world, and the absence of Laramie types in the Eocene, and vice 
ver.~a, is due ·to the wide geographical separation of the beds of the 
two formations. Closer study of the table will show that most of 
the European genera can be traced from the Cenomanian up to the 
Miocene of that continent, while most of the American genera can be 
traced from the D;~,kota group up to the Miocene of Alaska and'Green­
land. That some genera should be ·common to both hemispheres was 
to be expected, but that these distinctly argue either the Eocene or the 
Cretaceous age of the Laramie lJeds cannot be reasonably maintained. ' 

This is the proper place, before descending to specific details, to con­
sider this interesting subject of geographical distribution in its relation 
to the present plant life of the globe. The present distribution of vege-
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table forms upon the earth's surface, as all know, is very varied, and 
several learned and largely successful attempts have been made to 
trace the lines of migration of plants during their long and oftPn tor· 
tuous pilgrimages !'Iince Miocene times, driven as they have been by 
successive alterations of climate, of sea and land surface, and of mount­
ain and plain. But we have seen that the flora of the globe, even as 
early as the Cretaceous, was far from uniform at all points, and that 
that of the eastern and western hemispheres in· late Cretaceous and 
early Tertiary time was widely di.ll'erent. We now find that the de­
gree of change since those epochs has been different at different poin.ts 
and far greater in Europe than in America. The data contained in the 
foot-notes to our table enable us to demonstrate this, and also to show what 
parts of the globe contain ~t the present time the leading elements of 
each of the fossil :floras under consideration. If we exclude those gen­
era whi~b are abundant in all three formations, and take only those that 
are either wholly or principally confined to one of them, we shall per­
ceive that the greater part of the properly Laramie genera are repre­
sented to their fullest extent in the present flora oi North America or 
eastern Asia, though many belong to the· warmer parts of America, 
and to India. On the other hand we are struck by the very large num­
ber of Australian and African forms in the Eocene flora.. The Pro­
teacere and Myrtacere abound in the Eocene as do the Leguminosre, 
the latter chiefly of South African types. We also find that the Seno­
nian :flora must be separated into two classes, tho&e from British Amer­
ica and Greenland falling into the same general geographical group as 
those of the Laramie, while those of the European beds resemble the 
Eocene :flora in this respect. I bad intended to elaborate these choro· 
logical features more at length and to give a detailed analysis of the 
three :floras from tl1is point of view, but space will not admit of' this in 
the present paper, and as all the data for such an analysis exist in the 
preceding table of distribution the work of compilation may be left to 
such as are particularly interested in this feature of the discussion. The 
results upon their face fully bear out the statement already made that 
the flora of the Laramie group furnishes evidence.ot having descended 
more or less directly from that of the Cretaceous of this continent, and 
in many cases the lines of descent can be traced through the upper, or 
Senonian beds to those of the Dakota gr.oup, or American Cenomanian. 

We are now prepared to compare the three floras under considera­
tion from the usual point of view of their specific relationships, and if 
the treatment of this part of the subject is brief it is for the very rea­
son that it bas already been largely accomplished by others. Still, as 
already remarked, Mr. Lesquereux only embraces the flora of the lower 
districts, exclusive of Carbon and Evanston twd a few Upper Yellow­
stone localities, in his Laramie group, while onr table combines all 
these beds with the entire Fort Union deposit of the Upper Missouri 
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and_ l1ower Yellowstone. As these latter were, and by many. are still, 
regarded as Miocene, and certainly contain a flora differing in mans re­
spects from the rest, the genenil complexion of the whole will be con· 
siderably modified by including them. 

By inspecting the table we observe that only a single species, Sequoia 
Langsd.orjii, is common to all three of the formations. This species is 
generally northern in the western hemisphere, but it is found in the 
Laramie at Black Buttes, i11 the Fort Union group, and in the ·northern 
extension of this latter in British America. It also occurs in the Cre­
taceous deposits of Nanaimo, Vancouver Island, and in the Senonian 
beds of Patoot, Greenland. Professor Gardner finds it in the Eocene 
deposits of the Isle of Mull, and Massalongo enumerates it in his Mio­
cene flora of Senegal. 

Only one other Laramie species, Ginkgo polymorpha, is found in any of 
the Senonian beds, and this occurs also at Nanaimo. Its Laramie lo· 
cality is the place near Fort Ellis in Montana designated as " six miles 
above Spring Canon," which we have seen reason to regard as a west­
ern member of the great Fort Union deposit. 

The number of Laramie species that also occur in the Eocene as de­
fined in the table is quite large, amounting in all to thirteen or fourteen. 
Seven of these are confined to these two formations, which might afford 
strong prima facie evidence of the close affinities of the Laramie and 
Eocene floras. This evidence, however, is greatly weakened when we 
perceive that of these seven four' occnr in the supposed Eocene beds 
of Mississippi and not in any of the Old World deposits. This is cer· 
tainly strong proof of the close relationship (If these Mississippi beds 
to those of the Laramie, as well as of their similarity of age, but it 
is more interesting as showing that in those early times one great ho­
mogeneous flora stretched all the way across the North American con­
tinent, and ·that similar forests fringed the waters of the Gulf of Mex­
ico during their southward retreat, and those of the Laramie Sea as it 
shrunk to the proportions of inland lakes. The difference of time be­
tween the two deposits, though it might have been great, was not suf­
ficient to alter the specific identity of these four forms and doubtless 
of very many others, while in other cases the Laramie species may 
represent the ancestors of the Eocene species found or to be found in 
the more eastern deposits. These species are, Sabal Grayanus, Popttlus 
monodon, JJfagnolia Hilgardiana, and M. Lesleyana, all of Lesquereux. 
All except JJfagnoUa Hilgardiana occur only in the typical Laramie 
deposits of the more southern districts, but this species has now been 
reported also from the Yellowstone,Valley, which, of course, relegates 
it to the Fort Union group. 

The other three Laramie species which are otherwise confined to the 
Eocene are Halymenites mirwr·; found in the Flysch of Switzerland, Ficus 
Dalmatica., found in the supposed upper Eocene beds of Monte Prom ina 
in Dalmatia, which some authors place higher, and Sterculia modesta of 
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Saporta.(not of fleer) found at Sezanne. Tliese three Eocene localities 
represent the highest and lowest Eocene, and fairly exhibit the degree 
of homotaxy subsisting between these formations. 

The remaining six species that occur in the Laramie and the Eocene, 
possess less force in this direction from the fact that they are all found 
in other and higher formations also. Most of them are plants that 
are abundantly represented in nearly all the more recent deposits, such 
as Taxodiu1n Ettroproum, found all the way from the Middle Bagshot of 
Bonrnemouth to the Pliocene of Meximieux, Ficus tUirofolia, Laurus 
prfmigenia, and CinntMnotnum lanceolatum, abundant in nearly all the 
Oligocene and Miocene beds of Europe. Quercus chlorophylla occurs 
in the Mississippi Tertiary as well as at Skopau in Sachs·Thtiringen, 
and is also abundant in the Miocene, and Ficus tilirofolia is found in the 
Green River formation at. Florissant, Colorado. The only other species 
belonging to this class is Goniopteris polypodioides, which occurs at 
Monte Promina and in the Miocene of Rivaz. Alnus Kefersteinii, ·once 
reported from Aix in Provence, is considered doubtful, and should prob­
ably be excluded from the list of Eocene plants, but it is found in the 
American Eocene of both Florissant and Green River. In the Laramie 
it is only known from the Evanston coal beds, and is most abundant 
in the arctic Miocene of Alaska, Spitzbergen, etc., but it is also common 
in the Miocenes of Northern and Central Europe. 
. This is all that can be said in favor of the Eocene character of the 
Laramie flora, and were it not capable of being further weakened, the 
case might be regarded as somewhat stronger than that of the gen­
era; but there still remain many fmportant considerations which affect 
the legitimacy of some of these facts. For example, we have seen that 
fourteen species altogether occur in the Laramie and the Eocene; but 
the number occurring in the Laramie and formations higher than Eocene 
is sixty-two. Thirty-five of these are confined to the Laramie and 1\'Iio­
cene. 1'wo ( Diplazium Miilleri and Flab'ellaria Zinkeni) are confined to the 
Laramie and Oligocene, while twelve occur in Laramie, Oligocene, and 
Miocene strata. These species are by no means confined to those that 
have only been found in the northern districts, but, as any one can see 
by examining the table, they come largely from the typical beds, and 
include such species as Sabnl Campbellii, Salix integra, Betula gracilis, 
Ficus asarifolia, Rhamntts alaternoides, etc. 

It would certainly be very unsafe from this to argue that the lower 
Laramie is Miocene. With such a vast flora as the Miocene, numbering 
as it does (including the Oligocene beds) nearly 4,000 species, it is rea­
sonable to expect that as many Laramie forms as are found common !o 
the two formations (al)out 12- per cent.) should persist nearly unchanged 
from one epoch to the other. As a matter of fact, a much larger per­
centage of forms thns persists where the two deposits occupy nearly the 
same geographic area. Some four or five of the Laramie species are 
still found in the living flora, most of them in North America, un-
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changed, so far as ~an be judged· by the organs (chiefly appendicular) 
that have been found in the fossil state. The two species of hazel, and 
also the sensitive fern from the Fort Union deposits regarded by Dr. 
Newberry as identical with t~e living forms, must be specifically sore­
ferred until fruits or other parts are found to show the contrary. The 
bald-cypress of the Laramie swamps seems not to have been specifi­
c~lly distinct from that of the swamps of the Southern States, and, as I 
shall soon show, forms of the Ginkgo tree occur not only in the Fort 
Union beds, but in the lower Laramie beds at Point of Rocks, Wyoming 
Territory, which differ inappreciably except in size of leaf from the living 
species. 

To the strong evidence against the Eocene age of the Laramie group 
afforded by the persistence of so many of its types into periods much 
more recent than Eocene may perhaps be added evidence equally ad­
verse but of the opposite nature. A few Laramie forms occur in Cre­
taceous strata. Sequoia Langsdorjii is found; as we have already seen, 
in the Cretaceous of both British Columbia and Greenland, and Ginkgo 
polymorpha in the former of tb:ese localities. Cinnamomu1n Scheuchzeri 
occurs in the Dakota group of Western Kansas as well as at Fort Ellis. 
Sir William Dawson detects in strata regarded as Laramie by Prof. G. 
M. Dawson, of the Geological Survey of Canada, a form which he con­
siders to be allied to Quercus antiqua, Newby., from Rio Dolores, Utah, 
in strata positiYely declared to be the equivalent of the Dakota group. 

Besides these cases there are several in which the same. species oc­
curs in the Eocene and the Cretaceous, though wanting in the Lara­
mie. Oinnamomum Sezannense, of the Paleocene of Sezanne and Gelin­
den, was found by Heer, not only in the upper Cretaceous of Patoot, but 
in the Cenomanian of Atane, in Greenland. Myrtophyllum cryptoneuron 
is common to the Paleocene of Gelinden and the Senonian of West­
phalia, and the same is true of Dewalquea Gelindensis. Sterculia vari­
abilis is another case of a Sezanne species occurring in the upper Creta­
ceous of Greenland, and Heer rediscovers in this same Senonian bed the 
Eocene plant, Sapotacites reticulatus, .which he originally described from 
Skopau in the Sachs-Thiiringe.n lignite beds. · 

Before commencing this discussion from the point of view of specific 
relationship it was rm:narked that it would differ from that just closed, 
where the subject was treated from the point of view of generic rela­
tionship, in dealing with geological, or time relations, rather than with 
geographical, or space relations. But we have already seen. that the 
latter considerations could not be kept wholly out of view, and we shall 
now see that they really form a very important part of this mode of treat­
ment, if it is to be made at all complete. Of the seven species confined 
to the Laramie and Eocene it was seen that four were also confined to 
this continent. This anomaly arose from having placed ihe Mississippi 
Tertiary in the last column of Eocene localities. But the Green River 
group, which is by most geologists regarded as the Eocene of Western 
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America, was purposely left out of the body of the table, for reasons 
which have been stated. A column, however, was employed to record 
the occurrence in that group of species belonging to any of the three 
formations. An inspection of this colun;m shows that 21 species are 
common to the Laramie and the Green River groups. Admitting this 
to be Eocene, as well as the Mississippi Tertiaries, we have 26 species 
common to the Laramie and American Eocene against 10 that are 
common to the Laramie and European Eoc• ne; this notwithstanding 
that the American Eocene embraces less than a third as many species 
as the European. 

We may carry this analysis further. There are 39 species common 
and confined to the Laramie and the Miocene (inclusive of t.Iw Oligo-

-cene). Of this number 21 are found in the American Miocene. Three 
others occur in the arctic flora of Spitzbergen, Siberia, and other locali­
ties not in the western hemisphere, but the complete unity of the arctic 
Miocene, and its almost total dissimilarity from the Miocene of Europe, 
fairly warrant their addition to the American flora. Fifteen of these 
are not found at all in the Miocene flora of Europe. This is surprising 
when we consider how very small this combined North American and 
arctic Miocene flora is compared with that of Europe. 

If we now divide the Laramie species that are also found in other 
formations and- localities into two classes, one of wl1ich shall embrace 
all those occurring in American beds other than Laramie and the other 
those occurring in no other American strata than those of the Lara­
mie, we shall have 55 such species out of a total of 80, 30 of which are 
eonfined exclusively to the western hemisphere. The significance of 
these figures, let me repeat, is greatly increased when we consider in 
the same connection the magnitude of the European Tertiary flora, as 
compared with that of America. 

We are thus brought once more face to face with the fact that while the 
floras of Europe and America differed widely in character during late 
Cretaceous and Tertiary tune, the beds of different age in each, respect­
ively, contained. floras resembling each other to such an extent as to 
warrant the · conclusion that the later ones had descended from the 
earlier without more than the natural amount of modification. When, 
therefore, we couple these facts with those presented above as to the 
relationships of the fossi} to the living flora of the globe (where it ap­
peared that the American fossil flora resembles that of eastern North 
America and southeastern Asia, while the European fossil flora re­
sembles that now found in Australia and the eastern half of the south­
ern hemisphere generally), we must conclude that some great disturb­
ing agencies have been at work since Miocene times which have caused 
extensive migrations and profound alterations in the plant life of the 
globe. It is no part of my purpose at present to discuss this problem, 
and I need scarcely say that it is to the influence of a series of great 
fluctuations of temperature, causing glacial epochs,- that these chang.es 
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are principally attributed, and that a thorough study of the living :flora 
in comparison with the Tertiary flora not only bears out tbis conclu­
sion to a remarkable degree, b~t renders it possible to trace many of "' 
the lines of migratiou and to fix with some precision both the space 
and the time relations of glacial phenomena. 

We may now briefly revert once more, and for the last time, to the 
qtwstion of the age of the Laramie group, in so far as this is indicated 
by the similarity of its flora to that of other formations. Tbns far I 
have confined myself to the .published flora of that group in order to 
ascertain how the case stood at the close of the prolonged discus­
sion which has been outlined relative to its age, in which discussion 
Mr. Lesquereux has had the last word in his recent great work ou the 

·Cretaceous and Tertiary Floras of the West. But I should admit that 
I was led to consider this side of the subject by the occurrence in my 
own collections from both the northern and the southern districts-in 
the Lower Yellowstone Valley and along the Upper: Missouri, at Golden 
and other points in Colorado, at Carbon, Black Buttes, and Point of 
Rocks, Wyoming, and at other localities-of new forms, some of them 
unique and remarkable, but some bearing a striking resemblance to, or 
ideut.ical with, forms already figured from other localities whose strati­
graphical position is definitively settle~. While some of this latter class 
have a Miocene aspect, as does the Fort Union flora in general, there 
are others embodying the characters that are usually associated with 
the Cretaceous flora. As already remarked, it is too early for me to 
discuss these forms fully or in detail, although some of the more re­
markable or representative ones are figured in the illustrations at the 
close of the paper. At present I can merely call attention to some of 
these forms of Cretaceous aspect, as showing that the more familiar 
we become with this :fiora the more closely we find it linked with the 
CreJ:::tceous floras below it, and particularly with those of America. 

There seems. some reason to believe that we now have in Fort Union 
strata a somewhat modified representative of the hitherto exclusively 
Cretaceous genus Oredneria, so long known from the upper Cretaceous 
beds of Blankenburg, in the Harz Mountains, since found in other Enro­
p~an strata of the same or earlier age, and now added hy Heer to .the 
middle Cretaceous flora of Greenland. Orcdneria is the original form 
upon which have since been erected the additional genera of the group 
Ettingshauscnia,,Protophyllurn, and Aspidiophyllum. These are all char­
acteristic Cretaeeous genera, Credneria an<l Protophyllnm being found 
both in the Senonian and the Cenomanian, and Aspidiophyllum being 
confined to the Dakota group. Our form (Plates LVII and LVIII) 
differs somewhat from all that have thus far been Mscribed, and may 

·be sufficiently divergent to warrant the establishment of a new genus, 
or it may be necessary to refer it to some other genus, but its resem· 
blance to ·Oredneri1~ is sufficient at least to mali:e it a strongly Creta­

. ceous type, and should its relationship to that gequs be .finally settled 
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it must certainly possess weight in the general problem of geologic age. 
It is also noteworthy that this form comes from the Fort Union beds 

"' on the Lower Yellowstone, and from Ol)e of the highest strata of this 
formation that are represented in that section. 

There occur in the collections a large number of querciform leaves, 
probably for the most part referable to the Cretaceous genus Dryophyllum, 
established by Debey as the receptacle for the numerous archaic oaks 
which he. found in the iron sands of Aix-la-Chapelle. Until quite lately 
this genus was very little known, and chiefly from specimens furnished 
by him to different museums in Europe, but within the past two years 
he has published a small pamphlet with one plate, illustrating several of 
the forms. 1 The material seemed rather obscure and fragmentary, and 
the figures are very rude, but they enabl~ us to gain a better idea of 
the limits of the gE>nus than was otherwise possible. We have from 
the Laramie group forms closely allied to several of Debey's species of 
Dryopbyllum, such as D. Eodrys, D. gracile, D. tretaceum, D. ilquisgra­
nense, etc~, although it is hardly probable that any .. of these species 
actually flourished in America. 

There can scarcely be a doubt that we have in Figs. 8 and 9, Plate XL, 
the Cretaceous species Platanus Heerii of the Dakota group and arctic 
Cenomanian strata. Compare, for example, fig. 1 of plate vii, in the 
sixth volume of Heer's "Flora fossilis arctica," Part II, Oretaceom; flora 
of Greenland. 

Several forms of Hedem have a Cretaceous aspect, and it is quite 
probable that H.primm·dialis, Heer, from the Greenland beds at Atane, 
may be represented by our Fig. 4, Plate XL VIII. 

In Fig. 1, Plate LX, we have a form which, for so much of the leaf 
as is present, resembles the figures of similar portions of Heer's Populus 
Stygia (Fl. foss. arct., Vol. III, Kreidetl. v. Gronland, plate xxix, fig. 
10; Vol. VI, Abth. II, Kreidefl. v. Gronland, plate xvii, figs. 5, 7; 
plate xxxix, fig. 5). But for the great resemblance to these figures, I 
should have certainly regarded it as a Liriodendron, and notwithstand­
ing this resemblance I am inclined to refer it to that genus. But Lirio­
deiJdron is rather a Cretaceous genus, although the broad-leaved forms 
like this occur also in later strata and form the type to which the living 
species belongs. 

I have not mentioned the singular cryptogamous form that was col­
lected both at Iron Bluff and at Burns's Ranch, although I am now con­
vinced that it is a Cretaceous form, because up to the time when it was 
necessary to submit this paper it had not been sufficiently studied and 
the drawings were incomplete; but upon careful comparison I am sat­
isfied that it is the same plant that is figured by Dawson in his paper 
in the Transactions of the Royal Society of Canada (plate i, fig. 3) as 

1 Sur les feuilles queroiformes des sables d'Aix-la-Chapelle, par le Dr. M. Debey, 
d'Aix-la-Chapelle. Extrait du Compte rendu du Congres de botanique et d'horticul­
ture de 1880. Deuxieme partie. Bruxelles, 18tH. 
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Carpolithes horrid.us. To the parts represented there our specimens add 
the complete ra~'S showing what is probably the spore-bearing portion 
at their extremities. 

Other Cretaceous forms might be mentioned, but the above-named 
types are sufficient to show that the flora of the Laramie group certainly 
possesses a strong Cretaceous facies, and in very many respects agrees 
with that of the Senonian or highest member of that formation where­
ever this is known to contain vegetable remains. I do not wish to be 
understood as arguing that the Laramie is a Cretaceous deposit, but 
rather against the view maintained by Mr. Lesquereux that it is neces­
saril~ Eocene. I am still free to admit that, so far at least as the Fort 
Union group is concerned, the flora is closely in accord with that of the 
European Miocene, in which nearly all its gener~ and many of its spe­
cieA are represented; and but for the occurrence of these anomalous, 
archaic forms, which become more and more frequent as the material 
for study increases, it would be impossible to deny that the flora at 
h·ast was Miocene. In this, however, one fallacy should be avoided, 
which is, I think, the one that so strongly biased Professor Heer in 
favor of referring new and imperfectly known :floras to the Miocene. 
The immense number of fossil plants that are known from that forma­
tion-over 3,000 species- greatly increases the chances of finding the 
analogue .of any new form among its representatives. · While, for ex­
ample, there are probably many more Laramie forms that have nearer 
allies in the Miocene flora than in that of any other age, still, relatively 
to the number of Miocene species, the Eocene or Senonian types would 
outweigh them. But the same canon must be applied in comparing the 
Laramie with these latter. If the relationships were about equal we 
should require a larger absolute number of Eocene forms, because the 
Eocene flora is larger 

Taking all these facts into consideration, therefore, I do not hesitate 
· to say that the Laramie flora as closely resembles the Senonian flora as 
it does either the Eocene or the Miocene flora. But again, I would in­
sist that this does not necessarily prove either the Cretaceous age of the 
Laramie group or its simultaneous deposit with any of the upper Cre­
taceous beds. The laws of variation and geographical distribution for­
bid us to make an~· such sweeping deductions. With regard to the 
:first point it is wholly immaterial whether we caU the Laramie Ore­
taceous or Tertiary, so long as we 'correctly understand its relations to 
the beds below and above it. We know that the strata immediately 
beneath are recognized upper Cretaceous and we equally know that 
the strata above are recognized' lower Tertiary. Whether this great 
intermediate deposit be known as Cretaceous or Tertiary is therefore 
merely a question of a name, and its decision one way or another can­
not advance our knowledge in the least. 

With regard to the synchronism, as already remarked, it would cer­
tainly be interesting and important if we could know with certainty 
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what other deposits on the earth's surface were being made at the same 
time with those of the Laramie. Bnt we have seen that this cannot be 
known for any very widely separated areas. Within the Laramie group, 
however, conclusions of this nature are comparatively reliable, and 
when more is known of this .flora and of the characteristic types· of 
different horizons within it, and different areas occupied by it, there 
can be no doubt that its value in the determination of the precise hori­
zon of new beds both within and without that group must be very 
great. The tollowirig words of Mr. Meek, after a careful surve,y of the 
question from the point of view of the invertebrate paleontologist, are 
equally true for fossil plants: "But it may be asked," he says, "are we 
to regard all such fossils as of no use whatever in the u13termination of 
the ages of strata~ Certainly not, because, even in case future dis­
coveries in this country and the Old World should never modify the 
present conclusions in regard to the geological range of * * * these 
types * * * so as to enable us to use them with more certainty 
as a means of drawing parallels on opposite sides of the Atlantic, they 
will undoubtedly be useful, when viewed in their specific relations, for 
the identification of strata within more limited areas. That is, when all 
or most of the details of the stratigraphy of the whole Rocky Mountain 
region and the vertical range of species have become well known, these 
fossils will perhaps be found nearly as safe guides in identi(y_ing strata 
at one locality with those of others there, as many other kinds.'' 1 

But there is a higher ground on which investigations of this nature 
may be justified. However negative the results may prove, in seeking 
to make wide generalizations, either for geology or for biology, every new 
form discovered widens our knowledge of what has been taking place on 
the surface of the earth since its crust was formed, and the additional 
knowledge we thus gain of the history of the globe is worth for its own 
sake all that its laborious pursuit costs, and this quite aside from the 
added value it possesses in furnishing an ever widening basis for the · 
true laws of both geologic and biologic development,, 

RECENT COLLECTIONS OF FOSSIL PLANTS FROM THE LARAMIE 
GROUP. 

I have now completed the review of the .flora of the Laramie group 
which, as stated at the outset, would constitute the first part of this 
memoir, and will now present the concluding portion, also outlined at 
the beginning, which will be of a somewhat p~rsonal character, and will 
consist of an attempt to record so much of the little that I have been 
able to contribute to the stock of k11owledge relative to the Laramie 
flora as has thus far assumed a sufficiently definite form. It is, however, 

1 Report of the United States Geological Survey of the Territories. F. V. Hayden, 
Geologist-in-charge. Vol. IX. A Report on the Invertebrate Cretaceous and Ter­
tiary l<'ossils of the Upper Missouri country. By F. B. Meek, p. lxi. 
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proper to state that the record I have made will not be complete u11til 
I shall have bestowed a large amount of attention andstudy upon the 
material in band. The specimens figured can scarcely be said to bm-e 
been selected as representative of my collections, although they are so 
to some extent, bnt they rather Iudicate what forms had been suffi­
ciently studied at the time I began to prepare this paper to warrant 
publishin~ the figures. The names- which I have affixed to them are 
therefore provisioual cirily, and subject to alteration in the course of 
the preparation of my final report, which has been merely arrested long 
enough to enable me to prepare and present in the present synopsis some 
general considerations which would necessarily be crowded out of the 
detailed work. 

l\fy collections were all made in two seasons, tLat of 188l.and that of 
1883. On the first of these occasions I visited a number of the locali­
ties belonging to the lower series situated. in Colorado and Wyoming. 
On the second occasion I visited the valleys of the Lower Yellowstone 
and Upper Missouri Rivers, and 'found fossil plants in what are un­
doubtedly typical Fort Union strata. The itinerary and a general de­
scription of the field work of these two seasons have been given in my 
administrative reports for those years.1 

COLLECTIONS FROM LOWER LARAMIE STRATA. 

The collections .made at Golden,.Colorado, have not proved particu­
larly rich, and probably very little win be found in them that has not 
already been reported from that locality. Large palm leaves (Sabal 
Oampbellii) and numerous fragments of leaves of Platanus, Ficus, etc., 
were found in a coarse friable sandstone, either ferruginous and light 
red, or siliceous and gray or white, in the valley between the Front 
Range and the basaltic Table Mountain on the east. These strata 
stand nearly vertical aml are in immediate juxtaposit.ion to tile pro­
ductive coal beds on the west. The coal mines themselves are worked 
in vertical beds which have Cretaceous strata on the west and these 
coarse sandstones· un the east, sho'Ying that the direction from east 
to west represents the descent through the several layers and that ' 
the coal veins are at the very base of the Laramie at this place. The 
strata are conformable, and both the Cretaceous and the Laramie are 
tilted so as to be approximately vertical. At the base of South Table 
Mountain the strata are horizontal, and the line dividing the vertical 
from the horizontal strata could be detected at certain points. A meas­
urement from this line to the base of the coal seam was made at one 
place and showed 1, 700 feet of the upturned edges of Laramie strata. 
It is probable that we here have the very base of the formation. ,. 

'Jhe geology of Golden is very complicated, but my observations led 

1 Third Annual Report of the United States Geological Survey, 1881-'82; pp. 26-29. 
Fifth do., l883-'o4, pp. 55-59. 
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me to ~onclnde that during the upheaval of the Front Range a break 
must. have occurred along a line near the western base of Table Mount­
ain, forming a crevice through which issued the matter that forms the 
basaltic cap of these hills. The eastern edgA of a broad strip of land 
lying to the west of this break dropped down until the entire strip of 
land assumed a ve.rtical position or was tilted somewhat beyond the 
perpendicular. This brought the Laramie on the east side of the Creta­
ceous with its upper strata at the extreme eastern, while the coal seam 
at its base occupied the extreme western side of the displaced rock . 

. The degree of inversion varies slightly at different points and may 
have been mucli greater in some places. This will probably account 
for the discovery at one time of a certain Cretaceous shell (Mactra) above 
a vein of coal in a shaft about 4 miles north of Golden, and about which 
considerable has been said in discussing the age of the Laramie group. 
I visited the sp()t, but found the strata so covered by wash that I was 
unable to determine their nature. , 

The.collections made at the base of South Table Mountain in a dark 
and very soft, fine-grained, siliceous-ferruginous sandstone, commonly 
called tufa, were both more abundant and better preserved than those 
from the valley, and in them have been found several rare and interest­
ing forms. Ficus irregularis was one of the most common, and Berche­
mia multinetvis was found. Palms abounded, but only as fragments of 

. narrow portions of leaves. On the surface of the ground, quite well 
down toward the bottom of the valley, were found numerous fragments 
of palm wood in the silicified state, as chert, very hard and admitting 
a high polish. The leaf scars are clearly exhibited, and the vascular bun­
dles and ducts are bAautifully shown in cross and lougitudinal sections. 

At the locality known as Girardot's coal mine, some 5 miles east of 
Greeley, Colorado, on the open plains, Laramie strata were found con­
taining characteristic mollusks in great abundance, but no plants ex­
cept the wide-spread Ha1yrnenites major, which occurred in profusion 
immediately over the shell beds. Large branching forms were found, 
as well as forms variously curved and crooked. They seem to be to 
some extent concretionary, and are composed of iron oxide and sand 
with a little calcite. 

At the mouth of the Saint Vrain, near Platteville, where a day was 
spent, t.bese forms occurred again in equal abundance and variety. Two 
species were found here, and perhaps three. Specimens of petrified wood 
from a large stump, probably coniferous, were collected, but no traces 
of any other form of plant life were detected. At this point we seem 
again to have the very base of the Laramie overlying a bluish Creta­
ceous clay. 

The collections from Carbon Station, Wyo., are much more satisfactory 
than those from the Colorado beds. The station and adjacent track of 
the Union Pacific Railroad at this point are located in a monoclinal val­
ley running north and south, or at right angles to the railroad. A fault 
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occurs near the station by which the strata on the southwest are lower 
than those on the northeast. The coal seams on the east and north are 
close to the surface and sometimes crop out. They pass downward from 
south to north with a dip of about 15 degrees, reaching across the mono­
clinal valley through which t?-e railroad runs. On the west and south they 
grow deeper and have mostly ceased to be worked. The fossil plants, 
which are very abunuant, are always above the coal, and the strata in 
which they are richest lie five t? ten feet from the highest coal seams. 
Immediately above the coal is a layer of arenaceous limestone, which is 
generally shaly, but sometimes solid and very liard(" fire clay"). Even 
in this a few plants occur, but it was nearly impossible to obtain them. 
The plant beds proper are fine-grained more or less ferruginous and 
calcareous sandstone shales, qu1te easily worked, and from them some 
beautiful specimens ofOissus, Paliurus, and other genera were obtained. 
These beds are doubtless somewhat higher thau those of Black Buttes 
and Point of Rocks, but they are probably within the limits of the Lara­
mie formation and seem to be the equivalent of the Evanston coal. 

The locality denominated Black Buttes always refers to the station 
of this name on the Union Pacific Railroad, 140 miles west of Carbon 
Station and in full view of the black rock from which it takes its name. 
This had been reduced to a mere section house at the time of my visit, 
and all traffic was by freight trains. It is in the valley of the Bitter 
Creek, and typical Bitter Creek strata are alone seen. The railroad here 
runs nearly north and south. The strata dip to the southeast. Oppo­
site the station on the east there are about 100 feet of fucoidal sandstone 
at the base, above which are two prominent coal seams separated by shales. 
The coal varies in thickness in both seams and is from three to eight 
f~et thick, the lower seam being perhaps the better in quality. Not more 
than two f~et above the lower coal seam the rocks commence to be plant­
bearing. They are reddish on the exposed outer surface, but bluish-gray 
within, .somewhat laminated, and consist of a hard, compact, and Yery 
arenaceous limestone. They yield beautifully preserved specimens of 
leaves, which form the only planes of cleavage. 

Above the upper coal the shales are very thin, and their surfaces, 
where not exposed to the weather, are generally covered with a profu­
sion of very small prints of leaves, stems, culms, fronds, etc., but so 
fragmentary that little can be done with them. Half a mile north of 
the station the lower coal seam descends to near the level of the railroad, 
but the succession of the strata can still be made out. The finest speci­
mens found came from beds a mile or more to the northeast of the sta­
tion, above a coal miue. The fucoids in the sandstone below the coal 
at Black Buttes are peculiar and instructive. They seem to consist 
chiefly of Halymenites major, which is often weathered out so as to ex­
hibit good specimens, but more frequently these are incased in concr~­
tions which attain huge proportions, sometimes having a diameter of 
six iuc,hes. · From the ends of these pod-like bodies short sections of 

- . 
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the typical fucoid, with its verrucose surface, often project. These in­
flated concretions vary in shape from cylindrical to globular, and when 
the projecting fucoid is absent we have the simple spherical concretion 
which is familiar to all. By careful selection I succeeded in securing a 
good series of these forms, which seem very clearly to point to the fu-
coidal origin of this class of concretions. . 

Point of Rocks has become a familiar name to pah·ontologists since 
the discovery there of a thin bed of white sandstone containing very 
perfectly preserved specimens of fossil plants that proved, upon ex­
amination, to constitute a florula somewhat diflerent from that of any 
other locality in the West. This· spot was visited and most of the much 
discussed forms-Pistia corntgata, Lemna RC'I(tata, Trapa microphylla, 
Ficus asarifolia, etc.- were found, but little was added to the previous­
discoveries of others. This locality is a mile or more east of the station, 
and is situated quite high up the cliff, which is here steep, and the place 
'is difficult of access. The lower portion of the cliff at most points near 
the railroad consists of white fucoidal sandstone, the fucoids being in 
a much less perfect state of preservation than at Black Buttes and more 
concretionary. Below the fucoidal sandstone, at one point northwest 
of the station, there occurs a bed of light gray or nearly lavender colored 
clay containing fragments of ferns and conifers, together with Pistia 
corrugata, Sequoia bijormis, and other species found in the white sand­
stone stratum last descrihed. It does not seem possible that this stra­
tum ·can dip sufficiently to the west to bring it to the base of the bluff, 
and no evidence of a fault was discovered. The. color and fine-grained 
character of the rock are similar, but the mineral constitution is very 
different in the two beds, 'so that the question as to their possible strati­
graphical identity is still open. If the fucoidal sandstone forms the 
base of the Laramie, these clay beds must occupy the summit of the 
Cretaceous. 

Above tle massive white sandstone are several coal seams of good 
quality. They vary in thickness and di.sappear at some points so as 
to vary also in number, but about five such seams can usually be seen. 
Very few dicotyledonous or phenogamous plants exist in the strata 
between the coal beds, although these resemble those at Black Buttes 
in all" other respects. On the contrary, the fucoids abound throughout 
all these strata, including those that overlie the highest coal beds. 

At one point, nearly opposite the station to the north, a bed was discov­
ered which contained fine specimens of dicotyledonous and other plants. 
This bed i.s located just above the lowest coal seam, and is about half 
way from the base to the summit of the escarpment. The plants seemed, 
therefore, to occupy a position very similar to those at Black Buttes, 
and they occur in the same hard gray very arenaceous limestone. They 
were found only a~ this one point and in a single layer a foot or more 
thick, and rocks a few feet distant in either direction were barren of 
them. This tlorula proved very interesting and yielded a number of 
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forms not elsewh~re found. Among these was the small Ginkgo leaf, 
which I have called Ginkgo Laramiensis.1 (Plate XXXI, Figure 4.) 

Sf\veral localities within the Green River group wbre visited, espe· 
cially in the vicinity of Green River Station and of Granger, but the 
description of these will be omitted, and an account given ouly of locali­
ties belonging, with considerable certainty, to the Laramie group as it 
has been defined. But one other such locality was visited in the year 
1881, and respecting the geological position of this there is some doubt. 
This locality lies very near: the boundary line between Wyoming and 
U tab, some forty miles north west of Granger, on the divide between the 
Green and Bear River valleys. The Oregon branch of the Union Pacific 
Railroad was then in course of construction, and coustruction trains 
were running sixteen or eighteen miles out from Granger. The line of 
the railroad survey was followed from this point, and the plant beds 
occurred in the ridge through which the tunnel was being excavated. 
The place was then known as Hodges Pass, and my specimens are so 
labeled. Fresh-water Tertiary deposits prevailed for the first thirty 
miles or more, but they were observed to dip perceptibly to the east, 
and at last disappeared about seven miles east of the divide. They 
were succeeded here by coal seams, with which they were not con­
formable, the latter dipping strongly to the northwest. Very heavy 
beds of coal occur in the vicinity of the pass, and some were reported 
to have a thickness of sixty feet. The ridge through which the tunnel 
was being constructed contained fossil plants at nearly all points. The 
rock consists of a coarse, very arenaceo·us limestone, or calcareous 
sandstone, the leaves being either scattered without much stratification 
through the mass and lying at various angles to one another, often much 
crumpled or folded, or else iri matted layers upon one another in par­
allel planes, and sometimes so abundant that the rock seems to consist . 
almost wholly of them. In either case it was difficult to obtain perfect 
specimens. The impressions are very distinct, being of a dark color 
upon tlw light matrix, and showing the presence of the silicified leaf­
substance. Notwithstanding the coarseness of the material the finer 
details of nervation are often clearly exhibited. At first sight this flora 
seemed to be exceedingly monotonous, owing to the prevalence of cer­
tain lanceolate or linear willow-shaped forms, but a close study of these 
reveals considerable variety and the presence of several species and 
two or three genera. With these, however, occur numerous less abun­
dant forms which lend considerable diversity to the flora of this locality. 

There are good reasons for believing that these beds belong to the 
uppermost series of Laramie strata, and until more is known of them 
they may be regarded as forming a northern member of the Evanston 
coal field; the plants, however, differ widely from any found elsewhere. 

1 Science, VoL V 1 June 19, 1885, p. 496, fig. 7. 

\ 
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COLLECTIONS FROM THE FORT UNION GROUP. 

The several localities from which the principal collections made in 
the season of 1~883 were obtained li~ along the Yellowstone River, above 
and below the town of Glendive, which is situated three miles above 
old Fort Glendive and on the opposite or right bank of the river, at 
the point where the Northern Pacific Raih:oad first enters the valley 
from the east. Sufficiently precise descriptions of the geographical 
position of each of these beds were given in my administrative re­
port for that year, and these need not be repeated. 

The several beds worked for fossils represent, I am convinced, anum­
ber of quite distinct epochs separated far enough in time to have al­
lowed important changes in the vegetation to take place. The locali­
ties are n·ot far enough apart geographically to account for tlw great 
differences in the different :fiorulas, the extreme distance between the 
remotest beds not exceeding fifty miles. There were only two of the 
beds that I was tolerably well satisfied were actually synchronous, and 
these were among the most remote from each other. These beds are 
those of Iron Bluff and Burns's Ranch. The plant-bearing stratum at 
Iron Bluff is situated about fifty feet above the level of the river at low 
water, while that at Burns's Ranch is at the very water's edge and a 
few feet above and below. If the beds at Burns's Ranch represent a 
simple continuation of the strata that appear at Iron Bluff~ the dip to 
the north must be somewhat greater than the natural fall in the river, 
but the distance is about forty miles. Between Iron Bluff and Glendive, 
howeve·r, there occurs an outcrop of marine Cretaceous strata, contain­
ing characteristic Fox Hills shells. This forms an anticlinal of some five 
or six miles along the right bank of the Yellowstone, and again disappears 
beneath true Laramie strata some distance above the town. On the side 
toward Iron Bluff the Cretaceous seems to He entirely below the rail­
road cutting at the base of the bluff, but the talus of red blocks of fer­
ruginous baked marl obscured this portion and prevented its study. 
This is the only outcrop of Cretaceous rocks in the entire district visited 
by me. 

The reasons for regarding the Iron Bluff and Burns's Ranch beds as 
equivalent are chie:fiy paleontological. The characteristic plant of the 
Iron Bluff strata was the large cordate leafwhich I have designated as 
Cocculus Haydenianus. This occurs also at Burns's Ranch and has been 
found only in these two localities. The characteristic plant of the 
Burns's Ranch locality is Tmpa microphylla, and this also occurs at 
Iron Bluff and at no other place in the Fort Union group. The remark­
able Cryptogam mentioned above occurs in both beds and several of 
the celastroid leaves are common to the two localities. None of the 
forms found at these two localities occur at any of the others. The 
rock differs greatly in appearance, but this difference is mainly due to 
the former having been subjected to heat, its carbon driven out, and 
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its iron oxidized, turning it bright red, so that it may be regarded as a 
ferruginous marl; the other is very calcareous, and may be classed as 
an argillaceous limestone. 

The Iron Bluff stratum yielded a considerable variety of plant forms. 
Besides the largeCocculus leaves, which were present in great abundance· 
(though, owing to their great i>ize, usually in a fragmentary condition), 
there occurred an immense quantity of stems of a gigantic Equisetum 
and of monocotyledonous plants. One of the most striking features of 
this bed was the occurrence almost everywhere of the stems of certain 
plants marked all over with very distinct diagonal meshes or cross-lines. 
These lines consist entin'ly of deeper colored fine streaks, crossing one 
another with great regularity at a constant angle. They have the ap· 
pearance of having wound spirally round the stems in two directions, 
thqse of each set being all parallel to one another, and thus forming 
little rhombs where the s,ystems cross. There is-no apparent elevation 
nor depression, but the fine lines of deeper red are seen in cross-section 
to penetrate the general surface of light buff, showing that they possess 
some thickness. ·The diagonal meshes thus formed vary very inuch in 
size, from a millimeter to nearly two centimeters across, and this fineness 
or coarseness seems to be approximately nroportional to the size of the 
stem on which it occurs. This structure first reminded me of the peculiar 
cross-lines that occur in the broader stems of certain Monocotyledons, 
such as Sagitta ria, Eriocaulon, etc., and Beer has figured a fossil Sparga­
nium stem exhibiting such a structure. Oaulinites spat'ganioides of IJeS· 
quereri.x ("Tertiary Flora," plate xiv, figs. 4 and 10) exhib-its something 
faintly analogous to our plant, and Mr. Lesquereux has sought to ex· 
plain the occurrence of the cross-lines ( p. 100 ). But the resemblance 
is too distant to be of any service in the solution of the problem; Cer­
tain specimens showing a transition to the normal epidermis, with very 
fine longitudinal striation, make it next to certain that the parts ex­
hibiting this structure are decorticated, and some evidence exists to 
prove that the lines may represent the cell walls of the loose cambium 
tissue of an exogenous plant. The peculiar mode of branching of some 
specimens also suggests the exogenous rather than the endogenous 
mode of growth. Certain it is that the diagonal meshes always occur 
in connection with definite vegetable structure, arid even should they 
prove to be themselves inorganic and to have no connection with the 
tissues of the· plants on which they occur, still the fact must remain 
that they exist in consequence of such tissues, and are in so far of vege· 
table origin. I leave the question unsettled for the present and in-
trust its solution to further-research. ' 

The matrix in which the leaf prints found at Burns's Ranch are em­
bedded is an exceedingly fine-grained argillaceous limestone of a bluish­
gray color, weathering reddish-brown, and having no regular:sttatifica'­
tion, but very brittle, and easily breaking at any point with conchoidal 
fracture, leaving very sharp edg('s. The degree of friability is much in-
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creased by saturation, which was well shown in tlwse fragments that 
were tal-en from below the surface of the water in the river. The sur­
faces of the leaves often form planes of cleavage, and thus many beau­
tiful specimens were obtained, but the tendency to forsake these planes 
and break out at other places rendered many of the specimens frag­
mentary. Some very perfect specimens of Trapa were obtained. This 
plant, as is well known, grows in deep water, from a long submerged 
stem, which reaches the surface and bears at its summit a cluster of 
small roundish leaves on petioles of different lengths, which are so ar­
ranged upon the stem that all the leaves can lie upon the surface of 
still water. The longest petioles bear the outer circle of leaves and 
successively shorter ones those of circles nearer and nearer the cen­
ter, where the leaves are small and sessile. Several of my specimens 
as well as some of those collected ,the year previous by Dr. White 
show these concentric rosettes of leaves in an interesting way. 

The Cocculus leaves are rare in these beds, but several of the best 
specimens were nevertheless found here. Numerous fine specimens of 
Populus were obtained, only a few of which are figured for this paper. 
The sharply serrate, more or less elongated, leaves that seem to belong 
to the order Qelastrine::e were among the most numerous and are nearly 
or quite all new to science. A few very fine specimens of the remarka­
ble tapeworm-like Cr,yptogam mentioned above were found here, but this 
form is not yet figured. The bulbous tufted base is much smaller than 
in the Iron Blufl' specimens, but the remarkable serpent-like rays, with 
inflated transversely-ribbed heads and finely-toothed middle portion, 
are shown with great clearness. 

These two beds (Iron Bluff and Burns's R·anch) appear to me to form 
the base of the Fort Union deposit, and present a flora entirely diflerent 
from that of any other yet discovered. It is remarkable that the Trapa 
found in both of them appears to be the same species as that found so 
sparingly in the fine white sandstone layer at Point of Rocks, and what 
is still more remarkable, I also found at Burns's Ranch a few specimens 
of the characteristic Point of Rocks plant Pistia corrugata. I am in­
clined to regard these two beds as synchronous, and the differences in 
the rest of their floras may be accounted for by differences of latitude 
and the other conditions previously pointed out. Both seem to occupy 
the base of the Laramie and to overlie the same marine Cretaceous de­
posit. 

In ascending the Yellowstone the next locality is that known as 
Seven Mile Creek, or Gleason's Ranch. The little stream called Seven 
Mile Creek, five or six miles above the mouth of which the ranch is 
located, is situated about seven miles below old Fort Glendive, making 
it about' ten miles below the village of Glendive. Its ·lower valley is 
open and shows no exposures, but at Gleason's Ranch it has narrowed, 
and is bounded by hills that rise on the left bank, by a series of terraces, 
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to a height of about 600 feet. At numerous points along this escarp" 
ment good exposures occur, and vegetable remains of one form or another 
were seen at nearly all elevations. The lowest of the plant beds was not 
over forty or fifty feet :J.bove the valley of the creek, and the plants here 
consisted almost wholly of the large.Jeaved Sapindus which is figured 
on Plate L, Figs. 4-8. A few feet above this occurs a bed of conifer­
ous plants, and immediately above this one yielding a variety of Dicot­
yledons. Next in order is a stratum of heavy ironstone. This con­
tained a great number of seeds and fruits which are exceedingly curious, 
but which are as yet whoJly undetermined. Mixed with them are leaves 
in a bad state of preservation belonging to the genus Platanus, and 
probably to several other j!enera. 

The next bed that proved profitable to work was some 400 feet 
higher. It was literally filled with leaf impressions, and among these 
was the immense Platanus leaf, which is here figured natural size, Plate 
XLI, Fig. 1. Here, too, were found the specimens of Ginkgo, which are 
also repr01lilced in our illustmtions, and which appear nearly identical 
with G. adiantoidcs of Unger and quite too near the living plant. Not 
less intere~,;ting was the discovery of the very perfect Sparganium heads, 
especially those borne on the original stem, one of the 1-1pecimens of which 
is shown in the illustrations (Plate XXXII, Fig. 6). 

Finally, in the white marl cliff that forms the summit of the series of 
terraces another fl.orula was found, differing widely from all the rest 
and characterized by the presence in great abundance of the remark­
able leaf which I have called Crcdneria daturrefolia (Plate LVII, Plate 
LV Ill, Figs. 1-5). Associ~ ted with th!s form were many leaves of Pop­
ulus and Corylus, which were obtained in prof\lsion and in great per­
fection. This cliff showed evidence of having once ·been capped by a 
yellow ferruginous sandstone containing fucoids. One much weather­
worn specimen was obtained. 

This remarkable series of plant-bearing beds begins at the base with 
a light-colored and slightly arenaceous limestone, grows less calcareous 
and more argillaceous and ferruginous until the iron-stoue bed is reached. 
It then presents a serie:s of alternating beds of limestone and fe.rr\lgi­
nous marl to the Sparganium bed, which is scar.:Jely at ali ferruginous. 
The Oredneria clifl' consists of a soft, white, and ne~i.r!y pure marl, 
slightly tinted on weathered surfaces with iron oxide. The substance 
of the leaves imbedded in this IUatrix is elearly visible, and gives the 
impressions a very dark carbonaceous or lighter brown or lignite-col­
ored appearance. 

Judging from the slight uort.herly dip of the strata from the base.of 
the Laramie below Iron Bluff, where it is seen to rest on the Fox Rills, 
and ti:om Burns~s Rauch, where the lowest strata lie beneath the bed 
of the river, it seems probable that the summit of the Oredneria cliff is 
from 1,200 to 1,500 feet above the base of the Laramie. 

(i GEOL-05 



546 FLORA 0~' THE- LARAMIE GROUP. 

The locality on Clear Creek, fifteen miles above Glendive· and about 
three miles back from the river, yielded the largest quantity of fossil 
plants, but the flora was more uniform than that of other points and 
consisted chiefly of Viburnum leaves, which Sl)emed when collected to 

· belong almost entirely to one species, but upon closer study they prove 
to vary considerably and embrace a number of distinct forms. The 
other kinds of plants, too, which in comparison seemed very few and 
meager, prove, when separated from the Viburnum leaves and care­
fully studied, to be quite numerous and varied. Very large and some 
quite perfect leaves of Platanus nobilis, and of the species that possesses 
the remarkable basal lobe (P. basilobata, Plates XLII and XLIII), 
occurred here~ as well as Ulmus leaves, Equisetum tubers, and Legu­
minosites fruits. In intimate connection with the aburidant Viburnum 
leaves, and not always easy to distinguish from Equisetum and Legu­
minosites, there were scattered through the shales, always in single 
detached form~ many ovate or elliptical lanceolate fruits, with deep 
longitudinal furrows (Plate LXII, Figs. 2-6), which, upon careful com­
parison, I i:un convinced are the seeds of the Viburnum. This fact 
would not possess so great importance were it not that certain leaves 
apparently identical with the most abundant kind found at Clear Creek 
had been previously collected from the Fort Union gr(!Up and referred 
to a different genus. The discovery of these fruits in such immediate 
relation to the leaves confirms in a very satisfactory manner the con­
clusion which 'I had previously reached and expressed that the leaves 
published by Dr. Newberry as Tilia rtnt-iqua belonged really to the 
genus Viburnum. · 
_ Most of the plants 'collected on Clear Creek came frow a single stra-

. tum about three feet in thickness, which could be traced for long dis­
tances along the cliff on the left bank of the creek valley and within 
from twenty to fifty feet of its summit. The rocks consist of a limestone 
shale which is so argillaceous as almost to deserve the name of marl, 
slightly ferruginous, light gray, and very compact. The layers are quite 
thick, sometimes almost massive, so that very heavy specimens had to 
be transportetl; but at some points a true compact marl occurs, which 
breaks with ease in hoth directions and has a conchoidal fracture. 

Some nine miles farther up the broad valley of Clear Creek occnr some 
elevated ledges, which were visited. On the top of an isolated butte in 
this locality a bed of compact marl of very friable character was found, 
containing leaf impressions. This fiornla was entirely different from 
that of the locality farther down, and in fact from any other met with 
on the Y Pllowstone. The impressions·were very clear, but it was diffi­
cult to obtain entire leaves, owing to the ease with which the rock 
would break across the plane of stratification. It was here that were 
found the very remarkable digitate Aralia-like leaves figured below 
(Phite XL VIII, Figs. 10-12, Plate XLIX, Fig. 1 ). Some of the finest 
specimens of Oorylus also came from this bed, and a peculiar fucoid (Bpi: 
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raxi_s bivalvi8, Plate XXXI, Fig. 3) was abundant, having spiral stria­
tions, as if twisted. This fucoid always exhibited a tendency to split 
open longitudinally into two equal valves, and many of the segments 
lay around in halves, the plane of division being always smooth and even 
and passing directly through the center of the specimen. Only a small 
collection was made at .this point. 

The characteristic fossil of t.be Cracker Box Creek beds was a species 
(or two ,·ery closely related- species) of Viburnum ( V. asperum, Newby.,· 
Plate LXIV, Figs. 4-9, V. Newberrianum, Plate LXIV, Figs.l0-12, Plate 
LXV, FigH. 1-3), whicb, however, differs very much from the abun­
dant forms of Clear Creek and does not occur there, nor does the 
Clear Creek form occur at Cracker Box Creek, although the two locali­
ties are only five miles apart and very similarly situated. On the right 
bank of the valley occurred beds containing Populus leaves, masses of 
Taxodi1tm Eu1·opceum,, not elsewhere met wit.h, and an abundance of 
both Equisetum and cane (Arundo~), the latter very large. On the 
left bank o_ccurred th~ principal Viburnum bed, and in this a few other 
plants were found. 

The rock in which the specimens from this locality were embedded is a 
highly calcareous marl, sometimes amounting to argillaceous limestone' 
and slightl:y ferruginous. At certain points it is of a dark blue color, 
sometimes nearly black, and in one fossiliferous bed the outer portion of 
a small butte which was cut through by a gulch was of>a red color, like 
that of Iron Bluff, while the interior was blue or dark. This was of 
course due to combustion of the carbonaceous matter, the effect of 
which had not penetrated to the center of the butte. This combustion 
did not affect the character of the plant impressions, but the u'nburned 
portion was much more easily worked and much heavier. In a few of 
the oxidized buff specimens from this place, the peculiar diagonal mark­
ing, so striking at Iron Blufi', appears. It seems in these cases to occur 
on the large gramineous culms. 

The several localities on the Yellowstone River above described were 
all visited by Dr. C. A. White and his party the year previous, and their 
stratigraphical position determined; but, nevertheless, wherever it was 
possible I observed and collected the molluscan forms, which, however, 
were very rare. The following shells accompany my collections and 
have been kindly named for me by Dr. White: 

From Iron Bluff: Sphmrinm (planum f); Physa (Canadensis f). 
From Bums's Raneh: Acroloxus minntns. 
From Seven Mile Creek: Ironstone bed: Viviparus (species indeterminable); Unio 

(species indeterminable); sc~le of a gar. Sparganinm bed: Sphmrinm (species inde-
terminable). . 

From Clear Creek: Physa Cavadensis, Wbiteaves, ined.: Helix (Patula) (species 
undescribed) . 

. From Cracker Box Creek: Viviparus pruden tins, White; fragments of gasteropods. 

Very few fossil plants were collected during the journey that was 

4 -



548 FLORA OF THE LARAl\fll~ GROUP: 

made in August and September down the Missouri River from Fort 
Benton to Bismarck; but observations that were made upon the Lara­
mie strata as seen at di1l'erent points, and upon the vegetable remains 
found in them during that journey, may fittingly be recorded here. 

This formation was first met with as the Judith River group, near 
Bireh Creek, about 100 miles below Fort Benton. It here presented 
the massive sandstor1e stratum at its base similar to that of the Bitter 
Creek deposits and- appeared about 600 feet above the river, resting 
upon the Cretaceous. Above this sandstone a few plant remains were 
found in a soft, whitish-gray marl bed, too imuerfect for specific identi­
fication, but. showing the presence of Equisetum and coniferous and 
monocotyledonous plants. 

Before reaching this point, and much of the way from Coal Banl,s, an 
extensive ~ystem of dikes of micaceous basalt was !>bserved cutting 
through the white Cretaceous sandstone in all directions and forming 
picturesque objects along the river. These seemed to disappear as the 
Judith River beds came into view, leaving the question of their age 
relative to that of these beds nusettled; but at a point 18 miles below 
Claggett a single one of these dikes was observed to rise entirely 

•through the Cretaceous ·and Laramie strata, both of which were he1;e 
exposed, thus proving conclusively that the uptbrow of lava whicq 
produced these dikes occurred posterior to the deposit of at least a large 
portion of the .fudith River strata. 

From a point about fifteen miles below Grand Island, where the Judith 
H.iver group may be said to end, to the Muscle Shell, where the Fort 
Union group proper may be said to begin, no Laramie strata can be 
seen, arid for much of the distance from the mouth of tl.te Muscle Shell 
to Poplar Creek, 100 miles above the lllO!Jth of the Yellowstone, they 
merely cap the hills or are wanting altogether. Below Poplar Creek they 
come down to the level of the river, and some twenty or thirty miles below 
that point fossil plants were found, including Populus and other Dico· 
tyledons, as well as Conifers, at three different horizons in the cliffs on 
the right bank of the river." At other points between this and Fort 
Union, stems of cane and Equisetum were common, but no rich plant 
beds were found. The Laramie bills here often form nearly perpendic­
ular walls along the south bank of the river and thick beds of c·oal 
may be traced for great distances. Much of the Carbonaceous rock 
has been burned; and at one point the fire was still burning, the rocks 
in. the viciuity of a smoking crevasse being hot, but no actual ignition 
being visible from without. The progress of this combustion could often; 
be easily traced along a .vertical escarpmeut and the lines clearly seen 
wbicb were formed by its cessation. At one place the transition from 
brick-red to dark slate color was abrupt along a vertical line extending 
from top to bottom- of a wall several hundred feet high, forming a very 
striking contrast. 

At a point about thirty miles below Fort Buford an interesting bed of 
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northern drift was observeu, forming a layer about two feet thick, close 
down to the water's edge. One bnudred miles below Fort Buford a fine 
deposit of typical Fort Union plants was found, the light slate-colored 
marl containing them being, however, quite soft. At Little Knife Creek 
another bed was examined. The Fort Union group is the only deposit 
in view throughout all this region. Plants were seen at nearly an points 
that were examined, and at Fort Stevenson I visited a range of low red 
buttes three miles east of the fort, where I collected a number of good 
specimenll. They closely resembled the forms of the Lower Yellowstone 
and those previously. described from various points within the Fort 
Union group. · 

Below this point the country is more· flat, the hills are lower and 
more distant from the river, and there is evidence that the Laramie de-· 
posits are paslling below the surface.· Square Butte; eight or nine 
miles above Bismarck, is capped by str<tta that appear to occupy the 
·summit of the formation. 

LIST OF SPECIES ILLUSTRATED. 

The proportions which this paper has assumNl preclude any explana• 
tory remarks upon the figures which I have selected to illustrate the 
recent collections above described from the Laramie group, and all that 
can be added in explanation of them is a simple list of ·the names of the 
species as they have been decided upon up to this time, leaving more 
ample discussion of the nice points involved, and the statement of the 
evidence for or against these determinations, for a subsequent publica­
tion. This effort must be regarded as tentative, and subject to muclt 
alteration as more thorough study of all the material in hand shall 
throw additional light upon the many knotty problems involved. 

CRYPTOGAJ\'IS. 

~ Fucus lignitttm, Lx. Plate XXXI, i<'igs. 1, 2. 
Point of Rocks, W.\ oming; white sandstone bed east of station (l!'ig. 1). Burns's 

Ranch, Montana (Fig. 2). 

SpiraxiM bivctlvis, n. sp. Plate XXXI, .Fig. 3. 
Head of Clear Creek, Montana. 

CONIFERlE. 

Ginkgo LarwmienMis, Ward, Science, Vol. V, June HI, 1885, p. 4!JG, fig. 7. 
Plate XXXI, Fig. 4. 

Point of Rocks, ·wyoming; gray sandstone bed north of station. 

Ginkgo (tcliantoides, Ung. Plate XXXI, Figs. 5, 6. 
Seven Mile Creek, Montana; Sparl:ianinm bed. 
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Sequoia biformis, Lx. Plate XX~I, Figs. 7-12. 
Point of Rocks, Wyoming; white sandstone bed cast of st:.tion (Figs. 7, 8).; 

white marl bed northwest of station (Figs. 9-12). 

WONOCO'I.' YLEDONS. 

Phra.gmites Alaskana, Heer. Plate ~XXII, Figs. 1-3. 
Burns's Ranch, Montana. 

Lemna scutata., Dawson .. Plate XXXII, Figs. 4, 5. 
Burn~·~ Ranch, Montana. 

Sparganimn 8tygittrn, Heer.· Plate XXXII, Figs. 6, 7. 

Seven Mile Creek, Montana. 

DIOO'I.'YLEDONS. 

Populus glandulifera., Heer. Plate XXXIII, Figs.1-4. Fig. 3a, enlarged. 
Burns's Ranch, Montana. 

Populu.~ cuneata, Newby. Plate XXXIII, Figs. 5-11. 
Seven Mile Crdek, Montana; Sparganinm bed (Figs. 5-10). Clear Creek, Mon­

tana (Fig. 11) .. 

Popultts speciosa, n. sp. Plate XXXIV, Figs. 1-J. 
Clear Creek, Montana. 

Popttltts mnblyrhyncha, n. sp. Plate XXXIV, Figs. 5-9; Plate XXXV, 
.Figs.l-6. 

Seven Mile Creek, Montana; white marl be<l. 

Populus daphnogenoides, n. sp. Plate XXXV, Figs. 7-9. 
-Seven Miie Creek, Montana; white mar! bed. 

Populus oxyrhynclw, n. sp. Plate XXXV, Figs. 10, U. 
Seven Mile Creek, Montana; white marl bed. 

Populus craspedodromn, n. sp. Plate XXXVI, Fig. 1. 
Burns's R.auch, Montana. 

Populus W!titei, n. sp. Plate XXXVI, Fig. 2. 
Burns's Ranch, Montana; collected by Dr. C. A. White in 1882 and named in 

his honor. 

Populus hederoides, u. sp. Plate XXXVI, Fig. 3. -
Seven Mile Creek, Montana; white marl bed. 

Populus Richardsoni, Heer. Plate XXXVI, Fig. 4. 
Burns'~ Ranch, Montana. 

Populus anomala, n. sp. Plate XXXVI, Fig. 5. 
Burns's R.aneh, Montana. 

Populus Grewiopsis, n. sp. Plate XXX VI, Fig. 6. 
Seven Mile Creek, Montana; white marlued. 

Populus inmqualis, n. sp. Plate XXXVI, Fig. 7. 
Burns's Ranch, Montana. 
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Quercus bicornis, n. sp. Plate XXXVI, Fig. 8. 
Seven Mile Cr,eek, Montana; bed below the iron, stone. 

Quercn.~ Doljensis, Pilar. Plate XXXVI, Figs. 9, 10. 
Black Buttes Station, Wyoming. 

Quercus Garbonensis,-n. ~p. Plate XXXVII, Fig. 1. 
Carbon Station, \\7yoming. 

Quercus Dentoni, Lx. Plate XXXVII, Fig. 2. 
Point of Rocks, 'Vyoming; gray sandstone bed nort.h of station. 

Dryophyllu_m aq.uamanun, u. sp. Plate XXX VII, Figs 3-5. 
Black Buttes Station, Wyoming. 

Dryophyllmn Bruneri, n. sp. Plate XXXV LI, Figs. 6-9. 
Point of Rocks, Wyoming; gray sandstone bed (Figs. 6, 7). H<Hlges Pass, Wyo­
. ruing (Figs. 8, 9). Named in honor of Prof. Law~;ence Brnner.l 

Dryophyllumjalcat1im, n. sp. Plate XXXVII, Fig. 10. 

Hodges Pass, Wyoming. 

Dryophyllurn basidentatum, u. sp. Plate XXXVII, I!'i~. 11. 
Carbon Station, Wyoming. 

Gor.IJlus America.na, Walt. Plate XXXVIII, Figs. 1-5. 
Seven Mile Creek, Montana; white marl hct!. 

Corylus rostrata., Ait. Plate XXXIX, Figs. 1-4. · 
Seven Mil!l Creek, Montana; white marl heu. 

Gorylus Fosteri, n. sp. Plate XXXIX, Figs. 5, 6. 
Head of Clear C1·eek1 Montana (Fig. 5); Clear Creek, Montana (Fig. 6); the 

latter eollecte!l in 1882 by Dr. White's ·party; the first by Mr. Richard Foster, 
for whom it is named. 

? Corylus McQuarrii, Heer. Plate XXXIX, Fig. 7. 
Seven Mile Creek, Montana; bed below the ironstone. 

Alnus Grelf'iopsis, n. sp. Plate XXXIX, Fig. 8. 
· Hodges Pass, \Vyomiug. 

Betula p1·isca, Ett. Plate XL, Fig. 1. 
Sev~n Mile Crenk, Montana; bed helow the ironstone. 

Betnlct coryloide8, n. sp. Plate XL, Fig. 2. 
Se.veu Mile Creek, Montana; white marl l•ed. 

B t1da bas·iserrata, n. sp. 1'late XL, Fig. 3. 
Seven Mile Creek, Montana; white marl bed. 

li'JyTica ToTreyi, Lx. Plate XL, Fig. 4. 
Black Buttes Station, Wyoming. 

? Juglans Ungeri, Heer. Plate XL, Fig. 5. 
Burns's Rauch, Montana. 

1 Professor Bruner's valuable services on this expedition are otherwise acknowledged 
in my administrative report for that 4!'ear. (See Third Annual Report United States 
Geological Smvey, 1881-'8'~ 7 p. 29), 
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Juglans nigella., Heer. Plate XL, Fig. 6. 
Burns's Ranch, Montan~. 

Carya antiquorum, Newby. Plate XL, Fig. 7. 
Carbon Station, \Vyoming. 

P,latanus Heerii, Lx. Plate XL, Figs. 8, 9. 
Black Buttes Station, Wyoming. 

Platanus nobilis, Newby. Plate XLI, Fig. 1. 
Seven Mile Creek, Montana; Sparganium bed. 

Platanus basilobata, n: sp. Plate XLII, Figs. l-4. Fig. 4a," enlarged. 
Plate xr~rrr, Fig. 1. 

Seven Mile Creek, Montana; Sparganinm bed (Plate XLII). Clear Creek, 
Montana (Plate xr~III), 

Platan1ts Guillelmre, Gopp. Plate XLIV, Fig. 1. 
Burns's Ranch, Montana. 

Platanus Raynoldsii, Newby. Plate XLIV, Figs. 2, 3. 
Clear Creek, Montana; collected in 1882 by Dr. White's party. 

Ficus irregula.ris, Lx. Plate XLIV, Figs. 4, 5. 
Golden, Colorado. 

Ficus spectabilis, Lx. Plate XLIV, :Fig. 6. 

Golden, Colorado; collected in November, 1881, by Mr. C. W. Cross for Mr. S. F. 
Emmons. 

Ficus Orossii, n. sp. Plate XLIV, Fig. 7. 
Golden, Colorado; collected in 1881 by Mr. C. W. Cross for Mr. S. F. Emmons. 

Ficus specios1:ssima, n. sp. Plate XLV~ Fig. 1. 
Poi"!J.t of Rocks, Wyoming; gray sandstone betl north of station. 

Ficus tilimfolia, Heer. Plate XLV, Fig. 2. 
Burns's Ranch, \Vyoming. 

Ficus sintbosa, n. sp. Plate XLV, Fig. 3. 
Black Buttes Station, Wyoming. 

Ficus l-impida, n. sp. Plate XLV, Fig. 4. 
Clear Creek, Montana. 

Ficus vibttrnifolia, n. sp. Plate XLV, Figs. 5-9. 
Clear Creek, Montana. 

Ulmus planeroides, n. sp. P)ate XLVI, Figs. 1, 2. 
Cl. ar Creek, Montana. 

Ulmus minima, n. sp. Plate XL VI, Figs. 3, 4. 
Clear Creek, Montana. 

Ulmus rha1nniji>lia, n. sp. Plate XL VI, Fig. 5. 
Clear Creek, Montana. 
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Ulmus orbicularis, n. sp. Plate XL VI, Fi.g. 6. 
Clear Cre~k, Montana. 

Laurus resurgens, Sap. Plate XLVI, Fig. 7. 
Bnll MonntHins, Montm1a; collected hy Dr. A. C. Peale in l8o:5. 

Latww; pri1nigenin, Ung. Plate XLVI, Figs. 8-10. 
Carbon Station, Wyoming (Fig. 8). Point of Rocks, Wyoming; white sandstone 

lJcll east of st.~ttion (Figs. 9, 10). 

Litswa Carbonensis, n. sp. Plate XLVI, Fig. 11. 
Carbon St.ation, Wyoming. 

Oinnamomum lanceolatwn, Ht'er. Plate XLVI, Fig. 12. 
Hodges Pass, \Vyoming. 

Cinnamomtttn affine, Lx. Plate XLVII, Figs. 1-3. 
Black Buttes Station, \Vyoming. 

Daphnogene elegans, '\-Vat. Plate XLVII, Fig. 4. 
Black Buttes Station, Wyoming. 

? jJJonimiopsis ambo1·mfolia, Sap. Pl.ate XLVU, Fig. 5. 
Seven Mile Creek, Montana; Sap.indus bed, 

? llfonimiopsisjra.tm·na, Sap. Plate XLVII, Fig. li. 
Seven Mile Creek, ~lou tan a; lJed below, the ironstonn. 

Nyssa Bttdr1iana, n. sp. Plate XLVII, Fig. 7. 
'Hodges Pass, Wyoming. Nameu in honor of Mr.· J. Budd, snperinteuueut of 

construction of 'tiJe Oregon branch of the Union Pacific Railroa1l, who 
ilirecl.ell me to this locality. 

Cornus FOI;teri, n. sp. Pl~te XLVII, Fig. 8. 
Upper Seven Mile Creek, ten miles above Glendive, .Montana; collected by Mr. 

Ricllard Fo.ster, of Dr. Whitt~'~ party,. in Ull32. 

Oornus Studeri, Heer. Plate XLVlli, Fig. 1. 
Pn'int of Rocks, Wyoming; gray samlstoue he1l north of station. 

Corntts Emmonsii, u. sp. Plate XLV lH, J<~ig~. 2, 3. 
Golden, Colorado (Fig. 2); collected lJy Mr. S. F. Emmons, in July, 1882. Point of 

Rocks, \Vyoming; gray sandstone bed north of st.ation ( J<'ig. 3). 

Hedera. parv~tla, n. sp. Plate Xl.NI I I, Fig-. 4 . 
. Clear Creek, Montana. 

Hedern minima, n. sp. Plate XLVIli, Fig. 5. 
Head of Clear Creek, Montana. 

Heder(t Bruneri, n. sp. Plate XLVIII, Fig. 6. 
lllacl~ Buttes Station, \vyoming. 

Hedera aq·tt(L1/la1'a,, n. sp. Plate XLVIII, Fig. 7. 
Black Buttes Station, Wyoming. 

A1·alia notatn, Lx. Plate XLVIII, Fig. 8. 
Clear Creek, Montana. 
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Aralia Looziana, Sap. & Mar. Plate XLVIII, Fig. !l. 
Clear Creek, Montana. 

Aralia digitata, n. sp. Plate XLVIII, Figs.l0-12; Plate XLIX, Fig, 1. 
Head of Clear Creek, Montana. 

Trapa rnicrophyUa, Lx. Plate XLIX, Figs. 2-5. 
Burns's Raneb, Wyoming. 

Hamamelites fothergilloides, Sap. Plate XLIX, Fig. 6. 
Seven Mile Creek, Montana; bed below the ironstone. · 

Leguminosites arackioides, Lx. Plate XLIX, Fig. 7. 
Clear Creek, Montana. 

Acer trilobaturn trimt8pidatum, Heer. Plate XLIX, Figs. 8, 9. 
Clear Creek, Montana (l<'ig. 8); collected b,y Dr. Wbite',; p:trty in 1882. Little 

Missouri River, Dak·•ta (Fig. !J); collected hy Hayden and Peale in 1883. 

Acer indivil-llWI, Web. Plate L, Fig. 1. 
Carbon Stat.iou, Wyoming. 

Sapindus affinis, Newby. Plate L, Figs. 2, 3. 
Glatlstoue., Dakota; collected by Hayden ancl Peale ·in 188:t 

Sapindus grandij'oliolus, n. sp. Plate L, Figs. 4-8. 
Seven Mile Creek, Montana; Sapimlns betl. 

Sapind~ts alallts, n. s11. Plate L, Figs. 9, 10. 
Seven Mile Creek, Montana; Sapindns bed. 

Sapindns angnstiloli·us, Lx. Plate L I, Figs. 1-3. 
Seven Mile Creek, Montana; Sapindus be<l. 

Viti3 Bruiwri, 11. sp. PhLte LI, Figs. 4, 5. 
Carbon Station, Wyoming . 

. Vilis Oarbonensis, n. sp. Plate LI, Fig. 6. 
Carbon Station, Wyoming. 

Vi t-is Xantholithensis, n. sp. Plate LI, Figs: 7, 8. 
Burns's Ranch, Montana. 

Vitis Cl~spidata., 11. sp. Plate LI, Figs. !l-11. 
Bums's Ranch, Montana. 

Berchemia nmltinervis, AI. Br. Plate LI, Figs. 12, 13. 
Golden, Colorado. 

Zizyphus serrnlata, n. sp~ Plate LI, Figs. 14, 15. 
Burns's Ranch, Montana. 

Zizyph,ns Meekii, Lx. l'late LII, Figs. 1, 2. 
Carbon Station, Wyoming (l<'ig. 1). Bozeman Uoaf Mines, Montana (Fig. 2); 

collected by Ra~·tlen n,ml Peale in l~SJ. 

Zizyp/~ttt; cinnamomoides, Lx. Plate LII, Fig. 3. 
Seven Mile Creek, Montana; white marl bed. 
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Paliur1ts Colombi, Heer. Plate LII, Figs. 4-6. 
Burns's Ranch, Montana (Figs. 4, 5). CaruGn Station, Wyoming (Fig. 6). 

Paliurus pulcherrima, n. sp. Plate LII, Fig. 7. 
Carbon Station, Wyoming. 

Pali1tr1ts Pealei, n. sp. Plate LII, Figs; 8-10. 
Little Missouri River, Dakota; collected by Dr. A. C. Peale iri 188:3. 

Celastr~Js ferrugineus, n. sp. Plate LII, Figs. 11-14. 
Bnrns's Ranch, Montana (Fig.ll); Iron Bluff, Montana (Figs. 12-14). 

Celastrus Taurinensis, u. sp. Plate LII, Figs. 15, 16. 
Bull Mountains, Montana (l<'igs. 15); Burus's Ranch, Montana (Fig. 16). 

Oelastr1ts alnifolius, n. sp. Plate LIIl, Figs. 1, 2. 
Burns's Rauch, Montana. 

Celastrus pterosper_moides, n. sp. Plate LIII, Figs. 3-6. 
Burns's Ranch, Montana. 

Oelastnts ovatus, n. sp. Plate LUI, Fig. 7. 
Iron Bluff, Montana. 

Oelastrus grewiopsis, n. sp. Plate LUI, Fig. 8. -
Burns's Ranch, Montana. 

Celastrus curvinm·vis, n. sp. Plate LIII, Figs. 9, 10. 
Burns's Ranch, Montana. 

Euonymus Xantholithensis, n. sp. Plate LIV, Figs. 1, 2. 
Burns's Ranch, Montana. 

Elceodendron serrulatum, n. sp. Plate LIV, Figs. 3-5. 
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Burns's Ranch, Montana (Figs. 3, 4). Seven Mile Creek, Montana (Fi~. 5). 

Elceodendron polymorphum, n. sp. Plate Ll V, Figs. 6-12. 
Burns's Ranch, Montana. 

Grewia crenata (Ung.) Heet. Plate LIV, Fig. 13. 
Bull Mountains, Montana; collected by Hay<len and Peale in 1883. 

Greu·ia celastroides, n. sp. Plate LIV, Fig. 14. 
Iron Bluff, Montana. 

Grewia Pealei, n. sp. Plate LV, Figs. 1-:}. 

Bull Mountains, Montana; col}ected by Dr. A. C. Peale in 1883. 

Grewia obovata, Heer. Plate LV, Figs. 4, 5. 

Seven Mile Creek, Montana; white marl bed. 

Grewiopsis platanifolia, n. sp. Plate LV, Fig. 6. 
Seven Jl.lile Creek, Montana; Sparganium bed. 

filrewiopsis viburnifolia, n. sp. Plate LV, Fig. 7 . 
.Burns's Ranch, Montana. 
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Grewiopl!'is pop·ulifolia, n. sp. Plate LV, Figs. 8-10. 
Burns's Ranch, Montana. 

Grewiopsis jicifoUa., n. sp. Plat.e LVI, :Figs. 1, ~. 
Black Buttes Station, Wyoming. 

Grewiopsis paliurifolia, n. sp. Plate LVI, Fig. 3. 
Blrtck Buttes Station, 'Vyoming. 

PterospermUes cordatus, n. sp.' Plate LVI, Fig. 4. 
Seven Mile Creek, Montana; bed below the ironstone. 

Pterospermites Whitei, n. sp. Plate LVI, Figs. 5, 6. 
Bnrus's Ranch, Montana; collected by Dr. C. A. White in 1882. 

Pterosptrmites minor, n. sp. Plate LVI, Figs. 7-9. 
Burns's Ranch, Montana. 

Oredneria ·? daturwfolia, n. si1. Plate INII. Figs. 1-5; Plate LVIII, 
Figs. 1-5. 

Seven Mile Creek, Montana; white marl ned. 
Plate LVIII, Fig. 6, represents a leaf of Datura Stramonmm, L., introduced 

to illustrate the siruilarit.y of its nervation to that of the fossil leaves. 

Ooccult~s Haydenianus, n. sp. Plate LIX, Figs. 1-5. 
Burns's Ranch, Montana (Figs. 1-4). Iron Bluff, Montana (Fig. G). 
J\ametl iu honor of Ensign Everett Hayden, U. S. N., who has taken a special 

iutorest in this plant. 

Liriodendron Laramiense, n. sp .. Plate LX, Fig. 1. 
Point of Rocks Station, Wyoming; gray sandstone bed north of station. 

Magnolia puloltra, n. sp. Plate LX, Figs. 2, 3. 
Point of Rocks Station, Wyomiug; gray sandstone bml north of station. 

Diospyt·os brachysepala, Al. Br. Plate LX, Figs. 4, 5. 
Bnrn~'s Ranch, Montana (Fig. 4). Seven Mile Creek, Montana (Fig. 5). 

Diospyros jicoidea, Lx. Plate J,X,, Figs. 6, 7. 
Burns's Ranch, Montana (Fig. 6). Clear Creek, Montana (Fig. 7). 

Diospyros ? obtusata, 11. sp. Plate LX, Fig. 8.' 
Seven Mile Creek, :Montana; bed 'below the ironstone. 

Vibumwrn tilioides (Tilia antiqua,, Newby.). Plate LXI, Figs. 1-7; 
Plate LXII, Figs. 1-(i, 

Clear Creek, MoutJtna. 

Viburntun ]Jeqecium, n. sp. Plate LXII, Figs. 7-9. 
Clear Creek, Montana. 

Vibttt"nttm macrodontum, n. sp. Plate LXII, Fig. 10. · 
Clear Creek, Montana. 

Viburnum limpidum, n. sp. Plate LXIII, Figs. 1-4. 
Clear Creek, Montana. 
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Vibttrnnm Whymperi, Beer. Plate LXIII, Fig. 5. 
Clear Creek, Montana. 

Yiburmon perpiexton, n. sp. Plate LXIII, Figs. li, 7. 
Burns's Rauch, M .. ntaua; collected by Dr. \Vhite'g party· in 1882. 

Vibtcrnwm elongatmn, n. sp. Plate LXIII, 'Figs. 8, !), 

Clear Creek, Montana. 

Vilmrnwn oppositinerve; n. sp. Plate LXIV, Figs. 1, 2. 
Clear Creek, Montana. 

Vibnrnum erectum, n. sp. Plate LXIV, Fig. 3. 
. Clear Creek, Montana. 

Yibttrnum aspentm, Newby. Plate LXIV, Figs. 4-9. 

557 

Cracker Box Creek, Montana (Figs. 4-8). Seven Mile Creek, Montana; Spar­
ganium bed (Fig. 9). 

Vibttrnum Newbet·rianum, n. sp. Plate LXIV, Figs.l0-12; Plate LXV, 
Figs. 1-3. 

Cracker Box Creek, Montana. 

Viburnum Nordenskjoldi, Beer. Plate LXV, Figs. 4-6. 
Clear Creek, Montana (Fig. 4). Little Missouri River, Dakota tFig. (\). Glad­

stone, Dakota, (Fig. 5). The last two '"ere collected by Dr. A. C. Peale in 
Hl83. 

Viburnum betulwjolium, n. sp. Plate LXV, Fig 7. 
Burns's Ranch, Montana; collected by Dr. White's party in 1882. 

Viburnum finale, n. sp. Plate LXV, Fig 8. 
Iron Bluff, Montana .. 
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FIG. 1. Populus craspedodroma, n. sp. FIG. 2. P . W hitei, n. sp. FIG. 3. P. bederoides, n . sp. FIG. 4. P. Richardsoni, Beer. FIG. 5. P. anomala, n. sp. FIG. 6. P . Grewiopsis, n . sp. FIG. 7. P. inrequalis, n . sp. FIG. 8. Quercu~ bicornis, n. sp. Fws. 9, 10. Q. Doljensis, Pilar. 
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FIGS. 1-5. Cory ius Americaua, Walt. 
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FIGs. 1-4. Corylus rostrata, A. it. FIGS. 5, 6. C. Fosteri, n. sp. Fws. 7. !C. McQuarrii , Heer. FIG. 8. Alnns Grewiopsis, n. sp. 
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Fw. 1. Platanus nobilis, Newby. 
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FIGS. 1-4. Platanus uasilobata, n . sp. FIG. 4a. Enhrged detail. 
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FJG. 1. Plalauus Guillelrnre, Gopp. FlGS. 2, 3. P. Rayno:dsii, Newby. FIGS. 4, 5. Ficus irregularis, L x . Fw. 6. F. spectabilis, Lx . Fw. 7 F. Crossii, n. sp. 
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F1r.s. 1, 2. Ulmus plane roitles, n. sp. Fll'"· 3, 4. U. minima, n •P· 
Fw. 5. U . rhamnifolia, n. sp. 
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Fw. 7. Laurus resurgens, Sap. Fws. 8-10. L primigenia , Ung. 
FIG. 11. Litsrea Carbonensis, n. sp. 

Fw. 12 Ciouamomum lanceolatnm, Heer. 
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FIG. 1. Cornus Studed, H eer. FIGS. 2, 3. C. Emmonsii , 11. sp. FIG. 4. He<lera parvula, n. s p. FIG. 5. H. minima, 11. sp. Fw. 6. H . Rrnneri , n. ~p. FIG. 7. H . aq uamara., 11. sp. FIG . 8. Aralia notata. Lx. FIG. 9. A. Looziana., Sap. & Mar. FIGs. 10-12. A. di gita.ta. n . sp. 
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FIG. 6. Hamamelites fothergilloides, Sap. 

FIG. 1. .Aralia digitata, n. sp. 
FJGB. ~5. Trapa micropbylla., Lx. 

FIG. 7. Leguminosites aracbioitle•, Lx. 
FIGS. 8, 9. Acer trilobatttm tricuspitlatttm, Heer. 
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Ftos. 9, 10. S. alatus , n . sp. 

FIGS. 2, 3. Sapiudns affinis, Newby. 
FIGs. 4- 8. S. grandifolins, u. "P· 
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Fws. 1-3. Sapinrlus a.Dgustifolins, Lx. FIGS. 4, 5. ViHs Bruneri, n. sp. FIG. fl . V. CarboDeDsis, D. sp. FIGS. 7, 8. V. XaDtholithensis, D. sp. FIGs. 9-11. V. cuspirlat.a, n. sp. Frns. 12. 13. Bercbemia multinervis, AI. Br. FIGs. 14, 15. Zizyp1ms serrnlata, n. sp. 



yg 

i . 
I 



0 . 8. GEOLOGICAL SURVEY 
SIXTH ANNUAL REPORT PL. Ll! 

5 

3 

2 

6 

9 

7 

10 

11 12 

16 
13 l4 

DICOTY LEDONS. 

FIGS. l, 2. Zizypbus Meekii , Lx. FIG. 3. Z. cinnamomoides, Lx. FIGS. 4-6. Paliurns Colombi , Heer. FIG. 7. P. pulcberrima, n . sp. FIGS. S-10 .. P . Pcalei, n. sp. FIGs. ll-14. Celastrus fermgineus, n . sn. FIGs. 15, 16. C. Taurinensis, n. sp. 
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FIGs. 1, 2. Celast rns alnifolius, n. sp. Fws. 3-6. C. pt erospermoides, n. sp. FIG. 7. C. ovatns, n . sp. FIG. 8. C. grewiopsis, n. sp . FIGS. 9, 10. C. cnrvinf'rviP, n. Rp. 
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FIGs. I, 2. Enon.1·mus Xant.110lithensis, n. sp . Fws. 3-5. Elreodendron serrulatum, n. sp. FIGs. R-12. E poiJ·morphnm, n. sp. Fw. 13. Grewia cr~nMa tUng.), HPer. FIG. 14. G. cel"stmideH, n. sp. 
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F ws. 1-3. Grewia P ealei, n. "P· 

FIGs. 4, 5. G. obovata , R eer . 
DICOT YLED ONS. 

Fw. G. G rewiopsis pla tanif'olia, n. sp. 
Fra. 1. G. vibnrnifolia, n. sp. 

Fras. 8-JO. G. populifolia, n. sp, 
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FIGS. 1-5. Credneri 1 daturrefolia, n . sp. 
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Fro. 6. Datura Stramonium, L. 

FIGS- t-5. Credneria I daturrefoli&, n . sp. 
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FIGS. 1- 5. Cocculus Haydeoianus, n. sp. 
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· FIG. 1. Liriodend ron Laramiense, n. sp. FIGs. 2, 3. Ma~molia pulchra, n. sp. Fras. 4, 5. Diospyros brachysepala, AI. Br. 
Fm. 8. D. ! ohtusata n. sp. FIGs. 6, 7. D. flcoidea, Lx. 
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FIGS, 1-7, VibQl'DUtn tilioidee. 
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FIGs. 1-G. Viburnum tilioides. FIGs. 7-9. V. pe1fectuw, n. sp. FIG. 10. V. macrodontum, n. ap. 
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F IGS. 1- 4 Viburnum limpidnm, n . sp. F IG. 5. V. Wb ymperi, H eer. F IGs. 6, 7. V. perplexum, n . sp. FIGs. 8, 9. V . elonga.tum, n. sp. 
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Flos. 1, 2. Viburnum oppositinerve, n. sp. FIG. 3. V. erectum, n. sp. FIGS. 4-9. V. aspernm, Newby. FIGS. 10-12. V. Newberrianum, n. sp. 
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FIGS. 1-3. Viburnum Newberrianum, n. sp. FIGs. 4--6. V. N~rdens · 'ldi, Heer. Fm. 7. V. betulifolium, n. sp. FIG 8. V. finale, n. sp. 
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A. 

Abbe, Cleveland, consultation with, respecting 
earthquake observations, 61. 

Abiquiu, fossils near, 138. 
Acer indivisum, Web., 554; 1'1. L, Fig. 1. 
Acer trilobatum tricuspidatum, Heer, 554; Pl. 

XLIX, Figs. 8, 9. 
lEolian origin of loess, 286-288. 
lEollan transportation of mineral matter, 247. 
Agua Fria, geologic features near, 159, 163, 179, 180, 

181. 
A ix in Provence, fossil plants from, table, 443-514. 
Aix·la·Chapelle, iron sands of, 440. 

fossil plants from, table, 443-514. 
Alabama, topographic work in, 9, 10. 

collections of fossils in, 75. 
Albuqu~rque, geologic features near, 125. 
Alesna, 176. 
Algre of the Laramie Group, 518. 
Alluvium, relation to glacial action, 311. 
AluusGrcwiopsis, Ward, 551; Pl. XXXIX. Fig. 8. 
Alnus Kefcrstcinil. Gopp., 526,530. 
Altamont Innl'aine, 215. 
Alum clays, Gay Jlead, 22. 

American Lignitic, discussion as tO a~e of, 415. 
Anacar<liacere of the Laramie Group, 521. 
.Angiuspermru, fossil, table, 463-514. 
"Anticlinal" inapplicable in Plateau region, 196. 
Apetalre, fossil, table, 471-490. 
.Apctalm of the J"aramie Group, 520, 521. 
.Appalachian Division of Geography, 7-10. 
Appalachian Division of Geology, 23-25. 
Appalachian region, at·e:i. surve~·ed in the season, 3. 
.Araliaceru of the Laramie Group, 521. 
Aralia <ligitata, Ward, 554; Pl. XLVIll, Figs. 10-

12; Pl. XLIX, l!'ig. 1. 
Aralia Looziana, Sap. & Mar., 554; Pl. XL VIII, 

I'ig. 9. 
Aralia notata, Lx., 553: Pl. XLVIII, Fig. 8. 
Archean Division of Geolop;y, 18. 
A.rchean of the Plateau region, 157, 158, 160, 192. 
.Argo!, litharge reduced by, 346,347. 

sil.-er reduce<] by, 347. 
Arizona. work iu, 13, 14, 75, 76. 

petrified woo< I in, 135. 
. Arkoses <le l\!·ivcs, fossil plants from the, table, 

443-514. 
Assays, lead, 339-341. 

siiYcr, table, 348-352. 

Atlantic and Pacific Railroad, geologic features 
near, 125, 126, 127, 128, 137, 143, 145, 147, 152, 
173, 179. 

coal on the, 140. 
Atlantic Coast Division of Geology, 18-22. 
Aubrey Group, 132, 133. 

B. 

Bad Lan<h• •f Judith River, age of, 407,411. 
Bad Lands of Upper Missouri, 408. 
Baird, S. F., aill of, XXIX. 
Bakewcllia, foun<l near Fort Wingate, 134. 
Bannist~r. See Meek and Bannister. 
Baraboo River Valley, 262,263. 
Barrier beaches, 369, 382. 
Barns, CarlJ work of, 87, 88. 
Bay of Fundy; nature of tide and shore, 368. 

swatnps re~laimed near, 377. _ 
Beach, Horace, cited on Prairie duChien well~, 223. 
Bear River, age of estuary beds of, 412. 
Becker, G•orge F., work of, XXV, 67-70. 
Berchemia rnultinervis, fl. Br., 554; Pl. LI. ~'igs. 

12, 13. 
Berthoud, E. L., on the age of Laramie beds, 410. 
Betula basiaerrata, Ward, 551; Pl. XL, Fig. 3. 
Betula coryloidcs, Ward, 551; Pl. XL, l<'ig. 2. 
Betula gracilis, Ludw., 530. 
Betula pris~a, Ett., 551; Pl. XL., Fig. 1. 

Bien, Julius, and Co., contt·acts with, 17. 
Bien, Morris, work of, 8. 
Binney, \V. G., work of, 80. 
Bitter Creek fossil plants, 443-514, 539. 
Bitter Creek saurian fossils, 414, 415. 
Bitter C1·eek series, age of, 422 . 
Black Buttes, 539: 
Black lUver Falls, 228. 
Black River Valley, 310 • 
Blankenburg, Credueria beds of, 440 . 
Blow·pipe assay of silver, 329, 337, 338. 
Bluewater, geologic features near, 129, 149, 150, 

151, 180, 181 . 
Bluewater Canon, 158. 
Bodfish, S. H., work of, 4, 5, 30. 
Boehmer, George H., aid of, 83. 
Bolca. See Mounts Bolca, &c. 
Boston Harbor, H75. 
Bowlders, 252, 264-277. 
Brachenx, fossil plants of, table, 4~1, 443-5H. 
Buell, I. M., work of, 37 . 
Burns, Frank, work of, 74. 
Burns's Ranch, fossil plants from, 542-544. 

u . 

Uab~tzon, the, 171, 17a, 174, 175. 
California, area sorve,rc'l in Northern, 3. 

geologic work in State of, 67-70, 72, 73. 
California Division of Geogra])hy, 15, 16. 
Call, R. E., work of, 23. 

identification of fossils, 285, 286. 
Canada, geologic work in, 45. 
Canon de Chelly, 136. 
Canon ofDe>il's Loke, 263. 
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Canons in Upper ~lississippi Valley, ancient, 223, 
231, 26~. -

Cape Cod beach, 370. 
Cape Cod moraine, 215. 
Cape Poge, 371. 
Carbc'l and Evanston, fossil· plants from, table, 

443-514. 
Carboniferous nonconformity in the Rocky 

Mountains, 65, 66. 
Carboniferous of the Plateau region, 132, 133, 142, 

157, 158,160. 
Carbon Station, fossil plants from, 538.­
Carpolitbes horrid us, Daws., 535. 
Carya antiquorum, Newby., 552; 1'1. XL, Fig. 7. 
Celastrinem of the Laramie Group, 521, 527. 
Celastrus alnifolius,Ward, 555; Pl. LIH, Figs. I, 2. 
Celastrus cnrvinervis, Ward, 555; Pl. Llii, Figs. 

9, 10. 
Celastrus ferrugineus, Ward, 555; Pl. LII, Figs. 

11-14. 
Celastrus grewiopsis, Ward, 555; Pl. LIII, Fig. 8. 
Celastrus ovatus, "'ard, 555; Pl. LUI, Fig. 7. 
Celastrus pterospermoides, Ward, 555; Pl. LUI, 

FigR. 3-6. 
Celastrus Taurinensis, Ward, 555; Pl. LII, Figs. 

15, 16. 
Cellular cryptogams (cellula res), fossil, table, 443-

448. 
Cenomanian fossil plants, table, 443-514. 
Cenozoic invertebrates, division of, 78-80. 
Chamberlin, T. C., work of, XXIII, 33, 40. 

and R. D. Salisbury, on driftless area of Upper 
Mississippi Valley, 199-322. 

Champlain beds, 212. 
Charles River inlet, 376. 
Chari<'s River marsh, 377 .. 
Chatard, 1'. M., work of, 86, 87. 
Chan\"enot., >V. M., work of, 40,42-44. 
Chaves Station, geologic features uear, 149, 151. 
Cheat Valley, investigations in, 30, 31 . 
Chelsea beach, 370. 
Chemistry and Physics Division, 86-88. 
Chert of driftless area of the Upper Mississippi, 

251-254. 
Chimneys, geologic, in limestone, ~56. 
Chippewa River Valley, 263, 308,310. 
Choiska (Chuska) l'lateau, 130, 140, 150, 188. 
Cinder cones of Plateau region, 165. 
Cinnamomum, occurrence of, in the Laramie 

Group; 438, 439, 53i. 
Cinnamomnm affine, Lx., 553; Pl. XLVII, Figs. 

1-3. 
Cinnamomum lanceo!atum, Heor, 530, 553; Pl. 

XLVI, Fig. 12. 
Cinnamomum Scheuchzer~ Heer, 531. 
Cinnamomum Sezannense, Sap., 531. 
Clarke, ];'. W., ndministrative report, 86-88. 
Clay•, analyses, 249, 250. 
Clays of drift regions, 255, 266. 
Clear Creek, Montana, fossil plants from, 546. 
Coal, Evanston, 541. 

Laramie, 411, 437. 
Montana, 52. 
Rocky Mountain, Cretaceous, 413. 

Coal beds, Colorado, 537,538,5311. 

fossils, 538, 539, 540. 

Coal beds, Narrngansctt., 19, 20. 
Coal traced to New Mexico, 410. 
Cobscook Bay district, 19. 
Cocculus Haydenianus, Ward, 542, 543, 5H, 556: 

Pl. LIX, Figs. 1-5. 
Volo1'ado, geologic work in, 71, 72. 

wountmns of, 117. 
rocks of, 132. 
Jossils of the Grand Canon of, 183. 
<:oal in, 410. 
lignite in, 415. 

Colorado Cbiquito, 129, 146. 
Colorado River, navigated by Lieutenant lves, 

123. 
Columbus, Ky., gra\"els, 213. 
Condon, Thomas, fossils }H'esellted to Survey, 73. 
Coniferre, fossil, list of species illustrated, 549, 550. 
Coniferm of the Laramie Gmup, 519. 
Connecticut, work in feldHpar quarries in, 87. 
Continental divide, the, 129. 
Contours of moraines, 264. 
Cope, E. D., in Wheeler expeditions, 124, 140. 

cited on New Mexico fossils, 138,184. 
on the age of the Laramie Gronp. 411, 414, 418, 

419, 427. 
on the Cretaceous age of U I> per Missouri 

strata, 411,416,419. 
on correlation of Laramie with EnrOJH:'an 

strata, 427. 
Copper, drift, in Eastern Michigan, 318. 
Cordillems, form of, 116. • , 
Cornus Emmonsii, Ward, 553; Pl. XLVIII, Figs. 

2, 3. 
CornnsFosteri, Ward, 553; Pl. XLVII, Fig. 8. 
Corn us Stuoler;, Heer. 553; Pl. XL VIII, Fig. 1. 
Con·asion, glacial, 224. 
Corundum mines, si. 
Corylus, occurrence ~,f, in the Larnmie Group, 

438, 439. 
Cory! us Americana, Walt., 551; 1'1. XXXVIII, 

Figs. 1-5 
Corylus Fosteri, Wa1d, 551; Pl. XXXIX, Figs. 

5, 6. 
Cory Ius McQuarrii, Heer, 551; Pl. XXXIX, Fig. 7. 
Corylns rostrata, Ait., 5o1; Pl. XXXTX, Figs. 1-4. 
Covcro. See Cubero. 
Cr~tcker-box Creek, fossil plants from, 547. 
Crawford Count.y, 'Visconsin, quartzose pebbles 

in, 275. 
Crcdneria, probah1e occurrence of, in tl.te Laramie 

Group, 533, 545. 
Credneria beds of the Harz Mountains, 440. 
Credneriadaturrefolia, Ward, 545, 556; PI. LVII, 

Figs. 1-5; Pl. LVIII, Figs. 1-5. 
Cretaceous drift, 275. 
Cretaceous fossil plants, table, 443-514. 
Cretaceous of tbe Plateau region, 138, 139, 148, 157. 
Cretaceous vs. Tertiary origin of Laramie beds 

discussed, 406, 433, 435, 533-536. · 
Crosby, W. 0., work of, 31. 
Cross, W., work of, 62, 63. 
Crowe, J. B., work of, 78-80. 
Crust changes, 211, 224, 291, 300-302. 
Crytogamia, fossil, table, 443-456. 
Cryptogams, fossil, Jist of species, illuRt.rated, 549. 
Cubero, geologic features near. 171, 179. 
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Cnpellation in silver assay, 336, 33i. 
Cupelling apparatus, 337. 
Cupuliferre of the Laramie Group, 520,521. 
Curtice, Cooper, work of, 75, 77. 
Curtis, J. S., administrative report, 71. 

on quantitative determination of silver by 
means of the microscope, 323-352. 

Cut Tiiver marshes, 384-388. 
Cycatlacero of the Laramie Group, 519. 

D. 

Dakota, geologic work in, 33, 34, 48. 
sandstone of, 138, 139. 
moraines in. 215. 
glacial valley, 318. 

Dakota Group, fossil plants, table, 443-514. 
Dall, W. H., administrative report, 78-80. 
Dana, E. S., work of, ~3. · 
Dana, J. D., cite<l on driftlcss area, 205. 
Daniels, Edward, cited on drift.less area~ 205. 
Daphnogene elegans, Wat., 553; 1'1. XLVII, 

Fig.4. 
Darwin, Cbas. C., administrative report, 97-101. 
Datura t;tramoninm, L., 556; Pl. LVIII, Fig. 6. 
Davis, W. M., work of, 36, 61. 

consultation with, respecting earthquake ob· 
servations, (il. 

Dawson, G.ll., cited on condition £luring north­
westem drift deposit, 318. 

on the ago of tlle "lignitic fonnations~~f tho 
West,"4l7,418. 

on synchronism of fossils, 440. 
Dawson,J ,V., on Laramie of British Provinces, 

441. 
on fo.ail Quercus, 531. 

Defiance Valley, 148. 
Deglaciation, 314, 315. 
Dells of the Wisconsin, 229, 230. 
Devil's Lal{e, Whwonsin, 263. 
Dewalquea Gelindenensis, Sap. & Mar., 531. 
Dicotyledones, fossil, taule, 471-514. 

list of species, illustrated, 550-557. 
Dicotyledons of the Laramie G10up, 520. 
Diked lands, Green Harbor River, 384-'388. 
Diller, J. S, work of, 60. 

on metamorpbosC>d sandstone, 157. 
on measurement of loess particles, 280,307. 

Dinosaurs in the Laramie Group, 414,422,426,427, 
429, 431. 

Diospyros uracbysepala, AI. Br., 556; Pl. LX, 
Figs.4, 5. 

Diospyros ficoitlea, Lx., 556; Pl. LX, Figs. 6, 7. 
Diospyros obtusata, Ward, 556; Pl. LX, Fig. 8. 
Dirlazinm MUI!eri, Heer, 5?0. 
District of Columbia, work in, 16, 30. 
Draughting Dit"ision, 17. 
Driftless area of the Upper Mississippi Valley, 

199-322. 
Dryophylltuu, occurrence of, in the Laramie 

Group, 5:;4, 
Dryophyllnm aquamarum, Ward, 551; Pl. 

XXXVII, Figs. 3-5. 
Dryopuyllum basidentatum, Ward, 551; Pl. 

xxxvn, Fig. 1i. 
Dryopbyllum Brnneri, Ward, 551; Pl. XXXVII, 

Figs. 6-9. 
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Dryophyllnm falcatum, Ward, 551; Pi. XXXVII, 
Fig. 10. 

Dubuque artesian well, 223, 303. 
Dubuque loess, 282, 291. 
Dutton, C. E.; work of, XXIV, 59, 62. 

on Mount Taylor and the Zufii Plateau, 10<>-198. 
cited on western mountain degradation, 226. 

Duxbury Bay, 385. 

Elreodemlron polymorph urn, Ward, 555; :Pl. LIV, 
Figs .. G-12. 

Elreotlendron serrulatum, Ward, 555; Pl. LIV, 
Figs. 3-5. 

Elk .Mountains, plication a of. 194. 
Emmons, S. F., work of, XX\~, 62-67. 

on tho age of the Lammio Group, 422. 
Endlich, F. M., term l'ost.Cretaceous applied to 

lignite beds by, 424, 425. 
Engelmann, II., on the age of the Dear River estu­

ary ueds, 412. 
Engraving for Survey, 17. 

-Eocene fossil plants, 440. 
Eocene fossils, 414. 
Eocene of tue Plateau region, 132,140. 
Eocene plants, tahle of distribution of, 443-514. 
Eqnisetum, 547, 548. 
Estuarine swamps, 361. . 
Ettingshausen, Baron, on synchronism of faunas 

and floras, 437. · 
Euonyruus Xantholitbensis, Ward, 555; Pl. LIV, 

Figs. I, 2. 
E,·anston and Carbon, fossil plants from, taule, 

443-514. 
E,·auston coal, 422. 
Evanston coal field, 541. 

F. 

Faunal an•as of tho earth, 436. 
Ferns of the Lammi~ Group, 518. 
Ficus, occurrence of, in the Laraniie Group, 438, 

439, 537, 538. 
Ficus a sari folia, Ett., 530, 540. 
-Ficus Cros•ii, Ward, 552; 1'1. XLIV, Fig. 7. 
Ficus Dalmatica, Ett., 529. 
Ficus irregnlaris, Lx., 538, 552; Pl. XLIV, Figs. 

4, 5. 
Ficus limpida, Ward, 552; Pl. XLV, l<'ig. 4. 
Ficus sinuosa, W~rd, 552; Pl. XLV, Fig. 3. 
Ficus spcciosissima, Ward, 552; Pl. XLV, Fig. l. 
Ficus spectabilis, Lx., 552; Pl. XLIV, Fig. 6. 
Ficus tilirefolia, Reer, 530, 552; 1'1. XLV, Fig.;!. 
Ficus vihuruifolia, Ward, 552; Pl. XLV, Figs. 5-9. 
Filiees of the Laramie Group. 5, 18. 
l<JOrd structure on :New England coast, 362,363, 

369. 
Flabellaria Zinckeni, Reer, 530. 
Flood trains of the Upper Mississippi, 261,262. 
Flora of the Laramie Group, synopsis of the, 3997 

557. 
!lorida, geoloj!;ic work in, 80. 
Foebr, Carl, cited on silver analysis, 331. 
Fontaine, William M., atlministrativerevort, 85, 86. 
Ford, S. W., work of, 75. 
Forestry Division, 93. 
Fort Denton, geologic features near, 548. 
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Fort Buford, geologic features near, 549. 
Fort Defiance, geologic features near, 123, 147, 148. 
Fort Stevenson, fossil plants near, 519. 
Fort Union deposits later than Southern Laramie, 

439. 
Fort Union fossil plants, 405, 439. 

collection of, 542-549. 
table, 443-514. 

Fort Union Group, age of the, 408, 420, 421. 
Fort Union or great lignite fossils, 409. 
Fort Wingate, geologic features near, 123, 129, 134, 

137, 146, 1-19, 150, 152, 160, 188 .• 
Fossil plants, genera extinct, table, 443-514. 

living species, table, 443-514. 
table of distribution, 443-514. 
discussion, 515-536. 
recent eollections from Laramie strata, 536-549. 
list of I"aramie species illustrated,. 549--557. 

Fossil shells of Plateau region, identified by C. D. 
Walcott., 134. 

Fossils in Rocky Mountain coal, 413. 
Fringing deposits, ~Iacial waters, 261, 262. 

·ponde<l waters, 262, 263. 
Fucoids, fossil, 539, 540, 546. 
Fucuslignituru, Lx., 549; PI. XXXI, Figs. I, 2. 
Fungi of the Laramie Group, 518. 
Fuveau, lignites of, 440. 

fossil plants of, table, 443-514. 

G. 

Galena loess, 281, 282. 
Gallapagos Islands now in age of reptiles, 436: 
Gallup, geologic features near, 123, 143, 145. 

coal ncar, 140. 
Gamopetal1e, fossil, table, 509, 514. 
Gamopctalm of the Laramie Group, 521. 
Gannett, Henry, administrative report, 3-17. 
Gannett, S. S., work of, 8, 9, 10. 
Gary moraine, 215. 
Gay Read alum clays, 22. 
Geiger, H. R., work of, 24, 25. 
Geikie, .A., reference to Western .American fos. 

sils, 432. 
Gelinden, Marnes Reersiennes of, 441. 
Genera of fossil plants, number represented in 

the Laramie, Senonian, and Eocene forma­
tions, 523. 

table of the principal, 524. 
Geop:raphical distribution of genera of fossil 

plants, 523-527. 
Geographical distribution of life as related to 

present plant life, 527, 528. 
Geographical distribution of life vs. synchronism, 

435, 436. 
Geographical Division, 3-17. 
Geological Survey,-organization of the, XIX-XXII. 

amounts appropriated-for, in 1885, xxvm. 
Georgia, topographic work in, 9, 10. 

geologic reconnaissance in, 24. 
Georgian Bay Valley, 318. 
Geysers, 54-59. 
Gibson, .A.M., work of, 75. 
Gilbert, G. K., work of, XXIV, 22-25. 

on Henry Mountains, 113, 121, 142, 197. 
in Whcelerexpedilion, 124. 
cited on N ntria section, 143. 

Gilbert, G. K., cited on Western Mountain degra­
dation, 226. 

Ginkgo, occurrence of, in the Laramie Group, 
529, 531, 541, 545. 

Ginkgo adiantoides, Ung., 545, 549; PI. XXXI, 
Figs. 5, 6. 

Ginkgo Lar·amiensis, Ward, 541, 549; Pl. XXXI, 
Fig. 4. 

Ginkgo polymorpha, Lx., 529, 531. 
Girardot's coal mine, Colorado, fossil plants col· 

lected at, 538. 
Glacial corrasion, 224. 
Glacial dams, 211. 
Glacial Division, 33-40. 
Glacial epochs, 212, 214, 532. 
Glacial erosion iu New England, 362. 
Glacial geology. See Driftless area of the Upper 

Mississippi Valley. 
Glacial planation, 207, 214. 
Glacial ponding, 227. 
Glacial wastage area, 210, 319, 322. 
Glacial waters, fringing deposits, 261-263. 
Glaciated district favorable to swamp formation, 

363. 
Glaciation, 'topographic agencies determining, 

322. 
Gleason's Ranch, J.iontana,· fossil plants from, 

544, 545. 
Glendive, fossil plants collected near, 542-549. 
Golden, Colorado, fossil plants of, table, 443-514. 

geology of, complicated, 537, 538. 
Goniopteris polypodioides, Ett., 530, 
Gooch, F . .A., work of, 54, 55, 56, 57, 86, 88. 
Goode, R. U., work of, 11. 
Gosau form<Ltion, plants of the, table, 440, 443-514. 
Grand Cauon of the Colorado, 117,132,183,191. 

geology of, 144, 183. 
Grand Wash fault, 191. 
Grant Station, geologic features near, 151,153. 

157. 
Groat Basin, 186, 187, 194, 195. 
Great Basin Division of Geology, 22, 23. 
Great Lignitic or Fort Union Group, 400, 416. 
Great Rce Valley, 318. 
Green Bay glacier, 260. 
Gr~en Har·bor River, diked lands of, 384-388. 

area of marshes, 385. 
artificial entrance to, 385. 

Greenland, observations on ice-fields of', 320,321. 
Green River, explorations of, 113, 115. 

age of coal basin of, 411, 412. 
Green River group, fossil plants of the, table, 

443-514. 
Grewia oelastroides, Ward, 555; Pl. LIV, Fig. 14. 
Grewia orenata (U ng. ), Heer, 555; Pl. LIV, Fig. 13. 
Grewia obovata, Heer, 555; PI. LV, Figs. 4, 5. 
GrewiaPealei, Ward, &55; PI. LV,"Figs.1-3. 
Grewiopsis ficifo!ia, Ward, 556; Pl. LVI, Figs.!, 2. 
Grewiopsis paliurifolia, Ward, 556; Pl. LVI, Fig. 3. 
Grewiopsis platanifolia, Ward, 555; Pl. LV, Fig. 6. 
Grewiopsis popnlifolia, Ward, 556; Pl. LV, Figs. 

S-10. 
Gre'wiopsisviburnifolia, Ward, 555; Pl. LV, Fig. 7. 
Griswold, W. '£,, work of, 8,10. 
Gymnospermre, fossil, table, 457-462. 
Gymnosperms. fossil, 515, 516. 
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R. 

Hague, Arnold, work of, XXIV, 54-59. 
on the age of the Laramie Group, 422. 

Hall,(). W., work of, 40. 
Hall, James, work of, 27: 28, 32. 

on subdivision of Cretaceous, 408. 
Hallock, W. H., work of, 54, 55, 56, 57, 87. 
Halyrnenites mnjor, l~x., 538, 539. 
Halymenites minor, Heer, 529. 
llamamelites fothergilloides, Sap., 554; Pl. 

XLIX, Fig. 6. 
Hampton Beach, 382. 
Harbora, affected l>y marine swamps, 374. 

protected by marshes, 376. 
Harz district, fossil plants, table, 443-514. 
Hawaiian Islamls, volcanoes of, visited, 181. 
Hay, Robert, work of, 32. 
Hayden, Everett, work of, 81, 82,94: 
Hayden, F. V., arlministrative report, 48-53. 

geological map of :Missouri River region, 408, 
409 • 

. on Judith River basin, .ito. 
on age of Laramie Group, 413, 420, 425,426. 

Hayden and Meek, cited on Nebraska fossils, 407. 
Hazen, IV. B., aid of, 61. 
Hcrlcra, occurrence of, in the Laramio Group. 534. 
Hedera aquamara, Ward, 553; Pl. XLVIII, Fig. 7. 
llerlera Bruneri. Ward, 553; Pl. XLVIII. Fig. 6. 
Herlera minima, Ward, 553; Pl. XLVIII, Fig. 5. 
Hederro. parvnla, Ward, 55a; Pl. XL VIII, Fig. 4. 
Hecr, 0., on age of American plant beds, 431. 

on the geologic age of Po.toot, 440. 
on certain fossil plants, o3l. 

Henry "Mountains, examinPd by G. K. Gilbert, 113, 
121, 142, 197. 

Hetherington, H. S., on Dubuque wells, 2~3. 
H•·ysc, Paul, on La Crosse well, 223. 
Hillers, J. K., work of, 96, 97. 

- Hoffman, J. D., work of, 16, 30, 45. 
Holland, swamps reclaimed in, 376, 380. 
Holman, Paul, work of, 14. 
Holmes, IV. H., administrative report, 94-97. 

surveys in San Juan Valley, 124. 
" Hook:::.,•• sand, on coast, 371, 372. 
Howell, E. E., in Wheeler expedition, 124. 
Hurlson River fjord, 375. 
Hudson River shales, 206, 220. 
Hudson's Bay, 319. 
Huronian pehbles, 273. 
Huronian rocks, 2ZO. 
Huron Mountain•, 218. 
Hurricane fault, 144, 191, lSi, 

Ice age, 312. 
Ice attraction, 291-300._ 
Ice dams. 288-290. 

I. 

leo de.formation, 302--304. 
Ice fields of Green land, 320, 321. 
Ice incursion, 209, 315. 
Iddings, Joseph P., work of, 54, 59, 
nunoi.s, geologic work in, 35. 

driftless area of, 217, 276. 
geologio fllatnres of, 268, 270,289, 
loess iu, 2851 200, 

Illinois drift, fossils in, 285,286. 
Illustration• Division, 94--96. 
Indiana, geologic" ork in, 35. 

geologic features of, 314, 319. 
Iowa, geologie in~estigationsin, 31, 32, 38, 39. 

driftless area of, 217. 
geologic features of, 274, 275, 276, 305, 306, 310, 

314,317. . 
Iowa, loess in, 2~3. · 
Ipswich marshes, 369. 
Ipswich River, 382, 383. 
Iron Bluff, Montana, fossil plants collected at, 542-

514. 
Irving, R. D., work of, XXIV, 40-48. 

cftorl. on driftlcss area, 315. 
Irving, :Mrs. R. D., drawings of, 94. 
Ives, Lien tenant. explorations of, 123. 

J. 

James River Valley, 318. 
Jemez range, 130,192, 193. 
Johnson, Lawr•·nce C., work of, 74. 
Johnson, Willard D., work of, 23. 
Juantafoya, volcanic action near, 165,167, 169,173, ' 

174. 
Jud<l, J. W., dterl on Nile delta, 305,306. 
Judith River beds, age of the, 407, 409,410,411,420, 

548. 
alleged Wealden facies of the fauna of, 410. 

Juglans nigclla, fleer, 552; Pl. XL, Fig. 6. 
Juglans Ungeri, fleer. 551; Pl. XL, Fig. 5. 
Jurassic nonconfonnity in -the Rocky :Mountains, 

04, 65. 
Jura-Trias of the Plateau region, 138, 151,186. 

K. 

Kansas, topographic work in, 10, 11. 
g~ologic work in, 32, 39. 72. 
geologic features of, 314. 

Kansas City loess, 2i9, 280, 281. 282. 
Kentueky, topographic work in, 9, 10. 

geologic work in, 35, 36, 39. 
Ken, Mark B., work of, 15, 16, 60. 
Kettle Moraine. 259, 264, nos, 315. 
Keweenawan pebbles, 273. 
Keweenaw Point, 218. 
King, Clarence, or Laramie plants, 405,406. 

on tho age of tue Laramie Group, 405,406, 4!1, 
420, 427. 

on Green River coal beds, 411,412. 
on the nneonformabi!ity of Tertiary upon Lar­

amie strata, 411,412. 
first to use the term Laramie Group, 406. 

Knowlton, Frank H., aitl of, in museum, 85. 
Kiibel, E<lwar<l, work of, 17. 

L. 

La Crosse artesian well, 223.303. 
Lagoons along Atlantic coast, 370, 371. 
Laguna, geologic features near, 171,179, 
Lake Huron Valley, 318,319. 
Lake Koshkonong, 303,304. 

artesian well at, 223. 
Lake Michigan basin, 218,219, 
Lake !'fichignn clays, 250, 



564 INDEX. 

Lake Michigan Valley, 317, 318, 319, 320. 
Lake Pepin, geologic cbaracler of, 223, 232, 315. 
Lake Superior R1sin, 218,219. 
Lake Superior Division of Geology, 40-48. 
Lake Superior Valley, 318, 319, 3~0. 
Lane, Alfred C., aid of, in swamp measurements, 

390. 
Laramie, term as applied by Hague and by Em· 

mons, 422. 
Laramie age, Yegetation of the, 436. 
Laramie beds, 187, 188. 
Laramie formation, brackish water fossils in, 185, 

187. 
Laramie Group, flora of the, 399-557. 

localities embraced in, 405,441. 
first use of the term, 406. 
history of opinion regarding the, 406-433. 
as bounded by C. A. White, 425. 
nature and extent of the, 433. 

Laramie Hills, fire now in carbonaceous rocks of, 
518. 

Laramie plants, recent collection of, 536,537. 
Laramie sea, 430, 433, 434,437. 
Laramie, Senonian, and Eocene plants, table of 

distribution, 440-514. 
Laurentian formations, 220. 
Laurentian pebbles, 273 .. 
Laurinero of the Laramie Group, .'i~O. 521. 
Laurus primigeni~, Ung., 530, 553; Pl. XLVI, 

Figs. 8-10. 
Laurus resurgens, Sap., 553; Pl. XL VI, Fig. 7. 
Lead assays, 339-341. 
Lead cupcllatinn, 336, 338. 
Le Conte, Jobn L., on Cretaceous age of Smoky 

Hill Fork coal, 410,411. 
on fossil plants from .Raton Pass, 413. 

Leda clay, 372. 
Leffingwell, W. H , worl< of, 63. 
Leguminosites arachioides, Lx., 554; PI. XLIX, 

Fig.7. 
Leidy. See Meek and Leidy. 
Leidy, J., on Judith Rh·er deposits, 407, 408. 
Lemna scutata, Dawson, 540, 550; Pl. XXXII, 

Fi~:s. 4,5. 
Lesquereux, Leo, on the a.ge of the Laramie Group, 

413, 414,415,416,417.420, 4~6. 433, 440,441. 
Library of the Sun·ey, XXI, xxn, 9~. 
Lil(nitic, term abandoned by Hague an<! by Em· 

mons, 42~. 
Lind~:ren, ·waldemar, wotk of, 70. . 
Liriodenolron I,aramiense, Wan1,556; Pl. LX,Fig.l. 
Litharge, reduced by argo!, 346. 

reduced by charcoal, 347. 
Lits:oea Carbonensis, Ward, 553; l'l. XL VI, Fig. 

11. 
Little Colorado, 129,146. 
Loess, 231, 278-307. 

composition of, 245-248. 
size of particles of, 2J8-249. 

Loessl10rder of clrift.less area, 211. 
J,oew, Oscar, cited, 130. 
London day, fossil plants, table, 443-514. 
Lower Laramie, collection of fossil plants from, 

537-541. 
Lower magnesian limestone, 206, 220, 236, 252, 256. 
Lynn beach, 370. · 

M. 

McCarty's Station, geologic features near, 179. 
McGee, W J, administratiYc report, 25-32. 

article in Geological Magazine cite•l, 215. 
on loess of Iowa, 314. 

Magnoliacem of the Laramio Group, 521,527. 
Magnolia Hilgardiana, Lx., 529. 
Magnolia Lesleyana, Lx., 529. 
Magnolia pulchra, Warol, 556; Pl. LX, Figs. 2, 3. 
Maine, geologic work in, 36, 87. 
.Malpais, 128, 129. 
Manuelito, geologic features near, 137, 147. 
Map, general United States geologie, XV-XIX, 25, 

26, 27. 
local geologio, of New York, Pennsylvania. 

and New Jersey, 26. 
New York geologic, 27-29. 
geologic, of Texas, &c., 29. 

Maps, scale of, 3, 10, l1, 16, 25, 26, 28, 
New Jersey, 5. 
necessary for geologic study, 122. 

Marhle Caiion, 132. 
Marl>lehead Beach, 370. 

Marcou, J., geology of North America, 123. 
Marcou, J. B., wnrli. of, 74. 
Marine swamps, 3i4. 

rate of growth of, 376. 
!\fames Heersiennes of Gelimlen, 441. 
Marsh, 0. C., administrative report;, 71, i2. 

on the age of the Laramie Group, 412,413,422. 
423. -

Marsh areas between tho Hudson and Portland, 
389-398. 

Marshes, 20, 21. 
bow exclude sea from, 379. 
crops on, 387. 

Marshfield marshe•, 384,388. 
Martha's Vine~·ard, sun·eys of, 21. 

beach at, 370. 
hooks at, 371, 372. 
marshes at, 390. 

Marvin, C. F., aid of, 61. 
Marvine, .A.., on age of the "lignitic formation,,. 

416,417. 
Maryland, topographic work in, R, 10. 
Massachusetts, relations of, to Geological Survey,. 

XXVI, 4. 

area surveyed in the season, 3, 5. 
topographic work in, 4. 
geologic work in; 24, 36. 

Massachusetts Bay, ancient swamp remains in,_ 
373. 

Mauna Loa, 182. 
Mead, D. ,V., work of, 37. 

cite<l on elevation of Chippewa terraces, 308,. 
309. 

Meek, F. B., on Montana fossils, 49, 51. 
cite<! on shells of New Mexico,~~~. 
on subolivision of Cretaceous, 408. 
on tho age of the Laramie Group, 412, 41.i, 420,. 

421. 
oleath of, 424. 
on Rycbronism of fossils, 536. 

Meek and Bannister, olisco,·ery of Bitter Creek. 
Dinosaur by, 414, 415. · 
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Meek an<l Hayuen, on Upper Missouri geology, 
406. 

on Nebraska fossils, 407. 
on Tertiary of Upper Missouri, 408,409, 410. 

Meek and Leidy, on lignites, 407. 
Melville, W. H., work of, 70. 
Memphis gravels, 213. 
Mer de glace, 205, 210. 

Hudson's Bay, 319. 
Greenlaml, 320. 
Mississippi Valley, ancient, 322. 

Merriam, W. N., work of, 40-42,46,47. 
Mesas, 126, 127, 
Mesozoic Invertebrate Division, 72-74. 
Mesozoic strata of Plateau region, origin of, 186, 

187. 
Michigamme watersbell, 218. 
Michigan, geologie work iu, 42, 45. 
Micrometer measuring apparatus for silver analy· 

sis, 331-334. 
Microscope, quantitative determination of sih·er · 

by means of, 323-352. 
Migration and alteration of plant life, 532. 
Mineral Spring, Colo., geologic features near, 123, 

145, 146, 147. 
Mining Statistics Division, 88-93. 
Minnesota, geologic work in, 40--44, 74, 75. 

uriftless area in, 217. 
moraines in, 230. 
geological features of, 310, 314. 

Minnesota Valley, 317. 
Miocene, Fort Union Group, 413. 

unsafe assignment of Lower Laramie to, 530. 
Miocene fossil plants, table, 443-514. 
Miocene of the Plateau region, 190. 
Mississippi, geologic features of, 289. 
Mi•sissippi River, geologic channel of, 230. 
Mississippi Tertiary, species of J>lan ts common to 

it and the Laramie Group, 529. 
Mississippi Valley, capacity of, 257,258. 

<lriftlcss area of Upper, 199-322. 
Missouri, geologic work in, 10, 11, 39. 

geologic features, 290. 
Missouri-Kansas section, area sur\'eyeu in the 

season, 3, 11. 
Missouri Ri"er, lignite of the Upper, 406. 

descent of the, by geological party, 547, 518. 
geologic features along Upper, MS. 

Mogollon Mountains, 120: . 
Molluscan remains fon~<l associate<! with fossil 

plants on the Lower Yellowstone. 547. 
Monimiopsis amborrefo!ia, Sap., 553; Pl. XLVIT, 

Fig. 5. 
Monimiopeis fraterna, Sap., 553; Pl. XLVII, Fig. 6. 
Monoclines of the Plateau country, 118,142-153. 
Monocotyledones, fossil, table, 463-471. 

Jist of species illustrated, 550. 
Monocotyledons of the Laramie Group, 519. 
Monongahela Val!ey, in>estigations in, 30, 31. 
Monroe, Wis., geologic features near, 266,267. 
Montana, geologic work in, 48-53. 
Montana Division, 48-53. 
Moorhea<l, Annie S., work of, 81, 82, 94. 
Moraines of the Upper Mississippi, 259-277. 
Mountain ranges, origin of, 196,197. 
Mount Floyd, 119. 

. 
Mounts Boka, Pastello, and Promina., fossil plants 

of, table, 443-514. 
Mount Se!lgwick, 158, 159, 192. 
Mount Taylor and tho Zuni Plateau, 105-198, 
Mud-fiat•, 365,366, 368, 3(7. 
Mutlle furnace in silver aasaying, 336. 
Miiller, Bruno, work of, 83. 
Murrish, John, cited on lltiftlcss area, 205. 
Mussel Shell River, geologic features near, 518. 
Myalina foun!l near Fort Wingate, 134. 
Myrica Torreyi, L~ .• 551; Pl. XL, Fig. 4. 
Myrtacero of the Laramie Group, 521. 
Myrtophyllum cryptoneuron, Sap. & M"r., 531, 
My•tic inlet, 376. 

N. 

Nacimiento or Jemez Range, 130, 192, 193. 
Nantucket marshes, 390. 
Nantucket moraine, 215. 
Narragansett coal-field, 19, 20. 
Navajo Church, the, 149, 152. 
Navajos, sacred place of the, 130. 
Nebraska, geologic work in, 34, 39, 72. 

glacial features, 213. 
geologic features, 314, 317. 
lignite in, 406, 411. 
fos.•ils in, 407. 

"Necks,'l volcanic, defined, 167. 
Nell, Louis, work of, 8, 9. 
Nelson River,319. 
Newberry, J. S., explorations, 113, 

cited on geology of Plateau region, 123, 130, 
136, 138,167, 175. 

cited on Nacimiento or Jemez Range, 192, 
193. 

on Laramie plants, 405. 
on the age of the Laramie Group, 413, U5, 

416. 
Newburyport, swamps near, 381-384. 
New England coast swamps, 362-374. ~ 
New England Division of Geography, 4, 5, 

New Hampshire, geologic work in, 24. 
New Jersey, nrea snrveyetl during season, 3,6. 

maps of, 5, 7. 
relations of, to t.he Geological Suf\'ey, 5-7. 

New Mexico, gcolugic work in, 105-198. 
J>ettified wood in, 135. 
lignite in, 406,415. 
coal in, 410. 

New York, geologic work in, XXVI, 24, 74, 75. 
geologic ruap of, 27-29. 
investigations in, 32, 74. 

New Zealand, now in age of birds, 436. 
Nonglaciation, evidence of, 237-239. 
Nordenskjold, Baron, cited on ice of Greenland, 

319, 320, 3~1. 
North Amedca; geology of, by Jules Marcon, 

123. 
North Carolina, topographic work in, 9, 10. 

geologic work in, 24-87. ' 
Northern Pacific Railroad, geologic features 

ncar, 542-549. 
Nutria, geologic features at, 143, 144, 145, 153, 160. 
Nutria monocline, 130, 142-153. 
Nutria Spring, geologic features at, 143. 
NyssaBu!l<liana, Ward, 553; Pl. XLVII, Fig.7. 
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0. 

Ohio, geologic work in, 35, 36, 74, 75. 
geologic features of, 319. 

Ohio Valley, investigatiO!JA in, 30, 31. 
Oltl Forest Bed, 215. 
Oligocene .fossil plants, table, 443-514. 
Orange sand, 213, 231. 
Orcas Islands. See Vancouver. 
Oregon, geologic work in, 67, 73. 
Owen, D. D., cited on driftless area, 205. 

P. 

Pacific Division of Geology, 67-70. 
Paleobotany, divbion of, 81-85. 
Paleocene, plant-bearing localities of the, 441. 
Paleocene plants, table, 443-514. 
Paleozoic Invertebrate Division. 74-78. 
Paleozoic of Mississippi Valley, 242. 
Paleozoic of the Plateau region, 194. 
Paliurns Colomb!, Heer, 555; Pl. LII, Figs. 4-6. 
Paliurus Pealei, Ward, 555; Pl. LII, Figs. 8-10. 
Paliurus pulcherrima, Ward, 555; Pl. LII, Fig. 7. 
Palms of tho Laramie GrQup, 51!1, 520, 537, 538. 
Pa1 is Basin, fossil plants of the, table, 443-514. 
Pastello. See Mounts Bolca, &c. 
Patoot, fossil plants of, table, 440, 443-514. 
Paul, H. M. , consultation with, respecting earth­

quake observations, 61. 
Peace and Pine Rivers, fossil plants of, table, 440, 

443-514. 
Peale, A. C., work of, 49-53. 

on age of the Laramie Group, 420,425. 
Pearson, F. M., work of, 8, 9. 
Pebble borcler of driftless area, 259, 271, 313. 
Pebble distribution, 275. 
Pebble drift, 271-277. 
Pebbles classifiecl, 272, 273. 
Pecatonica Ri \'er, 218. 
Pennsylvania, geologic work in, xxvr, 25, 35, 74, 

75. 
Percival, James G., citecl on driftless area, 205. 
Permian series of the Plateau region, 129, 132, 134, 

135, 141,142, 143, 147, 148, 153, 184, 185, 189. 
Phrenogamia, fossil, table, 457-462. 
Pbragmites Alaskan a, Reer, 550; Pl. XXXII, 

Figs. 1-3. 
Pine River. See Peace and Pine Rivers, &c. 
Pistia corrugata, Lx., ~40, 544. 
Platanus, occurrence of, in the Laramie G!'oup, 

524, 525, 537, 545, 546. 
Platanus basilobata, Ward, 546, 552; Pl. XLII, 

Figs. 1-4, 4a; Pl. XLIII, Fig. 1. 
Platanus Gnillelmre, Giipp., 552; Pl. XLIV, Fig. I. 
Platanus Heerii, Lx., 534, 552; PI. XL, Figs. 8, 9. 
Platanns nobilis, Newby., 441, 546, 552; Pl. XLI, 

Fig. 1. 
Platanus Raynoldsii, Newby., 552; Pl. XLIV, 

Figs. 2, 3. 
Plateau country, thP, 3, 113-124. 

area surveyed in tho season, 3. 
fossiliferous _rocks of, 131, 132, 134, 138, 188. 
stratigraphy of the, 131-140. 
sandstones in, 132, 135, 136, 137, 138, 139, 148, 

150. 
limestones in, 133, 136. 

I 

I 

Plateau country, fossils of, 134, 136, 138, 185. 
silicified wood in, 134, 135, 184, 185. 
gypsum in, 137, 186. 
coal-beds in, 140, 185. 
Eocene of, ao. 
basalt in, 172. 
age of eruptions in, 177-182. 
marine deposits in, 184, 185. 
molluscan fossils of, 185. 

Plattner scale, 329, 331. 
Pliocene fossil plants, tahle, 443-514. 
Pliocene in Nebraska, 212. 
Plum Islan<l marsh, 37i, 381-384. 
Point of Rocks, fossil plauts from, 540. 
Point of Rocks beds, age of, 422. 

Polypetalro, fossil, table, 490-509. 
Polypetalre of the Laramie Group, 521. 
Pomeroy, Bowarcl N., death of, 15, 16 
Poncletl waters, deposits of, 262, 263. 
Ponding of glacial waters, 227, 262, 269, 290. 

·Populus, occurrence of, in tho Laramie Group, 438, 
439. 

Populus arnblyrhyncha, Ward, 550; PI. XXXIV, 
Figs. 5-9; Pl. XXXV, Figs. 1-6. 

Populus anomala, Ward, 550; Pl. XXXVI, Fig. 
5. 

Populus craspeclodroma, Ward, 550; PI. XXXVI, 
Fig. I. 

Populus cuneata, Newby., 550; Pl. XXXIII, Figs. 
5-11. 

Populus daphnogenoicles, Ward, 550; .Pl. XXXV, 
Figs. 7-9. 

Populus glandulifer>l, Heer, 550; Pl. XXXIII, 
Figs.1-4. 

l'opulus Grewiopsis, Ward, 550; Pl. XXXVI, 
Fig. 6. 

Populus bederoides, Ward, 550; Pl. XXXVI, 
.Fig. 3. 

Populus in33qualis,Ward, 550; Pl. XXXVI, Fig. 7. 1 

Populus monodon, Lx., 529. · 
·Populus oxyrhyncha,Ward, 550; Pl. XXXV, Figs. 

10, 11. 
Populus Richardson!, Heer, 550; PI. XXXVI, 

]'ig. 4. 
Populus speci~sa, Ward, 550; Pl. XXXIV, Figs. 

1-4. 
Populus White!, Ward, 550; Pl. XXXVI, Fig. 2. 
Port Buclson gravels, 213. 
Post-Cretaceous applied to Laramie, &c., 423, 424, 

425. . 

Potomac Valley, invest.igations in the; 3( 31. 
Powell, J. W., explorations, 118. 

cited on Western mountain degradation, 226. 
on tbe character of the Laramie sea, 421. 

Prairie du Chien artesian well. 2~3, 303. 
Preglacial degradation, 235, 
Prieta mesa, 166, 175. 
Prom ina. See Mounts Bolca, &c. 
Pterospermites cordatus, Ward, 556; Pl. LVI, 

Fig. 4. 
Ptcrospermites minor, Ward, 556; Pl. LVI, Figs. 

7-9. 
Plerospermites Whitei, Ward, 556; PI. LVI, Figs. 

5, 6. 
Publications of the Survey, xxn, xxm, 98-101. 
Pnerco Valley, 129,166,171,173,175,177. 
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Pumpelly, Raphael, work <Jf, XXIV, 18. 
Pyramid 'f alley sandstones, 137. 

Q. 

Quartzit~, Baraboo, 220, 228, 242, 
Quartzite drift, 272. 
Quaternary formations of the interior, table of, 

211-216. 
Quat'lrnary fossil plants, table, 443-514. 
Qnedlinlmrg, Creuumia beds of, HO. 
Quercus autiqua, Newby., 531. • 
Quercus bicornis, ''lard, 551; Pl. XXXVI, Fig. 8. 
Quercus Carbonensis, Waru, 5~1; Pl. XXXVII, 

:Fig.l. 
Quercus chlorophylla, Ung., 530. 
Quercus Den toni, Lx., 551; Pl. XXXVII, Fig. 2. 
Quercus Doljensis, Pilar, 551 ; Pl. XXXVI, Figs. 

9, 10. 
R. 

Raton Mountain fossil plants, 413, 443-514. 
Raton Poss. coal at, 410. 
Red Cedar Valley, 269. 
Red River of the North, 318,319. 
Red Wall Gr!>np, 13~, 183. 
Reglaciation, 314. 
Renshawe, Jolm H., work of, 14; 15. 

~ Residuary earths, physical characteristics,240-242. 
microscopic characteristics, 244-248. 

Residuary material, amount, 254-256. 
Residuary prmlucts from solution, 239-258. 
Revere beach, 3i0, 
Rbamnero of the Laramie Group, 521. 

• Rhamnus alaternoides, Beer, 530. 
Rhine loess particles, 279. 
Richter, Theodor, cited on tbe assay of silver 

ores, 329, 331. 
Riggs, R. B., analyses of clays by, 249, 250. 

analysis of loess by, 281, 2E2. 
Rio Grande region, 116,117,122. 

climate of, 125. 
Rock relics in drift region, 251-254. 
RQnk RinrValley, 223,234,264,303,304,310. 
Rockwood, C. G., consultation with, respecting 

earthquake observations, 61. 
Rocky Mountain coal, Cretaceous, 4!3. 
Rocky Mountain Division, 62-67. 
Rocky Mountain inland sea, 421, 433. 
Rocky Mount3.in•, 48-53,62-67,116, 117,195,196. 
ROminger1 C., aid of, 47. 
Rosaccre of the Laramie Group, 521. 
Rounds, S. P., ai<l of, XXIX. 

Russell, I. C., work of, 23, 24. 

s. 
Saba! Campbellii, Newby., 530, 537. 
Sabal Gray anus, Lx., 529. 
Sables do Brachcux, 441. 
Saint Vrain River, geologic formation at mouth 

of, 538. 
Salazar, geologic features near, 170, 1', 3. 
Salicinere of tbe Laramie Group, 520, 521. 
Salisbury, R. D., work of, 34, 3~. 

cited on driftless area, 205. 
to prepare bulletin on residuary materials, 240. 
and T. C. Chamberlin on driftless area of Up· 

per Mississippi Valley, 199-322. 

Salix integra, Giipp., 530. 
Salt, upward working, iu swamp lands, 388. 
Salt marsb, 365,366,367,368. 
Salt marshes, agricultural value of, 378. 
Salt marshes of New England, catalogue of, 390-

398. 
Salt water swamps, 361. 
Sand beaches, 370, 371. 
Sand hooks on coast, 371, 372. 
Sandy Hook, surveys at, 6, 7. 
San Francisco Mountains, 119, 120. 
Sangre de () risto Mountains, 117, 193. 
San Jose, geologic features near, 159. 
San Jose Valley, 127. 

lavas of, recent, 179-182. 
San Juan Mountains, 117, 120,193. 
San Juan Valley, explorations in, 124,140. 
San Luis Valley, 193. 
San Mateo monocline,151. 
San Rafael, geologic features near, 180. 
San ;Rafael swell, 121, 122, 192. 
Santa F6, geologic features near, 175. 
Sapindacerc of the Laramie Group, 521. 
Sapindus, fossil, 419, 545. 
Sapindus nffinis, Newby., 554; Pl. L, Figs. 2, 3. 
Sapindns alatus, Ward, 554; Pl. L, Figs. 9, 10. 
Sapindus angustifolius, Lx., 554; Pl. LT, Figs.1-3. 
Sapindus grandifoliolus, Ward, 545, 554; Pl. L, 

.Figs. 4-8. 
Saporta, Marquis, 526. 
Sapotacites reticulatus, Heer, 531. 
Saugus inlet and mm·shes, 369, 370, 376, 3i7. 
Saurian fossils discovered in Bitter Creek series, 

414. 
Sayles, Ira, work of, 24, 25. 
Schott, A. L., aid of, in museum, 85. 
Sea-coast swamps of the Eastern United States, 

preliminary report on, by N. S. Shaler, 353-
398. 

s~Jwyn, A. R. C., specimens from, 47, 76. 
Senonian, plant·bearing localities of the, 439, 440. 
Senonian plants, tabie of distribution of, 443-514. 
Sequoia biformis, Lx., 540, 550; Pl. XXXI, Figs. 

7-12. 
Sequoia Langsdortii, Brongn., 529, 531. 
Seven.Mile Creek, Montana, fossil plants collected 

on, 544, 545. 
Sezanne, plant bearing tra...-ertines of, 441. 
Shaler, N. S., appointment of, as Mas&achusetts 

commissioner, 4. 
administrative report, 18-22. 
glacial studies of, 39. 
preliminary report on sea.coast swamps of 

the Eastern United States by, 353-39~. 
Shaw, James, cited on driftless area, 205. 
Shinarump conglomerate, 134. 
Shumway, W. A., work of, 8, 9, 10. 
Shutt, George W., administrative report, 93. 
Sierra A ba.jo, 121. 
Sierra Carriso, 121. 
Sierra Chivoto, 169. 
Sierra El Late, 121. 
Sierra La Plata, 121. 

· Sierra T,a Sa I, 121. 
Silt,2ll. 

source of, 304, 305. 
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Silt. See, also, Loess. 
Silt-bottomed valleys, 226,227. 
Silt in La ramie sea, 434. 
Silt in swamp making, 360. 
Silver, quantitative determination of, by means 

of the microscope, 323--352. 
Silver assays, tables, 348~352. 
Silver-beads, calculation of, 342-345. 
Sluices, automatie, in reclaiming; marshes, 379. 
Smok.v Hill Fork roal oltlcr than Upper.M.issouri 

coal, 411. 
Snake River Valley, 171. 
Soissons. See Paleocene plants, table. 
South Table Mountain, Coloratlo, fossil plants 

from, 538. 
Southwestern Division of Geograpby, 10-14. 
Sparj!anium Stygium, Heer, ft!5, 550; Pl. XXXII, 

Figs.6, 7. ' 
Species of fossil plants illustrated, list of, 549-557. 
Sphroria, species of, from the Lararn'le Group, 518. 

Spiraxis bivalvis,Ward, 547, 549; Pl. XXXI, Fig. a: 
Squier, G. H., cited on driftless area, 205. 
Stearns, R. E. C., work of, 78-80. 
Sterculiacero of the Laramie Group, 521. 
Sterculia modesta, Sap., 529. 
Sterculia variabilis, Sap., 531. 

Stevenson, J. J., on the age of the Laramie Group, 
419, 4:!1. 

Stone, George H., work of, 36. 
Strong, Moses, citetl on drift.Jess area, 205. 

cited on geology of Wisconsin, 275,276, 316. 
Subsidence and ele\"ation of coast, 371, 372, 373. 
Subsidence in swamps from decay of vegetable 

matter, 388. 
Sugar Loaf at Winona, 233, 234. 
Surveys, history of .American State, 29. 
Swamp lands, value of, 388. 

Swamps, 20, 21. 
estuarine, fresh, and salt water, 361. 
agricultural utilization of, 376. · 
reclamation of, 376-380. 

Swamps of the eastern United States coast, 
353-398. 

"Swell" defined as a geologic term, 191. 
Synchronism of Laramie deposits, 432, 435. 
Synchronism vs. geographical distribution, 435, 

436, 437, 523-527, 
"Synclinal" inapplicable in Plateau region, 196. 

· Synopsis of the flora of the Laramie Group, 399-
557. -

T. 

Table of distribution of Laramie, Senonian, and 
Eocene plants, 443-514. 

explanation of, 440. 
discussion of, 515. 

Taxodiuin Europroum, Brongn., 530, 547 
Tennessee, topographic work in, 9, 10. 

geologic work in, 24, 25, 39. 
geologic features of, 289. 

Terrace epoch, 212, 215, 216. 
Terraces of glacial flood deposits, 308-311. 
Tertiary, .American, subdivided, 414. 
Tertiary of the Plateau region, 177. 
Tertiary vs. Cretaceous origin of Laramie beds, 

discussed, 406-433, 435, 538-536. 

Texas, area surveyed in the season, 3. 
topographic work in, 10, 12, 13. 
geologic sketch of, 29. 
geologic work in, 72, 75, 76. 

Thompson, .A. H., work of, 10-14. 
Thompson, GHbert, work of, 8, 16, GO. 
Ticlal aetion, in 'swamp making, 360, 366-368. 

in harbors, 374, 375. 
. Tidal mud flat formation due to animal and plant 

life, 374. 
Tides produced by ~rravitation, 373. 
Tilia l'ntiqua, Nt>wby., 546,556. 
Till, 212. 
Till-and-bowlder formation, 259,264-277. 

'l'intero, 180, 181. 
Todd, J. E., work of, 33, 34. 

cited on Pliocene in Nebraska, 212. 
cited on striation in Nebraska, 313. 

Toyalaue, 149. ~ 

Trapa microphylla, Lx., 540, 542, 544, 554; Pl. 
XLIX, Figs. 2-5. 

Trempealeau Ri\"er, 218, 227, 31()-. 
Triassic system- of Platean region, 135-137, 148, 

157. 
Turkey River Valley, 310. 
Tumer, H. W., work of, 67, 70. 

u. 

Uinta Mountains, 115, 188. 
Ulmus minima, Ward, 552; Pl. XL VI, Figs. 3, 4. 
Ulmus orbicularis, Ward, 553; I'l. XL VI, Fig. 6. 
Ulmfis. planeroides, Ward, 552; Pl. XLVr, Figs. 

1, 2. 
Ulmus rhamnifolia, Ward, 552; Pl. XLVI, Fitr. 5. 
Union Pacific Railroad, coal on, 538, 539, 541. 
United States, area auneyed by Geological Sur-

vey in 1885, xv. 
geologic map of, XVI-XIX. 

organization of the Geological Survey of the, 
XIX-XXII, XXIII-XXV. 

table of min em! products of, 89-92. 
United States Coast and Geodetic Survey, aid 

of, 9. 
Unitecl States Signal Service, aid of, 9. 
Upham, ·warren, glacial studies of, 39. 
Upper Mississippi Valley, driftless area of the, 

199-322. 
sandstone of the, 2S6. 
limestone of the, 256, 267. 

fossils in loess of the, 285, 286. 
Upper Missouri River region, coal and lignite of 

tho, 406. 
history of geological discovery in the, 406. 

Urticacero of the Laramie Group, 520, 521. 
Utah, geologic work in, 71. 

Utah coal, Cretaceous, 413. 
Utah Division, 71. 

v. 
Valleys, fiat bottomed, 226. 

silt bottomed, 226, 227. 
lonl!itudinal profile of, 228, 

Valleys of simple erosion, 225. 

Valleys of tho Mississippi and the Wisconsin, 
capacity of, 257, 258. 

' 
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Valley sculpture, 230-239. 
Vanoou-..er and Orcas Islands, fossil plants, table, 

440, 443-514. 
Van Ilise, C. R., work of, 40, 44, 45, 46. 

cited on mineral identificati~n, 245, 253. 
Vascular cryptogams (Vaseulares), fossil, table, 

448-4:;6. 
Vegetable matter in swamps tested, 378, 379. 
Vegetal deposits in drift, 212, 264, 314. 
Vermilion Cliff, 148. 
Vermont, geologic work in, 74, 75. 
Vertebrate paleontology, division of. 71-72. 
Viburnum, occurrence of, in t.he LuraUlie Group, 

439, 524, 5~6. 546, 54 7. 
Viburnum aspernm, Newby., 54 7, 557; Pl. LXIV, 

Figs. 4-9. 
Viburnum betnlmfolium, Ward, 557; Pl. LXV, 

Fi~:. 7. 
Vibumum clongatum, Ward, 557; Pl. LXIII, 

Figs. 8, 9. ' 
Viburnum erectum, Ward, 557; Pl. LXIV, Fig. 3. 
Viburnum finale, Ward, 557; Pl. LXV, Fig. 8. 
Viburnum limpidum, Ward, 556; Pl. LXIII, 

Figs. 1-4. 
Viburnum macrodontum, Ward, 556; Pl. LXII, 

Fig. 10. 
Viburnum Newberrianum, Ward, 547, 557; Pl. 

LXIV, Figs. 10-12; Pl. LXV, Fi):s. l-3. 
Viburnum Nordenskjoldi, Heer, 557; Pl. LXV, 

Figs. 4-6. 
Viburnum oppositinerve, Ward, 557; Pl. LXIV, 

Figs. 1, 2. 

Viburnumperfectum, Ward, 556; Pl. LXII, Figs. 
7-9. 

Viburnum perplexum,Ward, 557; Pl. LXliLF1gs. 
6, 7. 

Viburnum tilioides, Ward, 556; Pl. LXI, Figs. 1-7; 
Pl. LXli, Figs. 1-6. 

Viburnum Whymperi, Heer, 557; Pl. J,XIII, 
Fig. 5. 

Vicksburg gravels, 213. 
Vicksburg loess, 279, 280, 281,282. 
Virginia, topographio work in, 8, 10. 

geologic work in, 24, 31, 85, 86, 93, 
Vitis Bruneri, Ward, 554; Pl. J,I, Figs. 4, 5. 
Vilis Carbonensis, Wa.rd, 554; Pl. LT, Fig. 6. 

Vitis cnspidata, Ward, 55i; Pl. LI, Figs. 9-11. 
:Vitia Xantholithensis,Ward, 554; Pl. LI, Figs. 7, 8. 
Volcanic Division, 59-62. 

w. 
Walcott, C. D., identification of Montana fossils, 

51. 
adruinistrati"<"e report, 74-78. 

cited on fossils of Plateau region, 13~. 
on fossils of the Grand Canon, J83. 

Walker, Francis A., appointment of, as Massa· 
chusetts commissioner, 4. ~ 

Ward. Lester F., administrative report, 81-85. 
synopsis of tbe flora of the Laramie Group, 

399-557. 
Warren, G. K., cited on Mississippi River, 223, 

232, 233. 
cited on Lake Pepin, 315. 

Wasatch. Mountain formation, 194, 195. 

W3tershedsof tho Upper Mississippi, 218,234. 
Wave action, on shores, 363...368 

in harbors, 374. 

Waves pr01lucOtl by solar heat, 373. 
Wells as tests of depth of <!_rift, 207,223,255,264, 

301,303. 
West Kaibab fault, l'l4. 
·westphalia, Cretaceous plant beds of, 440. 

fossil plants of, table, 443-514. 
West Virginia, topographic work in, 8, 9,10. 

geologic work in, 24, 25, 31, 36, 93. 
Wheeler, Lieut. G. Jlf., expedition of, 124, 130, 140, 

143. 
Whipple, Lieut. A. W ., expedition ot; 123. 
White, C . .A., work of, 67-70. 

administrativo report., 72-74. 
oited on Mesozoic shells, 184. 
cited on driftless ar9a, 205. 
cite<l on striation in Iowa. 313. 
on geology of lignite forruat10u, 421, 422. 
contributions to geologic determination of 

Lammio bed•, 42.1, 422, 423, 424, 425, 4~7-433. 
applies term Post-Cretaoeousto Laramie, &c., 

423. 
services in invortebrate paleontology, 424. 
bounds Laramie Group, 425. 
reports on Laramie Group quoted, 427-431,432, 

436. 
oxtencls Laramie Group to Mexico, 432. 
reply to .A.. Geikie on Laramie fossils, 432. 
on the Laramie sea, 434. 
identification of Laramie shells by. 547. 

White, I. C., work of, 24, 25. 
Whiting, H. L., appointment of, as Massachusetts 

commissioner, 4. 
Whitney, .J.D., cited on ice notion, 2UO. 
·williams, Albert, jr., administrative report, 88-93. 
Williams, George H., work of, 31. 
Williams, H. S., work of, 75. 
Willis, Bailey, work of, XXV, 24. 
Wilson, H. M .. work of, 14. 
Winchell, N: H., cited on geology of Minnesota., 

273, 284. 
cited on driftless area, 312, 314, 316. 

Wingate sandstone, 137, 146, 150, 157. 
Wisconsin, investigations in, 31, 32, 37, 38. 

geologic work Jn. 74, 75. 
driftless area of, 205, 217. • 

geologic features of, 252, 2~0. 270, 313. 
loess in, 285, 286. 

Wisconsin River dells, 229, 230. 
Wisconsin River Valley, 206, 218, 227,232, 308, 310, 

capacity of, 257, 258. 
Wolf, J. E., collection of loess particles hy, 280. 
Woodward, R. S., work of, 11. 

on glacial phenomena, 291-298. 
Wright, G. F., work of, 35, 36. 
Wyoming, geologia work in, 71,-72. 

lignite in, 406, 414, 415. 
coal in, 410. 

Y. 

Yeates, C. M., work o·f, 8, 9. 

Yellowstone Division of Geography, 14, 15. 
Yellowstone lignite, 406, 408. 
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Yellowstone Park, area surveyed in the season, 3. 
Yellowstone Park Di¥ision of Geology, 51, 59. 
Yellowstone River, fossil plants collected on, 5!2-

549. 

z. 

Zamiostrobus mirabilis, Lx., 519, 524. 
Zantlia range define<!, 125. ' 
Zizyphus cinnamomoides, Lx., 551; Pl. LII, Fig. 3. 

0 

Zizyphus Meekii, Lx., 554; Pl. LII, l<'igs. I, 2. 
Zizyphus serrulata, Ward, 554; Pl. LI, Figs. 14, 

15. 
Zumbro River Valley, 262, 310. 
Zuiii, geologic formations near, 137,145,147,160. 
Zuiii Caiion, 156, 158, iUO, 163. 
Zuiii Plateau, C. E. Dutton on, 105-1 
Zuiii River, 146. 
Zufii sandstone, 146, 157. 
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