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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UniTED STATES GEOLOGICAL SURVEY,
Washington, D. C., July 31, 1885.
S1r: 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,

Director.

Hon. L. Q. C. LaMag,
 Secretary of the Interior.
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SIXTH ANNUAL REPORT

OF THE

UNITED STATES GEOLOGICAL SURVEY.

By J. W. PowtLL, Director.

TOPOGRAPHY.

During the fiscal year just closed fair progress has been
made in the topographic survey of the United States. An area

of 57,608 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 surveyed by the United States Geological Survey.!

Saalof pub- | Az (sare
Massachusetts - ..oouevoeeveeeecaen enseieaneaanis 1: 62500 1,250
New Jersey ..o i meier et ia cee it e 1: 62500 1,268
Appalachian region . ... coion i iiiiiiiiensiaae 1: 125000 17,640
Missouri-Kansas ....ceimene ciiniacane ceeaceainnanan 1: 125000 13, 600
B3 T 1: 125000 4,000
Plateau region ... ... . .o ..ol 1: 250000 15, 000
Yellowstone Park .. ... .o oo 1: 125000 1,000
Northern California ..voccove e i innaer oL, 1: 250000 3,750

Tobal ..o e e e 57,508

1A map, Plate I, exhibiting the arcas sui'veyed, 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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XVl 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 economic. 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 of
prime importance that the survey should be conducted with
the utmost regard to economy.

2. 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; in the study of the regimen
of rivers; in the study of the great subject of irrigation; in the
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 of lands for agricultural purposes; and in the lay-
ing out of highways, railroads, and canals. The maps will also
be of prlme importance for strategic and administrative pur-
- poses in the event of war. The uses for topographic maps !
when once constructed are very many, but thexje 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 of
the civil engineer, the agriculturist, the military engineer, and
the naturalist; and it is believed that a topographic survey has' g
been inaugurated which will meet all practical wants. l

1'
I



REPORT OF THE DIRECTOR. XVII

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 meet 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 codrdinates 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,
s0 that the railroad surface of the country can be determined
therefrom with all the accuracy necessary for the most refined
‘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 ‘



XVIII REPORT OF THE DIRECTOKR.

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 differ-
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. The
considerations governing the scale are, first, present or pro-
spective density of settlement; second, economic importance ;
third, complexity of geologic phenomena; fourth, degree of
detail in topographic features.

The map is constructed in contours, with vertical inter V?le of
10, 20, 50, 100, and 200 feet, varying with the scale of the
map and the magnitude of relief features. The scale best
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. - A

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 square degree 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 latitude 40 and
west of longitude 100. The two-mile sheets are designated in
the same way, with the addition of the further description
“RE. 17 “NE. 1,7 “SW. 4,” “NW. 4,” 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 the addition of the proper fractional designations, such as
“SE. 1 of the SE. 1,” ete.

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, the 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 O. C. Marsh is
in charge.

2. There is a laboratory of invertebrate paleontology of
Quaternary age, with a corps of paleontologists; 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 field. They -
also supplement the work of the field geologists by making:
special collections in important districts and at critical hori-
zons, but the paleontologists are not held responsible for areal'
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and structural geology on the one band 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
corps of men engaged in certain physical researches of prime
importance to geologic philosophy. These 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 are 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, ete. As
" large numbers of the reports of the Survey are published, this
plan is demanded for economic reasons; but there is another
consideration believed to be of still greater importance: illus-
trations made on stone cannot be used 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 illustrations 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 ¢an 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
-
PUBLICATIONS.

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 distinet 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,
andare 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 published; the fifth
is now in type and ready to be put to press.

The Bulletins of the Survey are short papers, and thzough
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. Thirteen bulletins have
been published, nine are ready to be put to press, and two
are in the hands of the printel in manuscript. The bulletins
already published vary in size from 5 to 325 pages each. They
are sold at the cost of press-work and paper, and 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 sale and exchange by the Geological
Survey. )

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 monographs, with two
atlases, have been issued; five monographs, with two atlases, -
are in press. - One thousand nine hundred copies of each
monograph are distributed by Congress; 3,000 are held for
sale and exchange by the Survey at the .cost of press-work,
paper, and binding. They vary in price from $1.05 to.$11.

The chiefs of divisions supervise the publications that origi-
nate in their several corps. The general editorial supervision
is exercised by the chief clerk of the Survey, Mr. James C.
Pilling ' ‘ N

| 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 thesaurus 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 strictly geographic apportionment was
not deemed wise, from the fact that an unscientific division of
labor would 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 corps 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.

Seconda, a division of volcanic geology is organized, and
Capt. Clarence 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 not only all rocks of Archean age, but all metamorphic
crystalline schists, of whatever age they may be found. 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 is in the Lake Superior region. It is not
proposed at present to undertake the study of the crystalline
schists 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,
but 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. 'Two 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
studying various mining districts in that State, including silver,
gold,iron,and coal areas. Eachdivision has a corpsof 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 employés 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 reputation, 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 Commission on
special examination, the papers for which ‘are prepared in the
Greological Survey. About one-half of the employés, how-
ever, are temporary, being engaged for services lasting for a few
days or a few months only, largely in the field, and coming
under 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 Director is responsible for the
selection of the employds, 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 Director’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-operates 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 Government
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
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surveys should be established in all of the States and Territo-
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 may 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
research is shown by the statesmen of the country. Questions
relating to immediately economic values are asked, as they
should be; but questions 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 aﬁ"ectmg all’
the 1ndustr1es 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 I 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 J
severed from the laboratories.
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FINANCIAL STATEMENT.

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

Salaries,

Geological | office of Geo-| Total ap-
Survey. logical Sur- | propriation.

vey.

Amounts appropriated. .......cecevieiiiiiiifiiinneiiaaian, $453, 700 00 $35, 840 00 $489, 040 00

Amounts expended, classified as follows:
Expenses.
A SOrviCes «.cocuiiiiieaiiietiaac e $286,304 18
B.—Traveling eXpenses ......-veevieereann.. 32,200 25 |...
C.—Transportation of property............. 8,200 76 |.
D.—Field subsistence .......ccveniieninannns 14,764 64 |...
E.—Field supplies and expenses ............ 21,222 04 |...
F.—Field material ....cocceamrvovenan oo . 20,519 60 ...
G.—~Instruments .............. 11,772 88 |..
H.—Laboratory material -..... 7,767 86 |...
I.—Photographic material .. 6,194 65 |..
K. —Books and maps . ......c.camcerirainannns 10,274 04 |..
L.—Stationery and drawing material........ 4,229 67
M.—Illastrations for reports................. 3,172 60
N.~Officorents «o.oeccuerereavnrranennncnan 1,929 62
Q.—Office furniture ............ocoeooivunnn. 10,930 27 .
P.—Office supplies and repairs .............. 6,104 38 |.ooicvecirenfemrennacacnecs]anrannaeaaa..
Q. —Storage ..........ciieiiiiireiieaaas 21
R.—Correspondence .........ccceeeeenronnon. B A (e

S.—Bonded railroad accounts: Freight,
$206.54; transportation of assistants,

$2,270.88. e iiaaees 2, 576 42
449,823 25
Salaries. .
Wt ) LT SRR PP I 85,174 50 484, 996 75
Balance unexpended. ......covvieemeeniiacncifvaniaaiia.an. 3,877 75 165 50 4,043 25
Probable amount required to meet outstand- .
ing liabilities ...l B, 87T 75 |ceevcarninnn. 3,877 15

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.

The Survey is deeply indebted to the Public Printer, the
Hon. 8. 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. To 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 therefrom.
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ADMINISTRATIVE REPORTS.

REPORT OF MR. HENRY GANNETT.

UNITED STATES GEOLOGICAL SURVEY,
DI1vVISION OF GEOGRAPHY, «~
Washington, June 30, 1885,
Sir: During the year topographic work has been carried on in all
the fields occupied during the previcus 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 southwest plateau region has 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 :

Seale of Area,

Area, publica- square

tion. miles.
Magsachusetts .. ... ceiiiiieiieeie i iiiiiteiiecimmaseaciareeaaaamaaan 1:62500 1, 250
NOW JOrBOY ... ievnancaecao et cnraceanacansnssse vosrooasnassrasacssnoanns 1: 62500 1, 268
Appalachian region ......ooiiomaa i i iiirvee i irrareee e 1:125000 ' 17,640
MigS0UT - K aANSAS . o oo it iiiaaiaeiantarssasateaanarresanantanasnnnene 1:125000 13, 600
B 1:125000 4, 600
PLALOAN TOZIOM. « <« v mnnns eenvmnmeeeeememeeimeeemeeaemenam e e enean aeem e eens 1:250000 | 15,000
Yellowstone Park oo i iiees ciiacicaaacoseaceaaiaaassenanas 1:125000 1, 000
Northern Californid. c oo comeeceicnanreerarenseannsmracenemaancasammenmasnas 1: 250000 3,750
57,508

The average cost of all the work done has been abouf $3 pér square
mile.
. 3



4 ADMINISTRATIVE REPORTS BY
NEW ENGLAND DIVISION.

During the spring of 1884 the legislature of Massachusetts passed an
act appropriating $40,000, which 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. 8. Shaler, of Harvard 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 be accepted or rejected by the commission. In
accordance with the result 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 year 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 triangulation 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. Jeunings, assistant topographer, and one field assistant,
By this party, work was carried on until the latter part of November,
when field-work in this area 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 surveys and
running level lines in the valley of the Housatonic.

Shortly after the retiirn 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

smrroundings. 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
assistants, 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. H. Phillips, and two rodmen, undertook the
survey of the northern portion of Bristel County, in the southeastern
part of the State. The ofher party was in charge of Mr. J. D. Hoff-
-mann, and to him were detailed Messrs. D. J. Howell, Felix Freyhold,
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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 sketch, Plate I'V,
Duritg the winter Messrs. Karl, Bodfish, and Hoffmann, with such
- of their assistants as were retained, have been in Washington engaged
upbn the work of finishing their maps, making transeripts 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 rodmen, were placed under his orders, forming
a large and effective working party. By the middle of May he 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 was assumed by the United States
Geological Survey. A brief sketch of the work done by the State prior
to that date will be instructive in connection with a statement of its
progress during the past fiscal year. 7

Work done by the State Geological Survey.—The topographical survey
of New Jersey was begun under the direction of the board of managers
of the 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 746G square miles
were surveyed. The maps were drawn on a scale ot 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
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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. Verimeule, 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 to 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 accompaunying key-map (Plate
No.V)shows the locations and numbers of the several topographic maps.
Maps Nos. 3,4,and 7 were printed at the end of 1883; Nos.2,6,and 16 were
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
rugged part of the'State wasincluded in the surveyed area. The accom.
panying sketch-map shows the area surveyed 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. C. 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 in 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 members 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. I. Marvin began running primary lines of levels from Sandy Hook
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. C. 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 tothe accompanying key-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 is one-quarter of a degree of latitude in its
length and 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 4,616 square miles have been surveyed, leaving 2,960
square miles unsurveyed. ‘

The methods of work pursued give very 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 United 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 surveys are adjusted so
nearly that no appreciable error can be detected 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 referred,
is that of mean tide at Sandy Hook. Substantial, permanent,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 records, to which refer-
ence may be had in future time in determining whether there is any
change in the relative heights of the land and the sea.

APPALACHIAN DIVISION.

The necessity for a larger scdle 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 to 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, was transferred to the east and placed in charge
of the Appalachian division. The latter was organized with one tri-
angulation party, under Mr. 8. 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. M. 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 westérn North Carolina and in the valley of
East Tennessee. During the season he occupied 19 statiouns, 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 fn 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 Cumberland, and
left for the field, with his party fully organized, on July 16. His party
consisted, besides bimself, of Messrs. L. C. Fletcher and Merrill 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, Hampshlre, Preston, Tucker,
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 remained in the
field until December 9, with one assistant, for the purpose of closing
up the triangulation.

. The party of Mr. Bien consisted, beudes 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-
ginia. He completed an area -of 2,920 square iles, 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. C. 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 Cum-
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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 party during
the season was 3,250 square miles, comprised in the counties of Letcher,
Knozx, Floyd, Pike, and Martin, in Kentucky; and in Wyoming and
MecDowell Counties, in West Virginia. The party disbanded early in
December. Mr. Shumway remained in the field a short time thereafter
and Mr, Wakefield until the 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: M¢Minn, Monroe, Loudon, Blount, Sevier, Cocke,
Green, Washington, and Unicoi, 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. 3. 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, Swain, 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. It disbanded at Charleston, North
Carolina, November 27,

The party under Mr. Nell comprised besides himself Mr. R. M. Tow-
son, assistant topograpler, 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 Mr. 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; and Dade, Walker, Cbattooga, IFloyd, and Polk, in Georgia,
comprising-an area of 3,000 sqnare miles. The party was disbanded at
Chattanooga, Tenuessee, on November 24,

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

Through the co-operation of the United States Signal Service, the ob-
servations at their stations at Knoxville 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. o

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 be re-
membered pot 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 all 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 tield and office work averages about $3

‘& square mile.

The work has been done with a view to publication upon a scale of
1:125000, or about 2 wiles to an inch, in contours 100 feet apart. The
total area surveyed in this field, since the inception of work there, is
35,380 square miles. This is distributed as follows among the States
Iying in this region:

Square miles. | Square miles.

Alabama . coeos veicic i 2,080 1 North Caroling « e.oececeeeanan.- 5, 930
Georgia .-... .. S SR 1,370 || Tennessee «...xeeeccn e ceneei.- 8,070
Kentucky..ooc. ool 1,420 || Virginia . coooovviiian tiani it 7, 360
- Maryland ...l 1,150 || West Virginia.......cooooooian... 8, 000

During the winter the work of the preceding field season has been
plotted up, aud, 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. 8. S. Gannett, topogra-
pher, was sent into the field for the purpose of completing the triangu-
lation in the lower part of the valley 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. The 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 acecuracy 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 these sur-
veys, by supplying the missing drainage wherever it appeared to be
necessary, and by adding the vertical element the resulting maps would
be fully up to the proposed scale in point of accuracy and detail. This
conclusion was not arrived at hastily, but was reached after 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. Forcarrying 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 vhe control and correction of the surveys of the General Land
Office it was decided tentatively to use astronomic locations, and for
the purpose of making these determinations Prof. R. 8. Woodward, 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 :

o " o 1
Elk Falls, Kansas .............c.... eeet i enae e 37 22 03.64 96 11 09.37
Oswego, R 37 09 59.81 95 06 19.95
Fort Scott, ¢ ool 3750 25,76 94 42 21.06
Springfield, Missouri ... .....ooooieaiiavaoiooo..0 37 13:15.96 93 17 12.37
Bolivar, i et e ieaeaneaevecs e aaen.. 37 36 35,22 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 93°—379, and 94°—37°, comprising an area little less than 8,000
square miles, and Mr. Peters the entire square degree 95°—37° and
nearly half of 960—370, being an area of 5,600 square miles. The cost
of this work in both the ficld 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 very slight, so small in-
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deed that the system of control 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, of Mr. E. M. Douglas, topographer.
Three parties were organized : one for triangulation, under Mr. Douglas’s
+ immediatecharge, 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 fifst ronghly 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 the 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 bad dis-
banded, the base was accurately measured with four-meter bars.

The apparatus used 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 north of where
the Austin and Bastrop road crosses and about 9 miles from Austin, the
line runs.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 bank of Onion Creek. 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; after 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 east end, was then caleulated from this twice-
measured line by means of a system of triangulation, the resulting
length being 0.174 meter (about 25.8) less than 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 in April, 1885,
the mean difference in the lengths of the bars as determmed by these
comparisons amounting to .000018 meter.

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

Mr. Douglas occupied during the seagon 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—
379, all that part of 1100—370 and 1110— 36° lying east of the Colorado
Rlver the southern half of 1130— 359, the southern and western three-
fourths of 114°— 350, and the western half of 1146—-36° being the areas
to be surveyed. In addition to this, the triangulation over the area
surveyed during the previons 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 was 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 a.nd 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°—36° was
effected mainly by Mr. Baldwin.

To the party under Mr. H. M, Wilson, topographer, was assigned the

-trianguiation and survey of the unfinished portions of sheets 1130—350;
1149359, and 114°—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 sonthward and westward..
Fof 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 pOlDtb
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 sarveyed by this section was 15,000 square miles, of
which 5,000 are to be credited to Messrs. Holman and Baldwin, 3,000
to Mr. Baldwin alone, and 7,000 to Mr. Wilson, exclusive of the San Fran-
ciscomap. This work has been done, as heretofore, with 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 party was broken
up in the middle of December, while Mr. Wilson’s party reached Kanab,
Utah, having completed their work, on December 7, after which he was
obliged to travel overland, through the snow, to Fort Wingate, New
Mexico, where he dlsbanded the journey occupying twenty-two days.
Mr., Davis’ party remained in the field for the purpose of completing their
triangulation until early in March, having been delayed very greatly
by heavy snows after the opening of winter.

YELLOWSTONE DIVISION.

This work has been in charge of Mr. John 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 triangnlation 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 @
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 resuming 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, léss 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 he remained
until the close of the season. Meantime his party wasin 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 I'lat 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. The area sur-
veyed during this season comprises about 1,000 square miles.

During September snow-storms began to e prevalent in the Park,
and early in October the party gave up work, disbanded, and returned
to Washington. During the winter the triangulation was reduced and
the field work plotted up, and during the spring the members of this
division were engaged in compiling and revising the sheets of the Hay-
den survey in Colorado preparatory to having them engraved.

CALIFORNIA DIVISION.

Mr. Gilbert Thompson, geographer, having been detailed to the
charge of the Appalachian Division, the work in northern California was
placed in immediate charge of Mr. Mark B. Kerr, topographer, with
the understanding that Mr. Thompson was to continue to exercise gen-
eral supervision. Messrs. Engene 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 publication, upon a scale of 1:250000, in con-

* tours 200 feet apart, and the other, under Mr. Ricksecker, to make
a map of Mount Shasta and its immediate surroundings, upoun 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 Bluff, 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, embracing the
mountain, of about 400 square miles. The work was done with the
plane table, upon a scale of 1:20000, and contours were drawn at verti-
cal intervals of 100 feet. .

T regret to record the death of Mr. Ricksecker’s assistant, Mr. Howard
N-Pomeroy, assistant topographer, who was killed by the accidental |
discharge of his rifle on August 25th while engaged upon his work., It"

s
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appears that Mr. Pomeroy was alone, and was at the moment leading
his muie 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 of San Francisc¢o, 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 he was engaged.

Mr. Xerr’s party left Red 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 considerably 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 countrylying
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 Steamboat 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 an area of 1 mile by 14, also nupon a field scale of
800 feet to an inch; third, the Great Western district, comprising a
similar area upon the same scale. ,

The 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 table. The parties completed field work and reported in
‘Washington shortly before the close of the calendar year.

DISTRICT OF COLUMBIA.

.Barly in May of the present 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 latitudes
38© 45’ and 39° and longitudes 76° 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, 8. J. Wilson, and several rod-
men. Work was commenced in the southwestern part of the area and
is being prosecuted rapidly. ‘ :
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DRAUGHTING DIVISION.

The dranghting division 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 large 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; transeripts 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
has 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 up 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,
HENRY GANNETT,
Chict Geographer.

Hon. J. W. PowELL,

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

6 GEOL——2
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REPORT OF PROF. RAPHAEL PUMPELLY.

UNITED STATES GEOLOGICAL SURVEY,
ARCHEAN DIVISION,
Washington, D. C., July 1, 1885,

S1r: I have the honor to submit the following report of my division
during the past year.

The division was organized during the summer 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 office
force through the winter and spring. Much valuable new matter has
been added, and I hope soon to have the whole manuseript 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 cheinical 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 geological 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. C.

REPORT OF PROF. N. S. SHALER.

UNITED STATES GEOLOGICAL SURVEY,
ATLANTIC COAST DIVISION,
Cambridge, Mass., June 30, 1885,
S1r: 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 mostimportant results of thisinquiry 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 the Cobscook Bay district was not extended beyond the stage
of a preliminary reconnaissance for the reason that there is as yet no
trustworthy map of the distriet 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 which 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 distriet 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 coal-beds of workable thickness which underlie a large
area. The coalis exceedingly anthracitic, but careful experiments show
that it has a heat-giving power which is about equal to 80 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 ¢crunmpling 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 nct 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 in smelting iron and copper. Itis
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 valuable, 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 large 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 be easy, and in view of the importance

. of the problem inexpensive, to secure in this way a sufficient acquaint-

ance with these Carboniferous 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 district 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. Ifis

not likely that, from the 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 delayed
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 desirable 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 given 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 mouth 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, includingin 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 arvea of high-
lying lands in this country. With few exceptions, such districts have
all the elements 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 these 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 the data necessary for his special work.

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

The studies on Martha’s Vineyard, though as yef 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 for pottery use. It seems possible that there may be some use-
tul 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 afford a source of phos-
phatic manures. : ¢

Certain 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.

This interesting section of the Gay 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 any 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,
N. S. SHALER,
Assistant United States Geological Survey.

Hon. J. W, POWELL,
Director of the United States Geological Survey, Washington, D. C.

REPORT OF MR. G. K. GILBERT.

UNITED STATES GEOLOGICAL SURVEY,
APPALACHIAN DIVISION,
Washington, D. C., July 1, 188b.
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 two fields, in the first of which investigation has been terminated,
while in the second a new work is being organized.

DIVISION OF THE GREAT 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 has been the preparation of final reports on its work.
An essay by myself on the topographic features of lake shores was
"submitted a year 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. For this purpose, Mr,
L C. Russell visited 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 has
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-
eount 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
gives a systematic list of the shells heretofore discovered, describes a
new species and two varieties, and discusses the caunse of the depau-
peration of the Quaternary shells.

Prof. Edward 8. Dana has likewise completed his investigation of the
calcareous pseudomorph called thinolite, which has attracted so much
attention 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 diseuss at length the relation of that history to the
glacial epoch. ]

The maps necessary for the illustration of the Lahontan and Mono
areas have been drawn by Mr, Willard D. Johnson, who had previously
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. I re-
luctantly yield him to the geographic division,

APPALACHIAN DIVISION OF GEOLOGY.

The new field of investigation assigned me is the general geology ¢
the Appalachian Mountains, a work differing from my last not only i
its character but in the fact that it already possesses a copious litera

Ting, .
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ture. 1t 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 had
been engaged in independent work falling within its topiecal and geo-
graphie limits, and these have by your direction reported to me for
duty. Mr. Ira Sayles was attached to my corps in July, 1884, Mr.
H. R. Geiger and Prof. I. C. White in Angust. Mr. Bailey Willis, who
had been occupied with special investigations in Dakota, was aésigned
to the division in April, 1885, and Mr. I. C. Russell, who has 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, and 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 Knozville, 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 distriet 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 east 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 2 new district,
and he has been engaged up 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 Bast Tennessee. Near the end of April, 1885, he
resumed work in a contignous district, and he is still in the field. The
interval was oceupied with office duties, chiefly the elaboration of his
notes and the preparation of his collections for installation 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,
G. K. GILBERT,
i Geologist.

Hon. J. W. PowrLL,

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

REPORT OF MR. W J M'GEE.

UNITED STATES GEOLOGICAL SURVEY,
Washington, D. C., June 30, 1885.

S1R: 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
continnation 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 IT 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 and ex-
pensive. Accordingly the eartography is so fine that the lithographer,
unaccustomed to such refinement, had diffieculty and spent several
montls 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
rapher. 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 use in this 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 scale 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 deseribed in a succeeding paragraph, and (3) an exposé 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
have been accumulated.

Meantime, the manuseript 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 seale 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 which geologic structure
and relation are typically exhibited for usé in testing different carto-
graphic schemes. A tract in northeastern Pennsylvania, southeastern
New York, and northern New Jersey (lat. 40° 30/ to 4£1© 22/, long. 73°
30/ to 780 30’; 60 by 255 miles) was finally chosen for this purpose.
‘Within this tract are comprehended (1) undoubted Avrchaean terranes,
(2) cerystalline rock masses probably representing metamorphosed Pa-
leozoic formations, (3) an extended series of unaltered Paleozoic for-
mations 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 rock
masses are of various thicknesses and variously affected by fracture,
tilting, and corrugation, and in consequence the terranes are of width
ranging from the narrowest zones representable cartographically to 25
miles; the altitudes of the little-disturbed terranes are various, and
they are consequently variously dissected and geographically modified
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 tract appears suitable for the purpose.

The prer- .ation of a base map of the region was commenced in
April, a»  although the work has been delayed upon it by other
dutie” it approaches completion. The geologic daia have been as-
ses .ied and can be rapidly transferred when the drawing is finished.

16 is proposed to lithograph this map and issue it in connection with
the bulletin already mentioned at the earliest possible date, probably
in time for the session of the Congres Géologique International at Ber-
lin in October next.

The geologic map of New York.—In pursuvance of your oral 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 suggested,
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 inadequate.
They were accordingly supplemented by different means, and the record

" e
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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 resecarch 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 immediately 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 conviection 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 times and the
state of geologic science then obtaining, it falls short of the more re-
fined standards of to-day.

The report embracing 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.

Thesaurus of American formations.—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. If
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
jllustrate, 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, chrono-
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 io
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 inquiries 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 geologie, geodetie, geographic, mineralogic, agricult-
ural, natural history, and other scientific surveys officially instituted
at various times by the several States of the Union; and the neecessity
for immediate action in the 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 adopted is to invite gentlemen specially familiar
with the scientific surveys of particular States or larger regions to pre-
pare detailed historical sketches of such surveys, to be utilized in the
compilation of the general history.

Correspondence in relation to the matter was opened April 15, 1885,
and the responses thus far received have been most encouraging. Up

¥
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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.

Investigations in the District of Columbia.—The 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 theé 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 had 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 latitude 380 45 to 39°, by longitude 76° 45’ to
77°, and latitude 38° 45’ to 39°, by longitude 77° to 77° 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, has spent considerable time in com-
piling existing data and transterring 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 diree-
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 mieroscopic
examination.

Investigations in the Potomac, Cheat, Monongahela, and Ohio Valleys.——
The terraces in the Distriect 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 affluents, originating on the western slope
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of the Appalachians, have been described by W. M. Fentaine, J.F. Camp-
bell, J. J. Stevenson, J. P. Lesley, G. F. Wright, and others, who have
advanced different hypotheses as to their origin.

Comparative stndy of these terraces promised -to yield valuable re-
“sults; and accordingly a trip up the Potomae River from Washington
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
Obio 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 untrodden mountain crests, alike impassable for vehicles or even
a-nimalé, 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
sandstones, 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 the region, the most important
localities were twice revisited, once in company with Prof. W. O. Crosby,
of the Massachusetts Institute of Technology, and once with Prof.
George H. Williams, of Johns Hopking 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 mieroscopic 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 and Towa.—In prosecuting a geologic sur-
vey of northeastern Iowa, at 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 progress. 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 an end, the State
survey of Wisconsin has been completed and the final reports have been

published ; and when the former State geologist, Prof. T. C. Chamberlin,
¢
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Geologist United States Geological Survey, courteously offered to pilot
e through the driftless area and contignous 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
Towa. 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 hand
for some years.

Investigations in New 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 littleis yet known of the physical and paleontologic
character of these formations in their easternmost extension (particu-
larly in Kansas and Indian Territory), of their relations to the Paleozoic
formations of the Mississippi V alley, 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
snggestion, employed Mr. Robert Hay, of Junction City, Kansas, to
construet a section through Southern Kansas and Colorado, along the
line of the sixth standard parallel south (not far from latitude 37° 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 T 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 you.

I have the honor to be, sir, very respectfully, your obedient servant,

W J McGEE, -
Geologist.

Hon. J. W. PowELL,

Director United States Geological Survey, Washington, D. C.
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REPORT OF MR. T. C,. CHAMBERLIN.

UNITED STATES GEOLOGICAL SURVEY,
GLACIAL DIVISION,
Beloit, Wisconsin, July 2, 1885.

S1r: 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
drumilins, the osars, and upon bowlder trains. The chemical study of
the drift, which I regard as a most neglected subject, has become fairly
inaugurated. Extensive sampling has been madein 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 contined to the determination of the character of theassortment
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 verlﬁed have been
attained.

The work of Prof. J. E. Todd during the year was a direet continua-
tion of that upon which he had been engaged for the two preceding
years, namely, the tracing out of the morainic 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
balletin 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
44° north latitude around to the Big Sionx 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 large 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 Canistoga 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 (¢) 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 exactly 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 Dakota beds.

Professor Todd took about sixty photographs and made representa-
tive collections. He was assisted in the field by Mr. L. B. Avery 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 Mississippi 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 attenunated 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 corroborate each other. and indicate that conditions
suitable for the distribusion 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
study, 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 specimensand photo-
graphs were taken throughout the field work.

Professor . 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 southwest direction throngh Gallatin, Saline, and Will-
iamson Counties, whence it turns northwesterly and extends through
Jackson, Randolph, and Monroe Counties, coinciding with the east bank
of the Mississippi Valley up to the vieinity of Saint Louis. Nowhere
in this region are the glacial deposits thrown into ridges and hills, as is
80 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 10° to 15© east, and in Jackson County
bearing south 5© west.

The earlier part of 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 County. Mr. Metealf 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 ag 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 investigations 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 strie
and other evidences of glacial movement. Among these 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 aceumulations
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 belt 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 strie
from their usual trend, determined by the topographic features of the
mountain. He has already ohserved a variation from S. 3© W, to S. 80°©
E., a range of almost 90°. .

Mr. I. M. Buell was employed, nnder my immediate sapervision; dur-
ing portions of July, August, and September, 1884, and May and June,
1885, 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 supervision, 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, converting it into a
broad plain, Out of this a fine system 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 eoncluded in November, but I have
* been unable as yet to fully discuss the results.

My own time during the months of July, Angust, and September
was chiefly oceupied 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
September, I spent a few days in inaugurating the work upon the flood
plains and terraces of the Chippewa Valley and in an examination of
some of the problematic phenomena connected with the older drift of
that region.

I subsequently made a reconnaissance along the lines of the Chicago,
Milwaukee, Saint Paul and Omaha Railroad 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.

In October, a short time was given to a re-examination of a portlon
of the southeastern border of the driftless area iu 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 favorable 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 Tittle later, in 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 geographicaily,
are, I think we were both convinced, somewhat widely differentiated in
speclﬁc 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
Mississippi 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 Rocky Mountains, a reconnaissance of the plain region south of
the old Pliocene lake, in the pursunit of ancient drainage features; and
some brief studies of the loess and Orange sand about Vicksburg and
Jackson, Mississippi, Memphisand Humboldt Tennessee, and Columbus,
Kentucky. The results of such a reconnaissance are scarcely worthy of .
record here, except a few that are mainly dependent upon previous and
less brief studies.

1. In harmony with all previous observations in the interior basm, 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 such
morainic 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. Whileit would be premature to ex press an opinion, there is ground
for grave doubt whether the Orange sand, even in these most typical
localities, 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 deposits 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 appears 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 secured in the field
and the preparation of bulleting 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 glacialists will undertake investiga-
tions in association with the division— Prof. N. 8. 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 extinet Lake Agassiz.
Very respectfully, your obedient servant,
’ T. C. CHAMBERLIN,
Hon. J. W. PowELL,
Director United States Geological Survey, Washington, D. C.

REPORT OF PROF. R. D. IRVING.

UNITED STATES GEOLOGICAL SURVEY,
LAKE SUPERIOR DIVISION,
Madison, Wisconsin, June 30, 1885.

Sir: I have the honor to submit the following report of the opera-
tions of the division of the 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 fossiliferons
sandstone of the Mississippi Valley, this sandstone being generally
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 acecompanying 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, Chanvenet, and Van Hise.

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 Liake. 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 overlapping on the east that studied by Mr. Chauvenet dur-
ing the same and several previous seasous 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 the re-
gion offer to the geologist, with their connecting water conrses, 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 rivers.

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.11 W.; and from here southward through Farm, White Iron, and
Birch Lakes and the Metawanga River to the southern part of T. 60, R. 12
W. Leaving his canoes 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, B. 13 W, These beds lie on the south side of the Mesabe
granite range and @ section has thus been obtained all across from the
vertically placed iren-bearing rocks of the Vermillion Lake basin to the
flat-lying Animikie beds. The Metawanga River was 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 gneiss that separates the
flat Animikie rocks, just mentioned, from the Vermillion Lake schists.
Birch Lake was next examined in detail on both sides, after which the
party returned to Farm L.ake. From here a long series of lakes, with
short intervening portages, was followed eastward through a country
whieh, in the main, is not yet 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 Mr. 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 to T. 63, R. 9 W. (unsurveyed), and traveled
thence northward through Moose and Wind lakes in T. 64, R. 9 W,
into Basswood Lake, on the national boundary line, where a second con-
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nection with Mr. Chauvenet’s work was made. The national boundary
line was now followed northwestward through a series of small lakes
with intervening rapids to Crooked Lake, and through this lake to
Iron Lake, in the northeastern part of T. 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 Lake 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 liné of the recently completed Duluth and
Iron Range Railroad. This work finished, Mr. Merriam’s intention
was to return to the vieinity of Bireh 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, Merriam 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
oceupied 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. i

Mr. Chawvenet’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 T. 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. 64, R. 1 K., and thence through a series of lakes northwesterly to
Moss Lake in the sonthwestern 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 of T. 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 ferraginous rocks, gabbros, slates, ete., 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 65, R. 4 W., the party next made its way southwestward through
a series of lakes to Little Saganaga Lake, in the western part of T. 64,
R.5W. 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. A number of days were then spent about this lake
and Kekekabic Lake, southwest from it, with the view of studying care-
fully the very peculiar and enormously thick conglomerate which is dis-
played aloug these lakes, important questions having been raised as to
the relations of this conglomerate to thesurronnding 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 as 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 throngh a series of large-sized lakes as far as the southern
-part of T. 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 Mesube 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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vieinity, 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 Rivers. On this map I have indicated by colored lines the
courses taken by Dr. J. G. Norwood in 184748 ; Prof. N. H. Winchell,
of the Minnesota State survey, in the years 1878-"79; by myself in the
seasons of 1830, 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, Selwyn, 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 surveyed 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 largely 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 Van Hise’s party.—Professor Van Hise, 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. 175-242, this work is a continu-
ation into Michigan of that previously done by the Wisconsin survey
in northern Wisconsin. Professor Van Hise’s work in this distriet has
been quite detailed, and his large collections of specimens having been
studied microscopically a number of very intercsting counclusions 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
Arch@an, the structure of the Lake Superior basin, the stratigraphy
of the Huronian series, ete.. 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 Hise 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 national 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 ot 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 suceceeded in securing most 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 material, ete.,
were almost wholly lost. Our collection of hand specimens had grown
very large and represented all portions of the Archzan of the North-
west, Including,also,a collection of about 3,000 made by the Wiscousin
survey, there were at my disposal, in the University building, about
ten thousand rock specimens, chiefly derived from the Archw®an forma-
tions I am now engaged in studying. Besides this loss, we have suf-
fered severely 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-

s,
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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 all about 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 work.—The microscopic work of the year, in which I
have been aided chiefly by Professor Van Hise, has included studies (1)
of sections from the Gogebic-Huronian belt; (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 to
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 interést have been met with, among which
I may mention the discovery of a very interesting series of rocks, now
mainly composed of guartz, which are manifestly but the produets of
alteration from obce aungitic rocks; and the discovery by Professor Van
Hige of distinet secondary enlargements to the hornblende fragments
which occur plentifully in the matrix of the great conglomerates of .the
Ogiskemanissi and Kekekabic Lakes. These enlargements are likely
to prove of a great deal of interest and importance in-connection with
the origin of the crystalline schists. An account of these enlargements
by Professor Van Hise will appear shortly in the American Journal 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 had in hand in particular we have had 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 mamly done by
Mr, Merriam, although a little outside assistance has at times been re-
quired. Among the drawings of the year have been 37 figures and plates
for publication in Balletin No. 23 of the Survey, and three large-scale
{(two inches 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 have had to make at least twice on account
of the loss of the 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 Van Hise; (2) a preliminary paper on the Archaan of the North-
west, published in the Fifth Annual Report; and (3) a paper on the
divisibility .of the Archs®an in the Northwest, published in the Ameri-
can Journal of Seience 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 between the Keweenaw series and the Eastern Sandstone on Ke-
weenaw Point, which paper will appear as Bulletin 23 of the Survey.
Professor Van Hise has also prepared a brief 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.
lications 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 distinet 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. C.
Rominger, the State geologist of Michigan, regarding certain questions
which had arisen respecting a tefritory 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 five hundred
specimens illustrating his reports on the Archaan regions of Northern
Michigan and also with a copy of the manusecript of his still unpub-
lished 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 assistant 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 serviees
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were needed: Assistant Geologists C. R. Van Hise, C. W. Hall, W. W,
Daniells, and W. M. Chauvenet; as office assistants, T. A. Polleys, N. M.
Thygeson, J. Phillips, and J. R. Thompson; besides a number of
woodsmen, canoemen, and packers.
All of whieh is respectfully submitted.
ROLAND D. IRVING,

Geologist,
Hon. J. W. PowELL,

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

REPORT OF DR. F. V, HAYDEN.

UNITED STATES GEOLOGICAL SURVEY,
MONTANA 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 June 30, 1885.

During the preceding year the field work consisted of a general re-
connaissance along the line of the Northern Pacific Railroad between
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 very 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 approach 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
Archpan 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 northward.

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 Vailey, 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 Archman 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, and facili.
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 Bozeman, 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, Archaan, 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 thefoot
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 résumé 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 hasa nucleus of Archwan rocks,not differ-
ing materially from those found in other portious 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 sedimentaries.

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

A complete section was made here by Dr. Peale, and two lltholog-
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 applied. 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 present 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 noticéd. 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 bhem 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 conglomeritic 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 large 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 SnOWws, and the problem at presenb 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 very 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 difii-
- cult to say which it is. The lower beds are the only ones that up to the
present time have yielded any organic remains, 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. . Walcott, who identified
twenty-three species.” Of these he 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 oceur in a series of argillaceous and calecare-
ous shales, with thin bands of limestones and yellow sandy beds, with
gray sandstones at the top. Thelower shales are greenish and purplish
incolor. 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. . 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, Jurassie, 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
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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 strigilecula,
and Camptonectes bellistriatus were most abundant.

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-
gils 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 lies 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 t0 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 cafion just below the junction
of the Gallatin, Madison, and Jefferson Rivers.

The deposits now remaining 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 valleys of the three rivers,
which for twenty or thirty miles above their mouths are not very widely
separated.

The space at command 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
inclined enough to show that, although they were laid down since the
great outlines of the mountains had 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 butlittle to our knowl-
edge. Itis 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 similar 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 résumé 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 detailed 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 has consisted mainly of the study
and revision of the notes of the summer’s work, In addition to this,
Dr: Peale has prepared a statistical paper on the mineral waters of the
United States, which will appear in the forthcommg 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,
F V. HAYDEN

Geolo gist.
Hon. J. W. PoweLL,

Director United States Geological Survey, Washmgton, D. C.
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PEPORT OF MR. ARNOLD HAGUE,

UNITED STATES GEOLOGICAL SURVEY,
YELLOWSTONE PARK DIVISION,
Mammoth Hot Springs, Wyoming, July 1, 1885.

S1r: I have the honor to submit herewith the following report of ope-
rations conducted under my charge during the year ending June 30, 1885.

Field work in the division of the Yellowstone National Park has 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,

At the Mammoth Hot Springs I remained several days, planning
field work and arranging 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 general 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 cawmp 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 voleanic lows which nearly
everywhere cover the Park, ‘

Geological interest in the range centers in the remarkable intrusions
of igneous rocks found penetrating the whole series of sedimentari 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 be of great seci-
entific interest, and some important results may be looked for from a
thorough examination of the material collected.

Erosion has 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 pbenomena are worthy of
special study.

I was desirous of examining ‘the mountains for any indications of
mineral deposits that might occuar there, in order that, if the boundaries
of the Park were fo be defined anew by law of Gongress, 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 perinanent camp. From here the main party moved to
the outlet of Yellowstone Liake, 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 Augunst 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 this 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 guestions as to the geological
character of the region, the probability of its ever becoming a mining
country, the 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
continental divide 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 has 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 hié-
report of the explorations of the Yellowstone in 1868, his interest in is
being aroused by his guide, the famous Jim Bridger. He failed, how-
ever, to penetrate_the country. Both Oagtaﬂn Jones _and Dr, Hayden

‘passed through it on their way 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
corssed directly from Snake River to the Yellowstove, and the few
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prospectors and trappers met in the neighborhood generally 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 Yellowstone.

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 the 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 five 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 work 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 Hot 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 Cafion and Amethyst Mount-
ain, It is a rough country, for the most part 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 Oec-
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 weuather. Daily snow storms, however, compelled
them to abandon the field, and they lett the Park on October 9, reach-
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ing Livipgston by the train on the branch road from Cinnabar. Mr.
Davis immediately returned to Bozeman to_store the camp property and
to close up all business for the season. - WHe" Wﬁ; _

The field season in the Yellowstone Park, although limited to about
eleven weeks, was in nearly every respect successful. Special attention
was given to the voleanic rocks of the platean and those encireling the-
Geyser Basin and Yellowstone Lake. The relations of the glassy vari-
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 ina 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 difference, 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
gecondary 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 phenowena 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. Inthe 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 whole, 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
and 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. Decowmposition 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 Caiion. Active sulphur vents
cover the slopes of the hills 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 14 inches in diameter
and flaring above into a funnel-shaped opening.

The vent is on the right bank of the stream and about 10 feet above
the water. A column of steam 90 feet in height is forced upward with
a shrill 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. -

In regard to the definite boundaries of the Park, npon 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 embodied 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 peopleinterested in the Park,
advocating either a reduection 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 111°, 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 Geological 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 Wash ington, 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 “ lithophysz,” 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 * Onthe 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,
ARNOLD HAGUE,

Geologist in Charge.
Hon. J. W. POWELL,

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

REPORT OF CAPT. C. E. DUTTON.

UNITED STATES GEOLOGICAL SURVEY,
VoLCANIC DIVISION,
Berryvale, near Mount Shasta, Cal., 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. i

It has been in contemplation for the last two years that I should un-
dertake the study of the Casecade Range. Preliminary thereto it was
necessary that a certain amount of progress- should be made in the
preparation of suitable maps ot the region in question, and these were
begun by the topographic force, under the charge of Mr. Gilbert Thomp-
sonm, 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 yas planned and begun under Mr. Gilbert
Thompson and carried forward by Mr. M. B, Kerr during the years
1882-83-784.

Meantime it was thought desirable to obtain some preliminary view of
the most conspicuous and easily recognizable geological features in ad-
vance of the completion of any part of the map. Aeceordingly, 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 Mount Hood into the 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 mueh 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 diseriminating 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-
tered 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 for 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, ete., 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
topographic 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
advisable that I should visit that loeality for the purpose of studyving
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 the Zufii Mount-
ains, which are 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 4

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. Dayvis, 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-
vations 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 seemed so well adapted to the case
that a model was ordered and was nearly completed 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 conneetion; 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. If
is my hope to be able to take it up with energy after my return from
the field next antumn,

On the 18th of May I left Washington for northern California to enter

“Qp
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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 Peak, and found
many instructive themes of study. These will be duly reported upon
in the future.

Very respectfully, sir, your obedient servant,

C. E. DUTTON,
Captain of Ordnance.
Hon. J. W. POWELL,
Director United States Geological Survey, Washington, D, C.

REPORT OF MR. S. F. EMMONS.

UNITED STATES GEOLOGICAL- SURVEY,
Rooky MOUNTAIN D1VISION,
Washington, D. C., June 30, 1885,

S1r: 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 cotild ‘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 topographiecal 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 instractions, I 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 previons season, and the party left by the lat-
ter, consisting of Messrs. Diir, Thompson, Van Diest, and Waters, with
Naval Ensign Wilkinson. The topographical work was finished, and
that portion of the party broken up early in September, the geologists
continuing in the fleld 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
Wyowing 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 anspices of the Hay-
den survey in 1874, and his graphie 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 little 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-
ferent bodies of eruptive rocks, and to the collecting of sufficient speci-
mens for microscopical study.
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Such determinations must 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 wholé that, although some farther
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,
moreover, 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.

Jurassic nonconformity.—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 Cretaceous 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 & 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 correspounds 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 Archean. More-
over, in some places, 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-
sic beds are often colored as resting directly on the Archzan shows
that this movement was probably widespread. I myself have observed
quartzitic sandstones colored 1 the atlas as Dakota, and which are
undoubtedly later than Trias, resting directly on the Archzan in the
valley of the Blue River in Middle Park. Already in the time of
the survey of the fortiecth parallel we thought we had found evidence of
a Jurassic nonconformity in the Wasatch Mountaing, but it was so un-
certain in character that it was not insisted on.

Carboniferous nonconformity.—~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 beavy belt of conglomerates, show-
ing evidence of formation in shallow waters and on the borders of a
land areay; in the middle and at the base a series of evenly bedded
limestones and quartzites of inferior thickness, resting directly on the
Archzan. The most striking feature in regard to the heavy belt of
conglomerates is the fact that their pebbles consist largely of limestoue,
a blue-gray or drab rock like the ordinary Carboniferous or Silurian
limestunes 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 conglomerates was de-
rived. As no limestones are found in the Archeean 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 Archean. 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, becanse 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 Archsan, have been found entirely covered, and the apparent
diserepancy of angle between the two series cannot be affirmed to be
definitively proved. In the lower series, however, nolimestone pebbles
are found in the conglomerate beds. The fossils obtained, which have
been cxamined by Mr. Walcott, show that a portion of this lower series
is of Carboniferous age ; therefore the dynamic movement occurred dur-
ing the Carboniferous period. Tbhis is further evidenced by a few
somewhat indistinct fossils obtained from the limestone pebbles them-
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 noted were evidently less important than the

_great movement which marks the age of the present uplift of these
mountains, and possibly of very much more limited extent, since they
have nothithertobeen noted by geologists. A slightdiscrepancy 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, unless
attention were specially called to a particular horizon by the knowledge
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, similas
evidence will be found in many other localities.

As will be shown in my forthcoming report on the Silver Cliff region,
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 Archaan rocks fell into the sea
and formed a peculiar coriglomerate of immense subangular fragments,
apparently corresponding in age to the Weber grits of the Mosquite
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 during the rest of the year in its microscopical and chemical
investigations. The preparation of manuscripts for the press has not
progressed, from various causes,as rapidly as had been anticipated. The
census volume on “Statistics and Technology of the Precious Metals,”
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of which the manuseript 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 manusecript for the Leadville report is now ready
for the printer, with the exception of rearranging certain tables. The
maps for the Ten-Mile and Silver Cliff 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 on the Golden
Mesas, which was 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,
3. F. EMMONS,
Geologist in Charge.
Hon. J. W. PowELL,
Director United States Geological Survey, Washington, D, C.

REPORT OF MR. GEO. F, BECKER.

UNITED STATES (GEOLOGICAL.SURVEY,
DivISION OF THE PACIFIC,
Steamboat Springs, Cal., June 30,1885.

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:essary 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 requestand 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 laté in June, 1884, at San Francisco. Besidesex-
amining my collections of fossils Dr. White visited New Idria and its
neighborhood with Mr. 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. Inpur-

suance of the same work I later revisited Knoxville and made a trip
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along the coast from the Russian River to beyond the mouth of the
‘Wallala River. ; : .

I had the great satisfaction of finding that Dr. White was led to the
same conclusions on purely paleontological grounds whica T had reached
mainly from structural considerations, and further, that as a general
geologist of long experienee, he fully agreed with me as to the indica-
tions of the structure. We have given the main results of the jeint
investigation in Bulletins 15 and 19, but a brief statement of the prin-
cipal conclusions reached will not be out ot place here.

The labors of the State Geological Survey, 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, and conformable with it, oceur the
Téjon strata, referred by Conrad, who first described - their fauna, to
the Eocene, but by Gabb to the Cretaceous. Upon the Téjon 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 locality, at all events, the most-ex-
tensive 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 the series
meéntioned above. The main uplift of the Coast Ranges Professor
‘Whitney refers to a post-Miocene disturbance. The gold belt was con-
sidered as pre-Cretaceous, Meek having determined some fossils from the
Mariposa estate as Jurassic mainly ob the ground that Ancellais a
Jurassic genus, -

Freely employing the excellent geological observations recorded in
the first geological report of the State survey, Dr. White and I have
pushed our conclusions further. There is, with one exception, no indi-
cation yet known of rocks older than Gabb’s Shasta 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 any of the
silicified and serpentinized rocks, so characteristic of the metamorphic
series in the Coast Ranges are younger than the beds characterized by
the Ancella piochii of Gabb. Dr. White shows that between these beds
and the Chico there is a vast time interval, while 1 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 the
Chico and a new series which Dr., White places before the Chico, and
which we have named the Wallala 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 shattered, and often form not plicated beds,
but chaotic masses recemented Dby silica and serpentine. The Coast
Ranges, then, existed as dry land and doubtless as mountains for a long
"period before the beginning of the Chieo. '

The question imnediately arises whether the great upheaval which -

followed the deposition of the Ancella bearing beds of the Coast Ranges

" was purely local or is to be correliated with any known uplift elsewhere.
A comparison with the disturbance which raised 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
Jurassic character of the Mariposa beds, chiefly because Ancella *is, so
far as is knowu, entirely confined {o the Jurassic rocks,” Gabb rede-
termined a shell which he had previously described as Suoceraneus pio-
chii,and which he had found to be peculiarly characteristic of the Shasta
Group. He decided that this shell was an Ancella, but drew no geologi-
eal inferences from this change of genus. It seemed to me clear, how-
ever, that its geological importance was great; for if Ancella is dis-

- tinctively Jurassic the Ancella-bearing beds of the Coast Ranges, orin
other words, the metawmorphic series, must be Jurassic, while, if this
series is Cretaceous, Ancella is not confined to the Jurassic even in the
State ot California, and the Mariposa beds are not necessarily Jurassie.
Dr. White fully agreed with me, and moreover, after careful comparison
of great numbers of Ancellas from the Coast Ranges with Meek’s types
and with new and better specimens collected by ourselves on the Mari-
posa cstate, he is unable to draw any specific distinctions between thew.
There is every reason, therefore, to suppose that the upheaval and met-
amorphism of the Mariposa beds aud that of the Amncella beds of the
Coast Ranges were contemporaneous, and hence, also, that the first up-
heaval of the Coast Ranges dates at least as far baclk as the great uplift
to whicl, as Professor Whituey showed, an important portion of the
present Sierra Nevada is due. This uplift must have oceurred either
after the close of the Jurassie, as Professor Whitney supposed, or after
the Neocomian; but Dr. White commnits himself no further with refer-
ence to the.age of Ancella than to state that it may be not improbably
common to the upper Jurassic-and the Neocomian. Noné of the fossils
found accompanying it in California are decisive on this point.

On whichever side of the limiting horizon the Ancella of California
may ultimately prove to belong, it now seems impossible to assign the
Coast Ranges to a different mountain system 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 Cas-
cade Mountains of Oregon, near Roseburg, we found the foundation of
the range made up of granite and metamorphic rocks indistinguishable
from those of the California Coast Ranges. These rocks are overlain
unconformably by Miocene beds. Dr, White also points out reasons
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for believing that 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 topographiecally, =

- and that the line of uplift marked by Lower California is equally 1nt1
mately connected with the ranges of, Upper California.

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

The examination of the quicksilver districts, necessarily mterrupted
by the 1nvest1gat10n 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 Mr.
H. W. Turner. 1 have also visited each of these districts with him and
reviewed his results. Mr. Turner has also inspected 4 great number of
abandoned mines and prospects for the purpose of studying their rela-
tions to the general geological structure of the quicksilver belt.

Mr. Waldemar Lindgren, who joined me as assistant geologist on 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 and 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 experiments 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 nelghbor
hood.

The field work on the quicksilver belt will close this season, and as a
great part of the office work is already cowmpleted, 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,
: GEO. T. BE(JKER
Geologist in charge.
Hon. J. W. POWELL, '
Director U. 8. Geological Survey, Washington, D, C.
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REPORT OF MR. J. S. CURTIS.

UNITED STATES GEOLOGICAL SURVEY,
UrAn DIVISION,
Frisco, Utah, June 26, 1885,

Sir: I have the honor to report that during the fiscal year 1834-'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 Urleans Exposition, which was subsequently exhibited at that
place. From February to June 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 1 wrote
a paper on the subject for the Sixth Annual Repert of the director.

On the 4th of June, pursuant to orders, I took the field, going to
Frisco, Utah, to examine the Horn Silver Mine. This examination was
considerably impeded on account of the caving of the mine. It is still
being prosecuted, hiowever, with the prospect of better opportunities
for study when some workings shall have been completed which will
again open the mine. ' '

Very respectfully, your obedient servant,
J. 8. CURTIS,
Geologist.
Hon. J. W. PowELL, :
Director United States Geological Survey, Washington, D. C.

REPORT OF PROF. 0. C. MARSH.

UNITED STATES GEOLOGICAL SURVEY,
" DIVISION OF VERTEBRA;I‘E PALEONTOLOGY,
New Haven, Conn., July 1, 1885,

SIR: T have the honor to submit the following report of progress in
. this division during the past year.’ '

In accordance with your letter of general instructions, dated July 1,

1882, 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
Wyoming and met with good success. Large collections of Dinosau-
rian reptiles and Jurassic mammals have been secured, among which
were many new to science,

Another party carried on investigations in the Jurassic deposits near
the Arkansas River, in Southern Colorado, where discoveries of much
importance weremade.
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During the winter important ¢ollections of Permian fossils were se-
cured in Texas. ' .

For the greater part of the past year one party has been engaged in
exploring the Pliocene deposits of Kansas and Nebraska, where very
large collections of fossil mammals 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,
T O. C. MARSH,
Paleontologist in charge.

Hon. J. W. POWELL, '

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

.

. REPORT OF DR. C. A. WHITE.

UNITED STATES GEOLOGICAL SURVEY,
DivisiON oF MES0zZoI¢ INVERTEBRATES,
Washington, D. C., June 30, 1885.

Sir: I have the honor to make the following report of the work that
has been done in my division durmg the fiscal year endmg 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 Survey. This work was confined mainiy to the study of
the Cretaceous and earlier Tertiary formations of Califorpia, and in-
cluded not only an investigation of the collections that had already
been made by Dr. Beeker and his assistants, but studies in the field at
numerons localities in different parts of the State. The following eoun-
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 his assistants, and which I have also studied, were obtained from
. the following counties in addition to those which have 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 an investigation-of the Téjon, 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 Téjon groups together form one unbroken series, extending from
the Upper Cretaceous beneath, to the Kocene 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-
taceous formation in California which has not hitherto been publicly
noticed. The stratain question are found exposed in Mendocino County,
some thousands of feet in thickness, according to Dr. Becker. I have
_ given them the provisional namne of the Wallala group.
~ Dr. Becker has published the results of the studies which he made
in connection with mine in Bulletin No. 19 of the Survey. Our work
having been done in direct association duringthe whole season, we have
mutually assisted each other, which I believe has been of material ad-
vantage to the work undertaken by us.

_ After completing this work in California I sailed from San Francisco,
on the 1st of September, for. Portland, Oregon. From there I proceeded
up the valleys of the Columbia, Wlllamette, and Umpqua Rivers, in com-
pany with Dr. Beckér, 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 geologlca]
they will 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 had collected in differ-
ent parts of Oregon, and which proved to be of considerable interest
with relation to certain subjects which I have had under investigation.
Some results of the study of these fossils are contained in Bulletin No.
. 18 of the Survey.

Parting with Dr. Becker in Oregon I returned to. Washlngton, 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 bulletins, '
A counsiderable portion of my time has also béen employed in the
routine work of my division andin the study and determination of fossils
“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 Survey Nos. 15, 18, and 22; articles XXIX and
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XXXVI, Vol. XXIX (third series), American Journal of Sciince, and .
an address before the Washington Biological Society.

From August 6 to September 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 Philadelphia 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 bibliographieal material bearing upon the subjects which are under
investigation in my division. '

Mr. Lawrence C. Johnson has been engaged during the year in mak-
ing collections in the States of Mississippi, Alabama, and Florida, and
the collections which he has forwarded have been received at the United
States National Muscum.

Mr. Frank Burns, who was assigned to my division in October, was
engaged in collecting fossils in Mississippi and Alabama up to the mid-
dle of January, 1885. Iu accordance with instructions, he reported to
me at the National Museum on the 22d of January, and he has since
been engaged 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, 1884. He has been employed mainly
in the preparation of catalogues of fossils and bibliographic data.

Respectfully submitted. .

C. A. WHITE,
Pwleontologist.
Hon. J. W. POWELL,
Director U, 8. Geological Survey, Washington, D. C.

REPORT OF MR. C. D, WALCOTT. -

UNITED STATES GEOLOGICAL SURVEY,
D1visioN oF PALEOZOIC INVERTEBRATES,
Washington, July 1, 1885,

SIR : In conformity with the request contained in your letter of Feb-
ruary 3, 1885, I have the honor to present the following report of opera-
tions 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 the Devonian strata in Western 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 Vermont, Western Wisconsin, Eastern Minne-
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sota, Northern Alabama, and Central Texas. A geological section was
obtained 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. Henry 8. Williams ,continued ° his study of the Devonian sec-
tions and faunas of Central and Western New York, Northwestern
- Pennsylvania, and Eastern Ohio during the months of J uly, Augustand
September. Collections of fossils were made and sections taken by
him at six localities in Sullivan and Orange Counties ; at seven, in Chau-
.tauqua County ; at five, in Otsego and Brown Counties, New York ; at
fifteen, in Erie, Crawford,and Warren Counties, Pennsylvania; ateleven,
in Lake, Geanga, 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 collections 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.
- Qooper Cuartice, paleontological assistant, made 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
specimens that add materially to our collections, and will give much
valuable data in studying the Potsdam fauna.

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 illustration of the Upper Cambrian fauna in its southern extension
along the Appalachian range.

Mr. 8. 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 ha: also done some field
work in the county named and collected fossils from the Middle Cam-
brian strata.

Ealy in July I proceeded to Franklin County, Vermont, for the pur-
pose of studying 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 wasg recalled to Washington and ordered to re-
port to the honorable the Secretary of the Interior. By bim 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 3, 1884, and, acting under instructions from you,
I proceeded to Burnet, Tgxas (md began the examination of the area
of Paleozoic roeks in B_urnet, San Saba, and Llano Counties. These
were found to be composed of Carboniferons, Lower Silurian, Upper
Cambrian, and a series of strata called the Llano group, corresponding
to the Grand Cafion and Chaar groups of Northern Arizona. A good -
series of fossils was collected from the Upper Cambrian or Texas-Pots-
dam group. -

I returned to Washington October 14, and at once took up the study
of the Middle Cambrian faunas, and also attended to the completion of
the publication of Monograph VIII, Paleontology of the Eureka Dis-
trict, and Bulletin 10, Preliminary Studies of the Cambrian Faunas of
North America. Both of these publications were completed in Decem-
ber, 1884, and a few copies secured, but owing to unavoidable delavs the
main edition was not delivered untll 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 connection with the identification of collections for the geologists
of the Survey and the material sent to me as honorary curator of Pale-
ozoic invertebrate fossils of the National Museum. A collection brought
in by Dr. A. C. Peale, of the Survey, was of special interest, as it proved
the existence of a well-marked Devonian fanna in Northern 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 reporton the examination of the coal-field of the San Carlos Indian
Reservation was prepared during the month of November and trans-
mitted to the honorable the Secretary of the Interior November 28, 1834,

Finding it necessary to obtain some additional data in connection with
the study of the Middle Cambrian faunas, I spent a few days, 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, direetor of the Canadian Survey, and Prof. J. F.
‘Whiteaves, paleontologist, a number of typical specimens were loaned
to me for illastration, and twenty species were procured for the National
Muscum collections. The material thus obtained has been of great
gervice in the identification of species from Vermont.

A short paper was prepared and published in the American Journal |
of Science, on the ¢ Paleozoic Rocks of Central Texas,” to call atten-
tion to the Upper Cambrian and pre-Upper Cambrian strata and their
close resemblance to the corresponding geologic formatlons in the Grand
Cafion of the Colorado in Northern Arizona.
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The bulletin on the Middle Cambrian Faunas is transmitted for pub-
lication this day. Itcomprises a review of all the species known to
me to oceur at that horizon in the United States and Canada.

As honorary curator in charge of the collections of the invertebrate
Paleozoic fossils of the U. 8. 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-
clusive of corals, ’

" The collection contained—

Species. | Specimens.

Brachiopoda ..con.oiie i e 38 941
Lamellibranchiata . ...oooo oot i 42 445
L8 1 4 T4 T 11 72
50753 01 00T - 3 11
Cophalopods . oocveeveamniiinn i, et ecsieaniastecanaaaaas 5 17
Crustacos. ............ PN . 1 11
POECIIOPOAD . ot v ece et aeeeee et aata e iaa s i eiina e aeeaanaan e 1 140

Total ...... et et et re e aeeeeeemataeenaaaaeeaan e aaaasiantaaaas 101 1, 637

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

The director of the U. 8. National Museum has continued to give every
facility for the advancement of work in 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 has rendered most efficient service in preparing for study
the various collections of the Middle Cambrian fossils and those of the
Upper Cambrian tfrom 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
catdalogues of specimens, proof reading, etc,

Mr. M. T. Burns was detailed, the latter half of the year, to assist in
the unpacking and recordmg of specimens.

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

Bulletin of the United States Geological Survey No. 3, ¢ On the Fos-
sil Faunas of the Upper Devonian along the meridian of 76° 30%, from
Tompkins County, New York, to Bradford, Pennsylvania,” by Henry S.
Williams, 8vo., 35 pp. 1854.

Publications by the writer:

“ Note on Paleozoic Rocks of Central Texas.” Am. Jour. Sei,, Vol
XXVIII, pp. 431-433. December, 1884.

“Deer Creek Coal-field, White Mountain Indian Reservation, Ari-

w

iy,
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zona. Report and Appendix.” TU. 8. Senate Ex. Doc. No. 20, 48th
Congress, 2d session, pp. 1-7. December, 1884.

¢ Bulletin No. 10, United States Geological Survey ; on the Cambnan
Faunas of North Amenca,” pp. 55, Pls. 10, figs. 91.

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

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

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

Very respectfully, your obedient servant,

CHARLES D. WALCOTT,
Paleontologist,
Hon. J. W. POWELL,

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

REPORT OF DR. W. H, DALL.

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF CENOZOIC INVERTEBRATES,
Washington, D. C., June 30, 1885.

SIk: 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 forms. 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 affairs on taking up the work was about as follows:
The collections already in the possession of the Survey and of the Na-
tional Museum were very large, but, owing 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 these 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 Jeffreys, with
a fine series of the English crag fossils, the fossils of the northern drift
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 Survey 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,

cspecially 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. My 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 isin a
certain sense drudgery of a scientific kind, but the familiarity thus
gained 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
(and 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 has to be supervised and revised, and this is as much as Mr.
Stearns and myself can do at present rates of progress. Tor more sat-
isfactory co-operatior, 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 cfficient help in cataloguing and
registering specimens, and some 6,400 specimens or lots of specimens
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 subjcected to

- preliminary 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 thousaud
entries have already been madé for the region between the north shore
of Brazil and Cape Hatteras, which forms one zotlogical ‘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 all
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 has been delayed by the necessary work in other directions.
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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 invertebrate remains from various quarters and
some vertebrates, especially from the western side of the continent, .
which have 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 Orleans, so that he was
taken away from the regular work for several weeks. Mr. Crowe has
been permitted fifteen days’leave of absence during the past month. T
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 special communication under date of May 4, 1885. A cer-
tain publication on the land and fresh water shells of the United States,
by Mr. W. G. Binney, was undertaken by the National Museum. This
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 revised 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 the revision now completed. This work oceupied 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 have been presented by Mr. Binney to the Museum, will form part
of the collection under my charge, and materially assist in the identi-
fication of fossils belonging to this group.

t will be seen by the above exhibit that the time of the individuals
engaged on the general work included under my division 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 hours a day to administration and study since I undertook the
work. Much of what has been accomplished makes but little show to
the casual visitor, but will be apparent later on.

This department, in common with nearly every other connected with
the Survey and the National Museam, though afforded by the authorities
of the latter the best facilities at their disposal, has suffered greatly for
want of room.” This need will be eveun greater in the near future, and
it is to be hoped that quarters for the proper arrangement and exhibi-
tion of thé treasures of the collection may be soon provided.

I have the honor to be, very respectfully, yours.
: , WM. H. DALL,
) Paleontologist U. 8. Geological Survey.

Hon. J. W. PowELL, - ' )

Director United States Qeological Survey, Washington, D, C. .
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REPORT OF MR. L, F. WARD,

UNITED STATES GROLOGICAL SURVEY,
DivisioNn OF PALEOBOTANY,
Washington, D. C., June 30,.1885.

SiR: I have the hounor 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, aud 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
fine 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, U. 8. 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, hawever, 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 effort and wel-
comed his restoration, on the 16th of that montk, 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-engravings 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 themn 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 fo their natural
size by photography, and in using the photographs from the drawings
as aids to study. Theresult 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 refercnce in cases where
the number is known. A second set of the groups of tigures is mounted
intact npon large card-boards, which are suspended from a revolving
cylinder devised for the purpose. This is found to be the main depend-
ence when making comparisons with the figures of fossil plants pub-
lished iu 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 exchange or for other pur-
poses, and if more are needed blue prints are made without further tax
upon the photographer. Tor all these and many other ingenious de-
viees which need not be named here, but which greatly facilitate re-
search, I am chiefly indebted to the fertile mind of Mr. Hayden, whose
invalnable agsistance it gives me great pleasure thus publicly to ae-
knowledge.

On the 3d of February I received an official invitation to prepare a
contribation to the Sixth Annual Report of the Survey for the years
188485, As most of my collections have been from the Laramie Group,
as I understand its limit$, and as my report upon those collections will
be so large that all general considerations will probably be crowded out
of it, 1 thought that such a paper would afford an opportunity to
offer some discussion of the facts observed by myself and to collect
into eompact 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, and digest of the literature, as above in-
dicated, 1 bave introduced some desecriptive 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 sense a deseriptive 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 Laramie 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 asabove
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 mnecessarily interrupted during three
months. of the year, from October 1, 1884, to Jannary 3, 1885, when it
was resumed upon the employment of Mr., Bruno Miiller. His first
work was to complete the slip index of species so far as the works in
hand were concerned. This work has been done in a very satisfactory
manner, and as the sub-library which 1 have collected from various
sources cmbraced most of the principal systematic works on the sub-
ject, thisindex, 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
aid to my researches. 1t is of course still incomplete, many works, some.
quite important and some very recent, not having yet come into my
possession and I am now méking every effort to secure these works.
‘Within the last month Mr. Miiller has prepared a large list of the titles
of such works, and this has been placed in the hands of Mr. George H.
Boehmer, in charge of the international exchanges of the Smithsonian
Institution, who has special facilities for securing them in exchange for
the publications of the Institution and those of the National Museum
and the Geological Survey, and who bas 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. Miiller has commenced work upon this branch of the subject.
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I greatly regret the delay in the preparation of this important man-
ual, bat unless work upon it is again suspended I see no reason to
doubt that the manuseript will be ready 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 eonsiderable portion of the
year a series of operations which are of the highest importance to my
paleontological work, but which I have not thas 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 out, ,

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 coustitute 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 beyond 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 have
availed them little had they not had at the same time access to an 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 eftected 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 antecedently 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 hold 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
agsistant be assigned me ; and I further offered 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 be provided steps were taken in this direction.
On February 2, 1885, my herbarinm was removed to the Museum, and
shortly afterwards the collection from the Kew herbarmm was trans-
ferred to my charge.

Early in November two assistants, Mr. Frank H. Knowlton and Mr.
A. L. Schott, employés of the National Museum, were assigned to the
departirents 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 T have found it possible to
entrust to his charge nearly all the duties incident to the curatorship.
Mr. Schott came to the Museum from the Botanic Garden to take charge
of the palms and other ornamental plants that were transferred from
there and placed in the rotunda 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 he 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 tlre help of which the great
success of certain celebrated investigators in Europe is so largely due.

Very respectfully, your obedient servant,
LESTER F. WARD,
Geologist.

Hon. J. W. POWELL,

Director United Statcs Geological Swvey, Washington, D. C.

REPORT OF PROF. WILLIAM M. FONTAINE,

UNITED STATES GEOLOGICAL SURVEY,
Noel’s Post-office, Virginia, June 18, 1885.
SR : I have to report that during the montbs of May 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. For the details
of the results obtained reference is made to the report, 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-
siderable 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,
WM. M. FONTAINE,

Paleontologist.
Hon. J. W. POWELL,

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

REPORT OF PROF. F. W. CLARKE,

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF CHEMISTRY 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 occupied the comparatively small suite cf rooms
on the second floor of the southwest pavilion of the National Museum.
On the 1st of August Mr. J. Edward Whitfield was added 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 Hooc 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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the ground floor, one large and two small, were assigned to the physical
laboratory; which, still in charge of Drs. Carl Barus 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, while the four remaining rooms npon
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 included, besides other matiers, exam-
inations of coals and iron ores from West Virginia, clays from Wiscon-
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, ete. 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 ideuntify a
considerable number 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 year 1 have myself been engaged upon investigations, 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 aluminum orthosilicate, a con-
clusion which belps to explain the genesis of some important rock-
forming species. These investigations have been accompanied by some
field 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 regious
I collected valuable material bearing upon the subject of my re-
searches, , ) .

Another line of chemico-geological investigation was taken up by Dr.
Chatard, reiative 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

"y
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of the Corundum Hill locality, bave since been under examination in
the laboratory, and a valuable suite of analyses has 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 aluminrum from
titaninm, Both processes will be of great service in the future work
of the division.

The work done in the physieal laboratory of the division has naturally
been somewhat interrupted by the removal from New Haven and 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. Barus, furthermore, has 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, F. W. CLARK
. W, ARKE,

. Chemist.
Hon. J. W. POWELL,

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

REPORT OF MR. ALBERT WILLIAMS, JR.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN oF MINING STATISTICS,
Washington, D. ., 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
preparation 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. Itis 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 in 1883 from 1882 was $3,012,001;
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, has been due rather to a depression in price than to a
decrease in quantity; indéed, several important substances show a de-
cided increase in production, notwithstanding the general dullness of
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trade. The overproduction, taking the whole field into consideration,
kas been less than was generally feared.

Metallic products of the United States in 1884,

Quantity, Value.

Pig-iron, spot value. ..... P U S (1) 1 T8 1) 1 - T 4,097,868 | $73, 761, 624
Silver, coining value .............. Cremilesimcerieeniraeeaaaas troy ounces..| 387,744, 605 48, 800, 000
Gold, coining value........ e e e e aa e et emaneamrsaneeananan do...... 8 1, 489, 949 30. 800, 000
Copper, value at New York City (2)..-vevmeenmininnvecviinainn pounds..; 145,221, 934 17, 789, 687
Lead, value at New York City ........ Ceseemareacaaean s short tons.. 139, 897 10, 537, 042
Zing, value at New York City «oveeronnerooiiiaiian il 38, 544 B 422,707
Quicksilver, value at San Francisco.. 3t, 913 936, 327
Nickel, value at Philadelphia (B) -.ovearriniiioiiiiiaeaiaiea.s, . 64, 550 48,412
Aluminum, value at Philadelphia ....ooeoaiai i 1, 800 1,350
Platinum, value crade at New York City ...coooviiinnians [SPOR; I 150 l 450

£ A 188, 097, 599

@ Including copper made from imported pyrites. b Inclnding niekel in copper-nickel alloy.

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

Quantity. l Value.

Bituminouns coal, brown coal, lignite, and anthracite mined elsewhere than

73,730,539 | $77,417, 066
.| 83,175,756 | 66,351,512
24,089,758 | 20, 476, 204
............ 18, 000, 000
37,000,000 | 18,500, 000

6, 514, 937 4,197,734

4,000, 000 3,720, 000

Cement

South Carolina phosphate roek (€).«..oovirenmiinnaiievaacenanans long tons.. 431,779 2,374, 784
Limestone fOr iP0M UK e e ouermure e e eeiraneeanennainnnaneennaneennnen do....] 8,401,930 1,700, 965
Mineral waters . .gallons sold..| 68,720,936 1, 665, 490
NAbUTAL ZHS. oo v aeieiiie catnearetessaaavenaonaraaamescasenmaannanraaanes|ronicoaonaaa, 1, 460, 006
AN T 0 U Caeees ..short tous.. 13, 000 910, 000
Concentrated borax......... e ee et imtitiaeieanieiaar e, pounds..| 7,000,000 490, 000
New Jersey marls .-t short tons. . 875, 000 437, 500
Mica...ovaremaennn- pounds. . 147,410 368, 525
PYrites .ccveeaeeracanmianesraaaanaa RPN long tons.. 35, 000 175, 000
Gold quartz souvenirs, jewelry, etc .. . 140, 000
Manganese Ore . .- ..ciauiiimareieneneeanan . . 120, 000
Crude Darytes .o ocvaieimrieaieare e iieaaecieneeiicie e rannlians . 5 100, 000
Ocher —......ccoeeiann. e rmeeetmceaane. oot meaeace i, do.... 7,000 84, 000
Precions SEONeS. .- s oceuaoverreeenonaae enmnaanecn.. Cemmecdemaeaee e e 82, 975
Bromine .. iraan i ima i iie ettt e nee aar e an e pounds.. 281,100 67, 464
Feldspar ......... R long tons.. 16, 500 55,112
[0 T T ) PP do.... 2,000 35, 000
L U O short tons. . 1,000 30, 000
Slate ground as 8 PIgMent. . oaveeeer i long tons.. 2,000 20, 000
Sulphur............. .- . . .short tons. . 500 12, 000
Asphalbiim .ot cie e e e do.... 3, 000 10, 500
Cobalt 0xide. -« veanneearrneaianan o0 eeans et pounds. . 2,000 5,100
Total . ooaleen i e A 220, 007, 021

a The commercial product, that is, the amount marketed, was only 66,875,772 tons, worth $70,219,561.
b The commercial product, that is, the amount marketed, was only 30,718,293 tons, worth $61,436,586."
¢ Year ending May 31.
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Résumé of thevalues of the metallic and non-metallic mineral substances produced in the

United States in 1884, :
B Y $186, 097, 599
Mineral substances named in the foregoingtable. ...... .. ..o iiiiiaii i, 220, 007, 021
406, 104, 620
Fire-clay, kaolin, potter's clay, common brick clay, terra cotta, buildiﬁg 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, iridosmine,
mill-bubrstone, and stone for waking grindstones, novaculite, corundum, lithographic
stone, talc and soapstone, quartz, fluorspar, nitrate of soda, carbonate of soda, sulphate
of soda, native alum, ozocerite, mineral soap, strontia, infusorial earth and tripoli,
pumice-stone, sienna, umber, ete., certainly not less than...........coiiin Loiianont 7, 000, 000
Grand $0tal. - vv.cereeereasnnennre e 413,104, 620

Metallic products of the United States in 1883.

Quantity. ‘ Value.

....long tons.. 4,595»,510l $91, 910, 200

Pig iron, spot value |

Silver, coining value....... e troy ounces..| 35, 733, 622 486, 200, 000
Gold, COINIDE VANIO . - .- o\ e e e eienenvmmeme e memae e amaaaneemaas do... | 1,451,249 | 30,000, 000
Copper, valne at New York Ciby () «.vvoeemieenaniiaaiiiiinaa. pounds.. 117,151, 795 18, 064, 807
Lead, value at New York City .co.ooverniuiimemnnnicaeeriinnnnas ghort tons.. 143, 957 12,322, 719
Zine, value at New York City... v...do... 36,872 8, 811, 106
Quicksilver, value at San Francisco.coeaeoeeeviaiocneioiiinenscanes flasks.. 46,725 | 1, 253, 632
Nickel, value at Philadelphia () ..., cooooiiiiii i pounds.. 58, 800 52, 920
Aluminum, value at Philadelphia.....coeee oo ioiiieiaail, troy ounces.. 1, 000 875
Platinam, value crude at New York City voveeoovsiiiiminiiainnanas do.... 200 600

B0 s 7 ) g P P 203, 116, 859

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

Non-metallic mineral products of the United States in 1883 (spot values).

| Quantity. | Value.

in Pennsylvanio (@) .oeveioirniiann it ire e long tons..| 68,531,500 | $82, 237, 800
Pennsylvanin anthraeite (D). .ocoeooeeenavneiiimai i ol do....| 34,336,469 77, 257, 055
B N ) [0 o A barrels..| 23,400, 229 25, 740, 252
Building stonv.......... TSRO PR 20, 000, 000
Lime .| 32,000, 000 19, 200, 000
Cement 4, 190, 000 4, 293, 500
DT S O ... 6,192,231 4,211, 042
South Carolina phosphate Tock (€} .-evvviiieiimnnnniiimannnannn,. long tons.. 378, 380 2,270, 280
Limestone forirou flux ... ..oooen oonei il do....] 3,814,273 1,907,136
Mineral Waters. ... it irieeei s gallons sold. .| 47, 289, 743 1,139, 483.

6, 500, 000 585, 000

972, 000 486, 000

. emve e 475, 000

B 5 Yt pounds.. 114, 000 285, 000
o T T 25, 000 137, 500
Manganese ore 8,000 120, 000
Gold guartz souvenirs, jewelry, etc [ R 115, 000

a The commercial prodnet, that is, the amount marketed, was only 65,268,095 tons, worth $78,321,714.
b The commereial product, that is, the amount marketed, was only 31,793,027 tons, worth $71,534,311.
¢ Year ending May 31,



WILLIAMS. ] THE HEADS OF DIVISIONS, 91

Non-metallic mineral products of the United States in 1883 (spot values)— Continued.

Quautit).’. Value.
Crude barytes ..ececmearemmcannr it ieiaeeaa s cemnamaeemas long tons.. 217, 600 $108, 000
........ s 92, 050
7,000 84, 000
301, 100 72, 264
Feldspar.... 14, 100 71,112
Chrome iron ore ..... i [ P, do..-. 3,000 60, 000
Graphite............ e . .. pounds.. 575, 000 46, 000
Asbestus....cvnaenenaan cevemen . .ghort tons.. 1,000 30, 000
L)1) do.... 1, 000 27, 000
Slate ground as a pigment . ................ heneeaeeamaaans .. long tons.. 2,000 24, 000
Asphaltom short tons.. 3, 000 10, 500
Cobalt oxide . oc.oaveiniiiieinnaiaaas et veseaneaeesactaranet ey pounds.. 1, 096 2, 795
Total....ceeen.n RPN ST 241, 087, 769

Résume of the values of the metallic and non-metallic mineral substances produced in the
United States in 1883.

B 7 $203, 116, 859

Mineral substances named in the foregoing table....... ..o oo iiiaiiiiniiiiiiiiiaon.. 241, 087, 769
. 444, 204, 628
Estimated value of minecral products unspecified....... .. cooeaiiaenaaal. P 8, 000, 000

Grand total..ouee.aeenennnnnnn e et e 452, 204, 628

Metallic products of the United States in 1882,

Quantity. Value.

Pig-iron, 8Pot valte .o .cerrneniiione i e e long tons..| 4,623,323 | 6106, 336, 429
Silver, coining value .c.coeiee i iiieini i iaie e troy ounces..| 36,197, 695 46, 800, 000
Gold, coining value. ...oooiienciiii it Ceremranacanan do ..... 1,572, 186 32, 500, 000

91, 646, 232 16, 038, 091
132,899 12, 624, 550
33, 765 3, 646, 620
52,732 1,487,042

Quicksilver, value at San Francisco

Nickel, value at Philadelphia (b)...o.oveoivmiiiiiiieiiii e, .. 281, 616 309,777
Antimony, value at S8an Francisco . ... oiiiaiiiiiiaia . 60 12, 000
Platinum, value crude at New York City... ..troy ounces.. 200 600

218, 755, 109

B ] e ) G ’ ............

a Including copper made from imported pyrites. b Including nickel in copper-nickel alloy.
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Noun-metallic mineral producis of the United States in 1882 (spot values).

Quantity. Value.

Bituminous coal, brown coal, lignite, and anthracite mined clsewhere than
in Pennsylvania (@) coeceeceeroomnaaraanireecremnmenannarannnns long tons. .| 60, 861,190 76, 076, 487
Pennsylvania anthracite (B) ..o .ocveonieeirceeisrnammsmrenvacercenaa. do....[ 81,358,264 70, 556, 094

Crude petrolen (€) avee e oeuneiii e i cticciare e iraa e vaaean barrels. .| 30, 053, 500 23, 704, 698
Limo «ooeeeenannns et aaa—nan ...do....| 31,000,000 | 21,700,000
Buildiag StONe .« ovnut iccens i e vmaaeiaeaenan renmanaean 21, 000, 000
BT e oem et e e e — e e e ee 6,412,373 4, 340, 140
Cement. .....coovii it et iiiaaana e temanrmmermrian do....| 3,250,000 3, 672, 750
Limestone for iron fluX . ...coimeuieinasciacascisvaamacinaaeanas .| 3,850,000 2, 810, 000
South Carolina phosphate rock (d) . 332,077 . 1,992, 462
New Jersey MATl8 oo cuven e i ineicarascceerenamcacraeaannans .| 1,080,000 540, 000
Concentrated DOTAX ... ovu.ien i oirrciac e reaacnnramnanacs cmnran 4, 236, 291 338, 903
B T RN - 100, 000 250, 000
Natural gas «.oeom oo it e iiema e rae e ceatee e e | 215, 000
Ocher......... .......oo.... N U long tons.. 7,000 105, 000
0 EY o1 71) o PN P short tons.. 6, 000 90, 000
Crude barytes ccoovoiein e cieanaecacrrevcmeenasaarn, PP, long tons.. 20, 000 80, 000
Procions BEOIEE v it et ien i aeaca e vasencancmeneanceammar e temaealeenianaaa. 75, 000
Gold quartz souvenirs, jewelry, ote....ovuimmnioiariiis oiiiaai e 75, 000
Pyrites ....oevi el e e e mame e imenre s long tons.. 12, 000 72, 000
MADNZATIESE OT@ «neueeaiermeeacnieas s amramm e sneneaacsaensannesnas do.... 3, 500 52, 500
CHIOmME IT0M OT® - .o e ea o cneaaccce s asaan e acseananrianmnscammns do... 2, 500 50, 000
A BDEBEUS - e e et e e et e cra e ar i eeeua et aneann . short tons. . 1, 200 36, 000
Graphite ..ocooveveneiannns et et ey annnas pounds.. 425, 000 34, 000
CODATE OXIAO. e e eeer s emaereoe e e eemsae et eae e reaeaannas do.... 11,653 32, 046

Slate ground as a pigment . -.long tons.. 2, 000 24, 000

Salphur....._............ ..-short tons.. 600 21, 000
Agphaltum .. . veee--odo. oo 3, 000 10, 500
Corundum ..... fecemmminaane ...do.... 500 6, 250
Pumice-stone ................ et eatieaiaamesaeinanaana, do.... 70 1,750

Total .oooie e Y N 227, 461, 580

a The commercial product, that is, the amountmarketed, was only 57,963,038 tons, worth $72,453,797.
b The commercinl product, that is, the ainount marketed, was only 29,120,096 tons, worth $65,520,216,
¢ Pennsylvania and New York field only; the outside production was very small.

d Yecar ending May 31. ’

Lésumé of the values of the metallic and non-metallic mineral substances producedin the
United States in 1882,

D O P $219, 755, 1u9
Mineral substances named in the foregoing table..........c.vacemcune. PP eeremanaaaes 227, 461, 580
447, 216, 689

Estimated value of mineral products unspecified.......c..ccoreiiiemninnnn. ceeicmnaan ceeas 8, 000, 000
Grand total .. ... i ieeteiieaieetaeeeinecamaaeeaeaan 455, 216, 689

In addition to the purely statistical work of this division, information
regarding the occurrence and utilization cof 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 technieal 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 couniry, to whose public spirit and cordial co-operation I am largely
indebted. -
Very respectfully, your obedient servant,
_ ALBERT WILLTAMS, Jr.
" Hon. J. W. POWELL, Geologist in Charge.
’ Director United States Geological Survey, Washington, D. C,

REPORT OF MR, GEORGE W. SHUTT.

UNITED STATES GEOLOGICAL SURVEY,
DivisioN oF FORESTRY,
Washington, D. C., June 30, 1885.

‘Sir: I have the honor to submit a brief statement of the operations
of the forestry division of the Survey for the year ending June 30, 1885.

In accordance with your directiens, 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 sitnation 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, sketches 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 produect 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,

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

Director United States Geological Survey, Washington, D. C. |
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REPORT OF MR. W. H. HOLMES.

UNITED STATES GEOLOGICAL SURVEY,
D1visioN OF ILLUSTRATIONS,
Washington, July 13, 1885,

SIR: During past years it has been the practice of the Survey to give
out a large portion of the work of preparing illustrations to competent
draughtsmen not connected with the office. This method seemed to be
open to objection, and, acting in accordance with 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 ealled 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 Dachenbausen, who has worked only in paleontology.

Draughtsmen 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.
RR. D. Irving, the wife of Professor Irving, prepares his microscopic plates
(a2 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 essential 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-
Iithography, 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 have 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 Loth 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 classes, and where very skillful
draughtsmen are employed 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, which has, however, the 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 resnlts 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. Emngravers 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, eriticism, and correction.

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

‘Formerly 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.

“E
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In the preparation of illustrations care is taken to secure a high de-
gree of accuracy. Tllustrations are no longer to be treated chiefly as a
means of embellishment; they are expected to express facts with a
clearness and aceuracy not surpassed by the language of the letter
press.

With an eye to the future we are endeavoring to secure work of an
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 sections.
74 plates by wood engraving — 14 fossils; 60 landscapes, etc.

54 plates by photo engraving — 15 fossils; 39 landscapes, sections, ete.
148 figures by wood engraving — landscapes, etc.

101 figures by photo engraving — miscellaneous.

Many of the illustrations included in this list were prepared doring
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. Geological landscapes, ete., 45 figures.
Fossil vertebrates, 300 figures. Panoramic views, 8 plates.

Fossil insects, 200 figures. Charts and maps, 20 plates.

Fossil plants, 767 tigures. Sections and diagrams, 90 pla.tes and
Geological landscapes, etc., 20 plates. figures.

A large percentage of the illustrations are engraved directly from
photographs; these are not included in this list. The methods of
reproduction are not determined 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 furnished 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 reproduetlon of
topographic maps which must be prepared with aceuracy and dispatch
for the use of engravers and field parties.
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During the year another duty has been imposed upon this division,
the photographing of fossil remains. This work presents many diffi-
culties, but by it the palseontologist 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 thus several hundreds of valuable 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 apprommateh the number and size of nega-
tives, prints, and transparencies made during the year:

Negatives. ’ " Priits. © 77" 7] * Transparencies.

. Size. ‘Number. | Size. - {Number. |- -Size. Number.
RBxJ4.... o 145 | 2Bx34.eeinane... 1,130 | 28x34......... 145
0x24...ieinnonn 152 | 0x4...... ... 1,161 20x24......... 14
M4x17 .0 enan. 54 | 14x17 .e. ..., 408 ool e
1lix14...... PR 84 | llx14...ca.. ... 3,705 | 11x14......... - 12

8x10............ LR13 | 8x10........... . 3,135 T e

Very respectfully, your obedient servant,
- - Ww. H HOLMES,

: Geologzst
Hon. J. W, POWELL,

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

REPORT OF MR. CHAS. C. DARWIN.

UNITED STATES GEOLOGICAL SURVEY,
Washington, July 1, 1885.

SIR: 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 new quarters.
The room which served for accommodation of the infant coliection 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 publications of

the Survey, and to the correspondence with regard to both of these.
6 GEOL——17
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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 aun-
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 great 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 30, 1884:
Received by exchange....oo ..o ool creeeaan 8,714
Received by purchase.....oecescoeieamencorancicareonnnn. 2, 801
. 11,515
Received during the year: ]
By @XChanZe. . vl e i cee it rianer e 2,451
By purchase....ccoueeoiimeami it iiiieiieiaceieevaea. 746
—_— 3,197
‘Whole number of books..coenviaaan vt iianns s 14,712
Pamphlets
On hand June 30, 1884 :
Received by exchange ... ... coeiviimmnn i eaaes 6,400
Received by purchase...... .. voveviiiioiiiiininiaan. 500
— 6,900
Received during the year:
By exchange....... R 4,000
By DUIChASe..ocueeee vt cere o raraie e e e '300
) - - 4,300
Whole number of pamphlets.....coecmoriremanconniiieciiioeacn s SR 11, 200
Whole number of books and pamphlets. ... ... oov.zieeene i iiaa, 25,912

In this table no notice has been taken of maps for the reason that
they can only at present be approximately ennmerated. 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 contemplated and it is hoped that
on the return of the field parties in the fall they will find the large col-
lection of American 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 very large part of that time which should
be given to the library proper. One 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 deseribing plan of organization and publications.

Report of the Director of the United States Geological Survey for 188081, by J. W,
Powell. 1882. 8. lv, 588 pp., 61 pl., 1 map.

Third Annual Report of the United States Geological Survey, 188182, by J. W.
Powell. 1883. 8. xviii, 564 pp., 67 pl. and maps.

Fourth Annnal Report of the United States Geological Survey, 1882~'83, by J. W.'
Powell. 1884, 8¢, xii, 473 pp., 85 pl. and maps, ~

Monographs.

1I. Tertiary History of the Grand Cafion District, with atlas, i)y Clarence E,
Dutton, Captain U. S. A. 1882, 4c. 264 pp., 42 pl., and atlas of 26 double sheets
folio. Price, $10.12. 7

1II. Geology of the Comstock Lode and the Washoe District, with atlas, by George
F. Becker, 1882. 4°. xv, 422 pp., 7 pl., and atlas of 21 sheets folio. Price, $11.00.

IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp., 3 pl.

Price, $1.50.
V. Copper-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 1. 54 pl. Price, $1.05.

VII. Silver-lead Deposits of Eureka, Nevada, by Joseph 8. Curtis. 1884. 4e. xiii,
200 pp., 16 pl. Price, $1.20.

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

Bulletins.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Aungitic Rocks, 1)5; Whit-
man Cross, with a Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons,
1883. "80, 42 pp. 27pl. Price, 10 cents. -

2. Gold and Silver Conversion Tables, giving the coining value of troy ounces of
fine metal, ete., by Albert Williams, jr. 1883. -8, ii, 8 pp. Price, 5 cents.

3. On the Fossil Faupas of the Upper Devonian along the Meridian of 76° 30/,
from Tompkins County, New York, to Bradford County, Pennsylvania, by Henry S.
Williams, 1884, 8°. 36 pp. Price, 5 cents.

4. On Mesozoic Fossils, by Charles A, White. 1884. &. 36 pp., 9 pl. Price, 5
cents.

5. A Dictionary of Altitudes in the United States, compﬂed by Henry Gannett. 1834,
8. 325 pp. Price, 20 cents.

6. Elevations in the Domlmon of Canada, by J. W. Spencer. 1884. 8o, 43 PD-
Price, b cents.

. 7. Mapoteca Geologica Americana. A catalogue of geological maps of America
(North and South), 1752-1881, by Jules Marcou and John Belknap Marcou. 1884. .
8°. 184 pp. Price, 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D.
Irving and C. R. Van Hise. 1884. 8, 56 pp. Price, 10 cents.

9. A Report of work done in the Washington Laboratory during the fiscal year
1833-'84. F. W Clarke, chief chemist; T. M. Chatard, assistant. 1884. 8°. 40 pp:
Price, 5 cents.
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10. On the Cambrian Faunas of North America. Preliminary studies by Charles D.
Waleott. 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, 80, 66 pp., 6 pl. Price, 5 cents.

12, A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward 8.
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.

- Statistical papers.

Mineral Resources of the United States, by Albert Williams, jr. 1883, 8, xvii,
813 pp. Price, 50 cents. .

FHxchange.—~The increased faecilities for storing and handling these
publications possessed since the removal to the new quarters in October,
-1884, has enabled me more successfally 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
measure and verified to such an extent our address list, that I am able
to report in this department very satisfactory results.

The Third Annual Report has been distributed throughout the world
to the whole exchangelist; bulletins 2, 3, 4, 5, and 6, and monographs IIT,
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. ... . e aaeaa 1,025
Bulletin &. oot e i et eeice s iimeaaeanann 677
Bulletin 8. e e i e iee e tamacmeeee i e 677
Bulletin 4. .coooeooaniae .o e e e e e e et ee et aam——————a 677
Bulletin 5ueenn oot il e tenie e 677
Bulletin 6.cceun omn e e iee e e R e maeaa 677
Monograph IIT . ... i et et cicee raceeecacier e creman canan 669
Monograph IV .o i e et aineceeaeas 668
Monograph V ..__...._... A 667
Monograph VI ... i et iiii e, 676
Mineral ReSOUTCO8 ... .. uuniecees oo iaicn teeacceamaemaaae ce e ceenan 710

Whole nimber of volumes distributed ... .coeocomma oo coneiiol 0 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 year 188485,
Third Fourth First 8econd | Whole fis-
o quarter 1884, quarter1884./quarter1885. quarter1885.| cal year.
. N =

Title of work. E g 3 S & B I 4 o 2 “

s |8| 2 |8 8 |s] 8 {8l E |E| B

S = e = o =] Q =] ) ] 5]

‘g Ic g S g I 8 S g s g

Ay = < < -« B « B> | ]
Monograph IT.......c...... $1012! 545060 ] 1| $1012 |....fecue... RN PN 6| $60 72
‘Monograph IIT ... 1100 (L., PR O 2 $2200 (... ceenn.. 2 22 00
Monograph IV...... | 150| 7 1050( 7| 1050 9| 18350 | 6| $900{29 43 50
Monograph V....... - 185 [ ooeeenenn, 1,18 4 74011} 203516 29 60
Monograph VI..._.._... PR I O 7 FORE O 20 | 2100 | .o femeunnns 20 | 21 00
Monograph VIL............. 120 ....]cuenes R DU 7 840 |12) 14 40|19 22 80
Monograph VIIT, ........... 110 )....loaeeant [ PO RPN 2 220, 2 2 20
"Bulletin 1. .. ceeeneieninn . 0! 2 204 7 70 | 10 10010 106029 290
Bulletin 2.... ..... 05 6 30| 8 40 | 10 50 [ 15 75139 195
Bulletin 3 ........ 05 |104 520] 6 30 [ 12 60 | 13 65 |135 6175
Bulletin 4.... ..... .- 05 1 05§ 7 35 | 12 60 | 11 55 | 31 155
Bulletin 5 ....ovmeuvemnnneaans 20 .o )eeenan 12 24019 380132 6 40 | 63 12 60
Bulletin 6..co covuneniannne. 05 ] 2 0] 7 35| 13 65 ] 14 70 | 36 180
Bulletin 7... T104 2 20( 9 90 | 10 100 9 90 | 30 300
Bulletin 8. 10 §....]. R PO 13 13013 130
Bulletin 9.. .- 05 |. 13 65) 9 45 | 86 2:80
Bulletin 10.....covevunnann. 05 ... . R PPN 9 451 9 45
Bulletin 11 ..ovnviinnanann. 05 |...]oeeeeons [N R IO 36 18036 180
Bulletin 12 . ....ooeiiiioianan 05 ... ].oeiaan PR PP PR 14 70 | 14 70
Bulletin 13 . ..... ... ..., 10 [Leodeennnann T VDN PO 59 590 i 59 5 96
Mineral Resources.... ...... 50 (81{ 1550(46] 2300 68{ 34 00 (45| 22 50 {190 95 00

‘Whole number of volumes sold, 83¢. 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, is exhauasted. :

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, has greatly increased. During the fiscal
year there have been sent out from the cgrrespondence 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,
- CHAS. C. DARWIN,

: Labrarian.
Hon. J. W, POwWELL,

Director United States Geological Survey, Washington, D. C.
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LETTER OF TRANSMITTAL.
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Washington, May 15, 1885.
S1r: 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 Zuiii Plateau in New Mexico.
Very respectfully, sir, your obedient servant,
' C. E. DUTTON,
Caplain of Ordnance, U. S. A.
Hon. J. W, POowELL,
Director United States Geological Survey.
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MOUNT TAYLOR AND THE ZUNI PLATEAU.

By CaPr. CLARENCE E. DUTTON,
. Ordnance Corps, U. 8. A, A

CHAPTER I.
THE PLATEAU COUN;I‘RY AT LARGE.

From 1875 to 1880, both years inclusive, T had been engaged in the
study of the western side of the Platean 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 Mountains and the surrounding plateaus,
and had made his two memorable voyages down the Green River and
the Colorado. Long before that (1857) Newberry had made, with Lieu-
tenant Ives, the famous journey up the Colorado to the western verge
of the plateauns, and had traversed from west to east the great table-
land which lies to the south of the river; two years later he had made
another excursion.from Santa Fé to the junction of the Grand and the
Green. Gilbert and Howell also had rapidly traversed the northwestern
part of New Mexico, passing through the district to be described in
this little memoir, and bad 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 he obtained re-
sults of inestimable value to geological science, with which his name
will always 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 disecussion; all observations and
experiences were common stock, and ideas were interchanged, amplified,
and developed by mutual eriticism and suggestion. The extent of my
indebtedness to them I do not know. Neither do they. I only kuow
that it is enormous, and if a full liguidation were demanded it would
bring me to bankruptey.

No geologist possessing any breadth of comprehension could enter
such a region and, after gaining an extended knowledge of its physical
features, fail to perceive that it is a great unit, a thing distinct in itself,
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114 .  MOUNT TAYLOR AND THE ZUNI PLATEAU.

and sharply delimited from everything which surrounds it. So great,
lhowever, 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. At the time
of my own work in the western part of the province, these first deter-
miuations had been approximately reached through the combined re-
sults of the studies of Newberry, Powell, and the forces under Hayden
and Wheeler, It remained to study in detail the wonderful features of
the region and the great problems associated with them. TFrom the
lofty crest lines of the High Plateaus, and from the highest points in
the Grand Caiion district, my thoughts had 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 counld be only
half solved on the western side might be completely solved on the east-
eru. Many problems turned upon data which could not be loecal, but
which were general for the whole province, Its history and evolation,
the chronology and sequence of its most important events, could be
ascerfained satisfactorily only by knowing the whole. At length an
opportunity came. -

It had been decided by the Director that I was to take up the study
of the great voleanic field in the Cascade Range; but 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 features 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
business was therefore postponed for a ycar, 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 types of
features characteristic of the Plateau province; and inasmuch as I am
desirous of putting it into its natural relation with that province as a
whole, I shall preface the account with a summary view of the Platean
country in its entirety, so far as present knowledge will enable me to
do so0. Indeed such a course seems necessary. In geological deserip-
tions much is lost by the common practice of failing to show how a
district or limited tract is related to its environment, and what part it
plays in a grand whole. Without such a correlation a description has
little interest or ulterior meaning.

A glance at the accompanying map (Plate XI) will show the situa-
tion of the Platean ecountry with reference to the western portion of the
United States, so far as now understood. There is some uncertainty
about the 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 now know, any -sharp boundary, but rather a gradual transition
separating it from adjoining regions. Secondly, those portions of the
boundary which are least definite happen to be the ones which have been
the least studied. There are two distinct regions possessing the Platean
types of topography and structnre—a northern and a southern. They
are separated by the Uinta Range of mountains. With the northern
division, drained by the upper branches and courses of the Green River,
we shall have nothing to do. Though similar, and even homologous,in
most respects to the soutbern couuntry, it is less pronouuced, less im-
pressive and wonderful, perhaps less typical. The main features and
the grander subjects are found in the southern 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 aud older rocks are protruded upwards. It will
be remembered 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 (to 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 ifs southern end. But
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 Wasateh and as far as the southwest-
ern corper of Utah the course of the boundary line is southwestward.
Then it turns due 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 River 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 River the platean bound-
ary slowly swings more and more to the eastward. The Grand Caflion
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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sonthwest. The Basin type of structure extends far beyond the literal
Great Basin as defined by Frémont. 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 Rio Grande Valley.

The Plateau country attains its greatest southing in the southwestern
part of New Mexico. Little is known of its geology there. Its bound-
ary then swings around to the northeast and finally to the north, where
it touches the Rio Grande River. The river now becomes for a time
the definite and unmistakable bounding line. At length, some twenty
-miles north of Albuquerque, that remarkable sharpness of limit which
thus far has 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 arhitrary.

But before attempting to follow it out let us look onee 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 being composed of many short, abrupt ranges or
ridges, looking npon 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 Oregon
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 granitie, tilted up at considerable
angles, always more or less faulted, and considerably warped and flexed.
Erosion has given 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 tfrom' the fork, is narrower,
and has very few and widely scattered ranges, Near the fork they have
some similarity to the Basin types, 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 Alpine 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. Ihave already shown
how trenchant is the boundary which divides the plateaus from the re-
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 the southernmost promontory of the
Plateau country. But the eastern boundaries of the plateaus are not .

>
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o 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 throughount much of it and is never far
from it, Near the boundary line between New Mexico and Colorado,
in the valley of the Rio Grande, we come upon the southern termina-
tions of the Sangre de Cristo and Sau Juan Ranges. 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,
first 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 Uintas. The
area of the Platean country thus described may be stated approxi-
mately at 130,000 square miles.

It will be impossible here to do more than pass in hurried review the
principal features of the Platean country. The name might 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 the wilder parts of Colorado; but instead of mountains with
sloping flanks we find innumerable cliffs, often of great altitude and
length, stretching across our pathway or vanishing on either hand into
the dim distance. The main drainage channel is the Colorado River.
For mauny leagues on either side of it the country is cut by number-
less tributary cafions, such as are never seen elsewhere. They are mauy
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 country is
subdivided are usually rather smooth or moderately undulated, 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 drops the
profile almost vertically upon some lower level until the lowest is reached.
The most extensive unbroken platforms are those in the vicinity of the
Grand Cafion. 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 6,500 feet.

The 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, however, it is desirable to
advert to those stratigraphic and structural features to which this topog-
raphy and scenery stand in the relation of effects to causes. Except
as hereafter described, the strata lie in a nearly horizontal position. The
inclinations, which are frequent enough, 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 single
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beds or restricted groups of beds for many 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 lowones. 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 second formation takes the same dip as the first, and after a few
miles is lost to view in its turn by the advent of a still higher one.
Each formation thus appears as a terrace, bounded on one side by a
descending cliff carved out of the edges of its own strata, and bounded
on the other by an ascending cliff carved out of the strata beyond,
which 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-
placemcents or dislocations of the strata, In other countries exhibiting
considerable disturbance of the strata, we find the beds undulated, with
anticlinal crests and synclinal troughs succeeding each other at brief
intervals. There are many flexures of the strata in the Plateaun country,
and gigantic ones, too; but I do not know of a single well-marked typ-
ical anticline or syncline in all its broad expanse. The flexures are in-
variably monoclines. - ,

The 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 configuration 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, and still longer ones are known. The displacement is sometimes
as great as 3,000 feet, i. e., the strata ascend along its slope by that
amount. The 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 mouoclinal displacements, we also meet with great faults,
where the strata are neatly sheared and hoisted on one side or depressed
on the other. These 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 always |
wholly distinct, for the monoclinal dislocation frequently passes grad-
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nally into a fault, and vice versa. Some of these grand structural feat.
ures I have deseribed in former works, and others will be spoken of in
the subsequent pages.

The Plateau country also abounds in voleanic rocks and extinet vol-
canoes. It is observable at once that the eruptions 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 old, probably, as Middle Eocene time ; others are
so recent, that it seems almost certain that thiey occurred within the
last thousand years, and there is no intrinsic improbability that some
of the earliest Spanish visitors mmay have witnessed them, though they
have 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 intcrest, for we
may perceive how they are associated with the marginal portions of
the province and occur very sparingly in the interior parts of it. Near
the southern base of the Uintas we do not know of any large or
important masses of volcanic rocks., But our knowledge of that por-
tion is not sufficient as yet, and future examination may disclose much
more cruptive material than we ‘are now aware of. Some scattercd
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 come upon enormcus massesof volcanic rocks,
covering an area of nearly 9,000 square miles, and attaining in many
portions a thickness of three to four thousand feet. Most of these are
of great antiquity, going back to Middle Tertiary time, and some of the
oldest ones, perhaps, to Eocene time. But therc are others which are far
more recent, and it seems extremely probable that the latest of them
have been erupted within a few bundred years. Southwest and south of
the High Plateaus are wmany minor volcanoes, now wholly extinet ; and
as we descend to the Graud Cafion platform we find cinder-cones, most
of them well preserved, scattered about among the cliffs and terraces.
Aswe approach the great chasm along its western half we enter several
extensive volcanic fields, in which cinder-cones are thickly clustered.
Many streams of basalt have flowed from them, flooding many hundred
square miles of desert. Cones and lavas both show that no great length
of time has passed since they were in action.

- Crossing the Graud Cation, and still near the margin of the Plateaun
country, we find the respectable volcanie 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 Francisco Mountain,



120 MOUNT TAYLOR AND THE ZUNI PLATEAU.

is a cone of almost the first order of magnitude. Its altitude above the
sea, according 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 lofty crest of the plateans looking
down southwestward over the Sierra country. This crest and the table-
land north and east of it are thickly sheeted over with lavas, and the
area so covered 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 deseribe it. Still further to
the southeast, as far as the southernmost promontory of the Plateaun
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 withlava. Indeed, we are seldom out of
sight of them. Some are of considerable extent, others are hardly more
than individual coulées. West of Albuquerque we find the lava fields
very abundant, and in the vicinity of the San Mateo Mountains they
become very extensive and present features of the greatest interest and .
some novelty. This particular locality is to be one of the principal
themes of the following chapters, and its discussion will be passed over
for the present.

The remaining portion of the Plateau boundary has 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 voleanic conglomerates,
But this range has been regarded as lying just without the margin, in-
stead of within it. Still we find traces of old eruptions within the bor-
der, 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 they and some of the sedimentary strata
which they covered have been swept away by erosion and 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 eraptive materials and piteh his camp
upon them every night. So far as we now know none of these erup-
tions are older than Tertiary 1ime; 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 Platean country volcanic rocks are scarce. Still they ocenr, but
under circumstances which are always interesting and suggestive. It
is no uncommon thing in the heart of the Plateau region to come sud-
denly upon a long, narrow wall of black rock projecting hundreds of feet
in air, rising out of a flat plain. The rock is a dike of basalt or ande-
site; but the dike itself is all the eruptive material we see —no lava
stream overflowing 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
find sharp pinnacles, towers, and spires of the same black rock rising
1,000 teet or more. The people who herd cattle in the vicinity call them
needles. The geologist wonld 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 composed 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 spaces of the Plateau countryis 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 aceu.
racy. Still we are not without the means of inferring 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 outflowing in broad
streams, intruded themselves between the strata in great leus-shaped
masses half a mile or more in diameter and several 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 ¢ lacco-
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 Plata, and El Late.

There is another group of geological occurrences in the Plateau coun-
try 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 occursin 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 Annual 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 one.) There is a considerable number of thesein the plateaus,
and they are of great importance by reason of their association with the.
most impressive features of the region. Lhey 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
thousands of feet in thickness and thousands of square miles in area
have been swept away. Along with this denudation has oecurred 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 oue of the finest exawmples of it is found in the Zufii Mountains,
which are, in fact, a perfeet homologue of the San Rafael Swell.

The distriet which it was my privilege to study during the summer of
1884 lies in the southeastern part of the Platean province. In these
parts the Rio Grande River forms a well marked and decisive boundary
of the Platean country. The eastern margin of the distriet examined
lies about fifty miles west of the river. It is a tract embracing two de-
grees of longitude 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 general 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 completed, it was adopted
as the field of study. Within the area thus mapped (between longitude
107° and 1090 and latitude 35° and 36°) oceur two distinet categories
of geological phenomena; one an exceptionally interesting exhibition
of voleanism, the other a fine instance of those peculiar elevations of
which the San Rafael Swell is the type. Both are full of instruction
and they will be discussed separately.

The volcanic field which I shall describe centers around Mount Taylor,
a large solitary volcanic pile sitnated about sixty miles west of the Rio
Grande River, It has for some years been regarded with special interest
alike by geographers and by geologists. The other field which imme-
diately adjoins it is the Zufii Plateau ; or as it is designated on the maps,
Zuii Mountains, It has always been my desire to discuss only such
geological fields as present a series of facts which can be g-ouped to-
gether into a definite, easily comprehensible whole, and to avoid a sub-
jeet which has, so to speak, neither head nor tail to it. Both of these
fields have 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 traversed by numerous Government expe-

t How this name got into the nomenclature of Western topography, I do not know.
1 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, and
above all, for the location of the best routes of communication by land
across the continent and of intercommunication between the scat-
tered military posts. Whatever other information could be readily at-
tained without inconvenience to the primary objects was eagerly gath-
ered, and the amount of it was considerable. One of the routes em-
braced in the grand scheme of explorations for a route suitable for a
Pacific railway in 1853, lay throngh this country. It was commanded
by Lieut. A, W. Whipple, who was accompanied by Mr. Jules Marcon
as geologist. Mr. Marcou proved himself to be a diligent investigator,
and 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.

The want of a good topographic map prevented the greater degree
of accuracy which Mr. Marcou would otherwise have given to his de-
lineations, but the material for making one did not then exist. He
has shown much skill and acnmen, and the modifications which fuller
and mpore detailed information, with much better maps, requires us to
make in his conclusions are not radical.

In the year 1857 the memorable journey of Lieutenant Ives was per-
formed, and Dr. J. 8. Newberry accompanied this expedition as geol-
ogist. To Dr. Newberry 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. TLieutenant Ives ascended the Colorado River for a
distance of more than 400 miles from its mouth in a light-draught steam-
boat; and when he could sail it no further he left it, with his party.
Striking southeastward he at length ascended the Grand Cafion plat-
form south of the river, and after reaching the bottom of the great
chasm at Diamond Creek, and nearly reaching it in Cataract Caiion, he
turned southeastward to the San Francisco Mountains. Thence he pro-

< ceeded 'to the Moki towns and Fort Defiance. From the latter post
Dr. Newberry went homewards through the distriet which is to be spec-
ially discussed in the following pages. His route touched the course
now followed by the railroad, at Mineral Spring, which lies between
Wingate 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 that 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 cafions are the work of erosion does not require
'Geology of North America, by Jules Marcou, Zurich, 1858, Printed for the author

by Zurcher and Furrer. In that work the Zufii Plateau is called the Sierra Madre
Mountains. This latter name is preoccupied.

T,
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that the observer who has 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, that the cafions are merely the
last finishing touches of an erosion incomparably more vast, required
no ordinary penetration. The stratigraphic work which heaccomplished
will probably never require much emendation, though in details it may
be amplified. It is the work of a master. Whatever theme he touches
upon is handled with thorough learning, and what 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
how little he will have to retract or defend. ‘

In the year 1873 Lieunt. (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 West of the One Hundredth
Meridian. Their accounts are very meager and could not have been
otherwise, for they were mere accessories 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 suggestive. In connection
also with the surveys of Captain Wheeler, the distinguished paleon-
tologist, Prof. E. D. Cope, visited New Mexico and made many interest-
ing discoveries. )

His notes upon the stratigraphy of the country in the vieinity of Santa
Fé are very valuablé. The survey of Dr. Hayden did not extend far-
ther into New Mexico than a few miles south of the Colorado boundary.
But a portion of the Plateau province is included in the southwestern
part of that State, and the geological features there presented are in
most respects so clearly identical with those farther south that the
closest correlations can be made. Mr. W. H. Holmes’s work in the val-
ley of the San Juan River becomes therefore of great importance in this
connection, and the more it is studied the more evident it becomes that
Mr. Holmes is as accomplished in field work as he is with his pencil.
(Hayden’s Annual Report for 1876.)

Thus the region ubder discussion is by no means a new field geolog-
ically, Able geologists have visited it before and have pointed out
many of its salient facts. But the geological work done there has neces-
sarily been of the fragmentary, running-reconnaissance kind, 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 provinee of which it is but a small part, was sufficient to
justify the attempt to give a comprehensive view of it either as a unit
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 Wasateh 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 Grande a new
topography begins, the topography of the Plateau country. From the
house-tops of the town we recognize it at once; and if we take the
cars of the Atlantic and Pacitic Railroad, which here leaves the Atchi-
son Topeka and Santa F'é, we shall soon find ourselves within it. Ten
miles south of Albuquerqgue the railroad crosses the river and at once
winds its way into the land of cliffs, terraces, and calions. For more
than 120 miles the track steadily ascends with a strong gradient until
it reaches the Continental divide, which separates the waters which flow
into the Gulfof Mexico from those which run to the Gulf of California.
The condition and aspect of the country along this route 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 and insufferable in summer; higher up the summers are tem-
perate and the winters barely sufferable. Below, vegetation is limited
to scanty 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 thedesert elsewhere, resents the scorching sum-
mer and refuses to stay, and the cacti, vengeful and repellant every-
Where; here assume a still more cruel and misanthropic mien., Higher
up the junipers begin to appear, at first gnarled, stunted and timid, at
length bold, exuber?mt, and well favored. Still higher the yellow pines
become abundant and cover thousands of square miles of mesa and up-

land with magnificent forests.
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A few miles west of the river we observe around us the low ledges of
eroded strata lying nearly horizontal, the beginnings of those cliff and
terrace forms which grow higher and grander as we advance. 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. Traces of volcanic action, too, are abundant. Thin
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 scattered about in an irregular way, as if the molten stuff had been
dashed over the country from some titanic bucket, and it lies like a great
inky slop over the brightly colored soils and clays. There is often no
trace of a vent or cinder cone marking the spot whence it issued 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,
however, the vent is seen, or rather a small cone built up around the
vent. A cluster of three or four of them way 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 miles 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 theinterval there, and 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 southward. Where we first encounter
these cliffs 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-
sageways between the mesas, and these valley lavas are seen at once to
be much younger than those on the tops of the tables. Aud by the
way, what is a mesa? What is the speeial significance of this term ?
And why is it used instead of good Anglo-Saxon? 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, but) Anglo-American
language is in sharp, crisp, definite topographic terms ? English writers
scem to have gathered up a moderate 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
above 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 land, 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 cliff.
One side may be cliff-bound, while the other dies away by a gentle,
barely perceptible declivity into distant lowlands. Still it is 4 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 Mexican a mesa, though we
might in this case call it a terrace. The Mexican sees but one side at
a time, and if that answers to the general conception it is enough for
him.

All the various forms of mesas are common in the Plateau country,
though the terrace form is perhaps more frequent than the others.
‘While the number of mesas completely engirdled by terminal cliffs is
absolutely great, yet relatively it is not so. They are among theless
common forms. The courses of their margins are by no means regular.
The cliffs sometimes maintain an average trend through vast distances,
but in detail their courses are extremely crooked ; for they wind in and
out, forming alternate alcoves and promontories in the wall, and these
in great numbers. Frequently the mesa is breached entirely throngh
by a valley, and this valley may be either a narrow cafion or an 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 cuat
completely through a long and wide chain of them. It is the valley of
the San José, On the north rises the rather immposing 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
everywherc heavily capped with ancient lavas, some of which came
from the great central pile and some from the parasitic cones which
surround it. On the south is another series of nesas, 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 remmnants of old cinder-cones, from which much of the lava
emanated.

A farther distance of 25 miles carries us through the belt of high mesas.
As weemerge upon the western side we find ourselves in a country which
is more attractive than that we have left, and with some very pictur.
esque features. At Grant Station (see map, Plate XIV) Mount Tay-
lor bears northeast, while the western fronts of the mesas to the sonth
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of it are seen to have somewhat imposing proportions. To the westward
rises by moderate slopes a large and rather lofty mass, designated on
the map ¢ Zufii Mountains,” though it seems to me more proper to call
it a platean. 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 enconntered. On the left side of
the valley are the rather gentle though sufficiently marked slopes of
the Zuiii 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 freshness betokens great recency of
eruption ; and indeed a very few hundred ycars only can possibly have
passed since it was outpoured. As yet the source whence it came is not
visible, but we shall find it mauny 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 ‘ malpais,” 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 ourselves 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
country, with which we have already become familiar in other portions
of it. Before us it stretches for 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 and the slopes of the Zuiii Plateau. The width of this valley
varies from four to six miles, and beyond Bluewater Station (see map,
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Plate X1IV) the cliffs are veryimposing. Between Grant and Bluewater
the road crosses a wide expanse of malpais, which is naked in some places
and in others is covered with blown sand and dust, forming a thin soil.
The great cliffs to the north are Jura-Trias, capped with a heavy adaman-
tinelayer of quartzitic sandstone, which represents the basal member of
. the Cretaceous. The slopes of the Zuili Plateaun to the 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,
8o 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
River,! a tributary of the Little Colorado (Colorado Chiquito). The
Leart of tLe Zufii Plateau is still to the south, while to the north the red
and variegated cliffs 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, and enter once more upon the Cretaceous. But having nearly
reached 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 Wingate, 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 Navajo Nation on
the one hand and the move peaceful Zuifiis on the other. Just south

of the post and immediately above it rises the highest part of the pla-

teau. From its summit we gain an overlook of the country far to the
northward and westward. To the north there is comparatively little to
attract attention except the great cliffs which we have already noted
and which are, so to speak, close at hand. But the eye now ranges be-
yond their crest lines into a region which presents but little diversity.
The land 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 by ero
sion to form bad-lands. . From the crest of the 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.

!There are unfortunately within the limits of the region covered by the map given
herewith two rivers named Puerco. One runs northeast of Mount Taylor and empties
into the Rio Grande a few miles north of Albuquerque. The other is the one referred
to in 1he text. It heads west of the divide, and belongs to the drainage system of the
Colorado. The use of the same name for wholly distinet rivers and mountains was as
common among the Mexicans as among the early American 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 Puerco West.
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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 ount-
lined against the horizon, and nearly 100 miles to the northeastward, far
heyond the limits of the accompanying map, there rises a long, flat pla-
teau sumnmit having, I should judge, a length of over fifty miles. It is
the Nacimiento or Jemez Range. It is a repetition of the Zufii 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.!

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 frequently pro-
nounced Chusca and so written on older maps), which is one of the sa-
cred places of the Navajos. Itisin fact a lofty mesa, composed of strata
which are horizontal in the eastern and middle portions of the mass, but
turn upwards 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 distinguishableat adistant 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 Per-
mian or Lower Trias; beyond it all is Cretaceous. Before I have con
cluded this paper I intend to 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 as soon as practicable’ the description of the Zufi Pla-
teau on which we are standing and of its immediate purlieus. Yet,
betore 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 lanks. Only a few points need to be noted. The
southern and southwestern side is simply a repetition of the northeast-
crn 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 cliffs facing us. Be-
yond their crest line the Cretaceous strata reappear, stretching far

! Geological Report by J. 8. Newberry, exploring expedition from Santa Ié to junc-
tion of Grand and Green Rivers in 1839, Capt. J. N. Macomb commanding. Mr. Os-
car Loew has also given some hasty notes of this range in Licutenant Wheeler’s re-
port for 1875. (Aunual Report upon Geological Explorations and Surveys West of the
One Hundredth Meridian, by George M. Wheeler, first lientenant 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 regiofns to the southward. Tbus, then, the
Zufii Plateaun 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 the Mesozoic has been denuded, leav-

ing the 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
their 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 2,000 feet
above this standpoint, the radius of vision wounld 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 STRATIGRAPHY.

The strata of the Plateau country are remarkable for their homo-
geneity or persistence of lithologic characters when considered with
reference 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. Kach great group preserves its characteris-
tics with singularly'small amounts of variation from place to place, but
the several groups differ as much as possible when compared with one
another. The study of the geological features of the western border
of the Plateau province during five successive seasons had produced 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 constituled a range of associations as distinet 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 horizous as between the two sides of the Plateau
country. Some weeks of travel and study disclosed differences of detail
sufficient to forbid at first any unreserved attempt to diagnose the forma-
tions peremptorily by their mere lithologic aspects, as we had 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 were found to
be quite as strongly marked and individualized and in nearly all cases
quite as persistent over wide expanses of territory.

In this portion of the Plateau country the fossiliferous rocks are all
included between the middle Carboniferous and the summit of the

i
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Wasatch Eocene. The lower Carboniferous, Pevonian, Silarian, 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 the 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 given 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 cafions of the Colorade. In~the Grand and Marble
Cafions 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. Itslower Carboniferous age has been
well ascertained. Above and below it are numerous bands of limestone
and calcareous sandstones belonging to the same group and always
classed with it. While it is always found at the exposures of its proper
horizon in the other parts of the Plateau conntry, it is plainly wanting
in the district we are about to study, and its absence is certainly a
striking facf. It appears to be absent also from the Nacimiento Range
northeast of the Zufii Plateau, where the upper Carboniferous rests
upon the Archean just as it does here, In Southern and Southwestern
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 Carboniferous 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 lithologie 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 out 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 very fine red
sand. Fossils are scarce, but may be found here and there in sufficient
quantity and distinetness to identify their age. These fossils, so far as
I bhave 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
deposited 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 inconceivably slow solution of their siliceous contents
by atmospheric waters. There are several bands of these adamantine
sandstonés, and 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 seme differences in
comparison with those north of the Grand Caiion, the upper Aubrey
shows none, except in thickness. Its cliffs in the upper wall of the
Grand Canion and those overlooking the granite of the Zufii Plateau
are so similar that it is hardly possible to doubt that their materiais

Fi1e. 1.—Wingate sandstone; the equivalent of the Vermilion Cliff sandstone of southern Utah. Photo-
graphed on wood and engraved.

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 good, not only for the Aubrey series as a whole,
but for all its subdivisions and principal members. Inthe Grand Cafion
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 has always been a
troublesome one to the stratigraphist. That it exists there has been
established with as fair a degree of certainty as paleontologic evidence
will admit, by the researches of Mr. C. D. Walcott, who has found what
are regarded as distinguishing fossils north of the Grand Cafion.! Dur-
ing the last season I found near Fort Wingate several specimens of Bake-
wellia and an attenuated form of Myaline, 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 Carboniferons below, but no really satisfactory
separation from the Trias above has yet been made. Mr. Walcott has
assumed a provisional upper limit at a well-marked, coarse sandstone,
oceurring near the southern boundary line of Utah, to which Powell
gave the name of Shindrump Conglomerate. Curiously enough, this
same Conglomerate, with identical features, occurs at Fort Wingate, and,
indeed, wherever its horizon comes to daylight throughout this region.2
Mr. Walcott’s division is an arbitrary one, but is probably justifiable
under the circumstances, because at the base of the Shinarump Con-
glomerate we often find one of those peeuliar 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 answer 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 luvender colors. They aresandy shales, containing
gypsum and selenite in abundance, with here and there thin bands of
limestone. 1t runs more to thin, sandy shales than anything else. In
its upper portions it contains a great abundance of the silicified trunks
of large coniferous trees. This characteristic, too, is common to both
sides of the Plateau provinee, and is also met with in all intermediate

! Lingula mytiloides, Discina nitida, Orthis ? Rhynchonella Uta, Nucula, two spe-
cies; Ariculapecten, threespecies; Myalina, four species ; Naticopsis, two species; Pleuro-

tomaria. ? Macrocheilus 9 Cyrtoceras ? Goniatites ? Nautilus
-1 Pleirophorus ? Schizodus ? Bakewellia. parva, and two other spe-

cies; DPleria 7 Mytilus ? Rissoa ? Pentacrinus ———1% and Pileolus
' :

2 The persistence of this formation is indeed most 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 mem-
-ber, which has an average thickness of hardly 50 feet, is found all over the Plateau
country, so,far as we yet know. The Potsdam sandstona of the.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 Shindrump Con-
glomerate keeps its aspect unaltered wherever it spreads. This would have been less
remarkable if it had been a limestone or a fine-grained sandstoune or shale. It is very
perplexing when we attempt to conjecture how such materials could have been dis-
tributed so uniformly over sueh immenso areas.
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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 the Plateau country.

Fi6. 2.—Wingate sandstone, with many beds and partings; the same horizon as that shown in Fig. 1.
Photographed on wood and engraved.

(3) The Triassic system of New Mexico cannot be correlated so easily
with its cognate beds in Southern Utah and the Grand Cafion district
as the Carboniferous and Permian. In the former region ithasyielded
but few fossils, 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.
The 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 Shindrump Con-
glomerate and the lower COretaceous 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 Shinaramp
Conglomerate, will be for the present the provisional base of the series.
Aboveit 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 are regarded by Cope
as being of the same age. Above these dark shales lies a series of
lighter colored, pale, dull-red shales the thickness of which I had no
opportunity to wmeasure satisfactorily. They 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 bands of hard 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. Out 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. The most superb cafions of the neigh-

F16. 3.—Zuii sandstones, consisting of the upper members of the Jura-Trias system. Photographed
on wood.

boring region, the Cafion de Chelly and the del Muerto, 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-

v



U. 8. GEOLOGICAL SBURVEY S8IXTH ANNUAL REPORT PL. XVI

Wasatch Sandstoncs 1600 f¥.

Tertiary

Laramie Group 800 ft.

Upper Fox Hills Shales 550 ft.

Foz Hills Group

Lower Fox Hills Shales 900 ft.

Colorado Shales 1200 ft.

Colorado Group
Cretaneous

Dakota Sandstones 250 f1.

&
Zuni Sandstones 1100 yt. -§
N
Wingate Sandstones 450 ft.
§
&
B
: 3
LZower Trias 1600 f%. 3 5
§
e )
Permian 450 ft. 3
J
T e wn |
<
§
Lower Aubrey 800 ft. §‘
s

Archean.

GENERALIZED STRATIGRAPHIC SECTION, ZUNI PLATEAU.



-«

DUTTON.] THE GENERAL FEATURES OF THE DISTRICT. i37

tire sub-group is presented as a single indivisible member. Sometimes
a portion of the partings is effaced, and a part is so presented. Sowe-
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. Most fre-
quently there will be at least 250 feet presented without subdivision
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, however, 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 immediate vicinity of the Zuii Plateau its thickness averages
about 450 feet. To the northward and northwestward it attains from
800 to 900 feet. :

(4) Above the Wingate sandstones comes another series of sandstones
and sandy shales with occasional masses of gypsum, the thickness of -
whicl is also very variable, ranging from 800 to 1,300 feet. Of all the
stratigraphic subdivisions, it is the most inconstant when traced from
placeto 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 and even amazing. This formation, like the Wingate
sandstones below, sometimes has its partings effaced, and is presented
like a great massive individnal member, but not so as a general rule.
Between Wingate and Zuni, around the southwestern flanks of the Zuii
Plateau, it is texturally solid and homogeneous, and yet is divided up
into alternating bands of bright red and white, like the Aierican flag.
The white looks as if it had been painted with pot and brush upon a uni-
form smooth red surface. Around Zuiii the whole mass is of a nearly
uniform creamy white color, suggestive of the White Cliff sandstone of
Southern Utah (Figs. 3 and 10). In Pyramid Valley, sonth of Manuel-
ito, on the Atlantic and Pacific Railroad (see western border 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 Trort 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 gypseous 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 abundantin thisseries. Ihavein my field-notes named
these beds the Zuili sandstones, ‘ ‘ ‘

Altogether we have between the Permian and Cretaceous horizons
about 3,500 feet of beds, mainly sandstones, with some gypsum beds arid
a few thin sheets of limestone. - Can the whole of this great mass be
Triassic? The question is one which the paleontologists must ulti-
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mately decide, bat the fossils are so few and indecisive that they are
hardly in a position to answer it., Dr. Newberry is inclined, with some
reservation, to call the whole Triassic and to diseard the Jurassic alto-
- gether. Professor Cope, on the contrary, attributes a Jurassicage to the
upper portion. Dr. Newberry found at the summit of the series and
just bencath 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 cxpect a satisfactory answer until the evidence shail have been col.
- lated in sufficient quantity and force to warrant a confident opinion.
General considerations, however, strongly favor a Jurassic 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, and 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 lying be-
tween the Permian and the Cretaceous.

(b6) Itisdifficult to conceive of two kinds of scenery more strongly con-
trasted than those presented in the Plateau country by the Cretaceous
and the Jura-Trias 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 are 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 stretehing 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 50 vast and at the same time so monotonous
that in order -to present its chief component masses in a way that 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
cach other by masses of soft, thinly-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
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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 (inascending order) we have some 1,200
feet or more of shaly beds; between the second and third nearly 900

F1G6. 4.—Battes and mesas of the Middle Cretaceous. Photographed on wood.

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 the 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.

OO TU A W

] ) Feet.

Latainio SrotD «cocse sessosmadsms sonmas somsesassasosessmsseesse ooy swos 800

;- Masgive sandstones (UPPOL) . s sewssesisnsene senwepcmsoss sdsss s ees 125
L Shales and Marls . osaimemes mevmssimsses sewmme FerssEVems Serrss Sevnssses 550
« Masgive sandstones; .. sissessse sssssmassamsmsssesmesss v srrreseass SHESEEEE 175
, Shales and marls: c-ssessemssrmrssssssiisesnis s s Fesers e s FEREE TR 900
s Massive Sandstones. .- sssswis cvssunamsons srmres wassamssmmsreRnesE S EEREEE 125
+ Bhales and MATIS cosmms v ammasnimmendas s s Trr R FrER s eeE SR S 1,200
. Dakota 8andstone .-...cccciceacaccmaciocncsosanons R R SRR 250
LOLaL. <o vmanstmmammans ssme s RE R S S AR RS e RS SRS RS S RS 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 the topography and outward aspects of the beds. To investi-
gate the fauna and flora and 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 seasons’ labor by an experienced paleontologist. The
monotony of the series, the great inequalities in the amount of erosion,
the similarity of the different portions, and the enormous mass of the
series make it a dificult one to unravel. Fortunately, the shaly and
calcareous beds generally yield fossils, sometimes abundantly, and with
time and patience the subdivisions of the system can be satisfactorily
made and correlated with those of adjoining regions. 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 Geographical Survey of the Territories) in
the valley of the San Juan River, 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
coal of the same sort from other localities. The quantity of this coal is
enormous, for it is found in many thousand square leagues of territory.
It is not at allimprobable 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 ofa large remnant of sandstones in
the Choiskai mesa only a few miles to the northwestward and a much
larger oune a little more remote lying due north. The latter locality,
however, was not visited, but it has been identified by Professor Cope
and other geologists attached to Captain Wheeler’s survey. Its limits
are nnknown to me, and I have not ventured to attempt their expres-
sion upon the map. With regard to those upon the Choiskai mesa, two
visits to them, one by myself, the other by my companion, Ensign O. G.
Dodge, U. 8. N., failed to bring to light any fossils, though diligent
searéh was made. Of their Eocene age I have no doubt. By noting
the dip and thickness of the Cretaceous system traced in two directions
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.
They differ also in character from the recognized Cretaceous, being
chiefly hard obdurate sandstones, with a few softer marls and shales.
They answer well to the descriptions given by Newberry, Holmes, and .
Cope of the Wasatch beds in the Cafion Largo to the northeastward,
Undoubtedly, the Laramie beds are below them, but my journey over
this ground was made under great pressure and I had not the opportu. -
nity to attempt the identification of the Laramie Group. The Wasatch
beds are very thick, bitt 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 Laramie can hardly exceed one-third of the whole.



U. 8. GEOLOGICAL S8URVEY

8IXTH

ANNUAL REPORT PL. XVII

1200 0 1400 /1. Caiton Large
1 Sundstone and Murls J\'eu?berry
Wahsater ) | | T
e 90 9
) 600 10850 1. Puer Loo Harls
Badland Marls Cope
$
¢
800 /2.
Za?;a;)MG vp?:ogl Soft Sandstones and Marls
L { coal 1 Vein of Lignite 26 f1.
Pictured Clyfs g raasiiz] 130/t
Group e Sandstones, massive
| fossils 2
San’rl Shale 5 400 to 800 /1.
Group Shules und Clays
® fossils 3
Fox Hills 4 Upper Escarp ¢ 190 /t.
Sandstones, massive
800 t0 900 ft.
2iddle Coal r Sandstone, Shale, Marl Mesa Verde
Group and Lignite
ZLoer Fscarp 8 I | I ' , A0
\ e sl 6
1200 0 1500 /.
Shales ;
Colorado, and 9 Durk .S;hulu
>, and
Limestones Limestone
JSossils 8
""""""""""" Jossila 9
N = (oul 3-4 /1.
Tpper Daliola 10 Hard S‘;z:tdxtmey . I l ‘ l ) 200 10.350
Conglomerate I l I I ) Sandst
Dakowa TVariegated marls 500 l;)8m
Zower Dakola n and a Jt.
Soft st l
\ s s‘
( Bone Bed (of Newberry ) 12 Zaminated, Dull Red 200/t.Sandstones
White and Pink Sandstone
. ) 1000 /2. +
riassic o — ——
T @< - 12
RedMassive Sandslone
1 IR

GENERAL SECTION, VALLEY OF THE RIO SAN JUAN, BY W. H. HOLMES.
[Taken from Hayden's Report for 1876.]






CHAPTER 111.
THE ZUNI PLATEAU.

The platform named Zufii Mountains on the map is not a proper
mountaio range. It is an elevation of the plateau type, produced by
some uplifting force raising it considerably above the surrounding
regions. On the northeastern side the strata rise by a gentle acclivity
to its summit, where they become horizontal and continue so as far
as the southwestern border. Then they decline again into the regions
beyond. The summit of the platform is excavated into a broad valley
by erosion, with remnants of the strata which once stretched across still
remaining. The geuneral trend of the axis of the uplift is northwest
and southeast. )

From the 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 ¢liff which drops the profile of the land upon the
Jura-Trias. This latter formation reaches farther inward towards the

plateau, but is at length cut off exposing the Permian. Finally the -

Permian ends in like manner, leaving the Upper Carboniferous 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 plat-
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, buf 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 X VIII), From the north-
east the strata rise towards the summit by long gentle slopes, while

upon a part of the southwestern flank they turn up suddenly, and at a

high angle, in the Nutria monocline, a feature which will be examined in
some detail farther on. To the northwest the elevated tract diminishes
in height and in breadth and finally vanishes completely, To the south-
east it similarly vaunishes, but more gradually; bot its termination in
this direction is considerably beyond the limits of the map, and there-
fore cannot be shown. Inorder to gain some more definite conception
of the arrangement of the compoaent masses, and at the same time to put
141
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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 which have up-
lifted the plateau. .

Barly in Tertiary timne 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.
When the elevation of the plateau beganand made progress, the sum-
mit and flanks were attacked by erosion. In accordance wiih a well
known law, erosion acts with the greatest vigor where the declivity of
the surface is greatest. This law, which depends npon a good many
factors, and is quite complex when resolved into its compounents, has
been admirably analyzed by my colleague, Mr. G. K. Gilbert. Accord-
ingly, after some marked elevation had 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 oceur 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 destruetion of
- the strata required a long period of time for its accomplishment, and
though the whole of it has been effected far within the limits of Terti-
ary time yet the results of the process are everywhere elognent of an-
tiquity. As the denudation went on the plateau-mass was pushed up
higher and higher. And as the central masses rose they bent upwards
the edges of the eroded beds on the flanks. The abruptness of this
flexing of the beds is very variable, and is generally more conspicuous
on the southwestern flank, where it gives rise to the Nutria monocline.
This stroctural 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 inelination of ouly 6° to 10° at the
most. There is here a series of cliffs 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 Jura-Trias 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 -alluvinm, which conceals the beveled edges of the lower
Triassic members; and where the rocky strata rise to view out of the val-
ley, and further iu towards the plateau, the Permian beds alone are seen.
As we follow the trend of the monocline northwestward the dip of the

1Geology of the ﬁenry 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 75°. This
abruptness continues thenceforward throughout the northwestward
course of the flexure until near the end; the inclinations, however,
diminishing to about 50°. In this part of the monocline there are some
very curious details worthy of special examination. At Nutria the con-
figuration 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
horizontally towards the monocline and actually abutting against it.

CRETACEQUS é CRETACEOUS ZUN( SANDSTONE WINGATE |  LOWER TRIAS, PERMIAN &e,

SANDSTUNEi CARBONIFEROUS.

i |

F1c. 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 stand-
ing nearly vertically and with 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 thesurface 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.!

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. 8. 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, Joreph C. Ives, and known as the Ives Exploring Expedition. He went
through this pass in the year 1855. His representation is substantially the same as
that given here. Mr. G. K. Gilbert also gives a section at Nutria in Vol. III, 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 700 to 759, there are no traces of
differential slips or joints, and the layers of hard Dakota sandstone
have been flexed without visible fracture. The massive red sandstones

F16. 6.—The monocliné at Nutria. The summit of the hill is the nearly vertical outcrop of the Da-
kota sandstone; the right-hand slope is the edge of the Zuifii sandstone and the left-band
slope is the edge of the shaly 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 unmistakable 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 Cafon district which have
been described in former works.! There it is a frequent occurrence for
the edges of the thrown beds to turn downward as they approach the
fault plane. This feature 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 downthrow of a monocline of older age, and that a subse-
quent upheaval raised the present upthrown side while the older lift

! Exploration of the Colorado River of the West in 1869, 1870, 1871, 1872, J. W.

Powell. Tertiary History of the Grand Cafion 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 arbitrary hypothesis to the curious dislocation
of the Nutria monocline.

Fi6. 7.—Section of the Nutria monocline at Mineral Spring, near Gallup, at the point where the mono-
cline is crossed by the Atlantic and Pacific Railroad.

The method of resolution of the monocline towards the northwest is
very simple. The displacement steadily diminishes and at last becomes
zero. Justnorth of the railroad the Mesozoic strata, which are denuded
" from the uplift to the south of it, reappear, coming in one after another in
a series of cliffs and terraces. The strata which terminate in these cliffs
slopewith a gentle dip to the north. The illustration (Plate XIX)conveys
a much cleareridea than words can possibly do. From any very elevated
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 and highly characteristic of its 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 which lies to the west of the
Zutni Plateau. The map shows that it is covered with a belt of Creta-
ceous strata fifteen to twenty miles in width. In traversing theroad from
Nutria to Zuii 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 strictly 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 bluffs around
their margins and with broad valleys and low plains between them.
The strata rise very gently to the westward, bringing up lower and
lower horizous, 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 Zuiii the whole mass is suddenly upturned monoclinally. In this flex-
ure the depressed side is the castern and the uplifted side the western;
just the reverse of the Nutria monocline. The inclination of the beds
is at the most only 9° or 10°, and generally rather less. The drainage

6 GEoL——10
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" from the western slopes of the Zuiii Plateau is here gathered into the
main valley of the Zuiii 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

Fi16. 8.—Nutria monocline at Mineral Spring; westside. 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°.
The 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 Zuii sandstones
(Jurassic ?). A little farther on it drops again to the Wingate sand-
stones (Upper Trias 7).

The map shows at this point a wide valley opening towards the west,
floored with Triassic beds, while the Jura is seen on either hand. There
is a marked difference when these two series (Zuiii sandstone and Win-
gate sandstones) are compared with their respective equivalent beds
north of Fort Wingate. The former, the Zufii sandstones, are here
very massive, forming high cliffs, which are belted alternately red and
white, while the Wingate sandstones below are broken into a series of
rather thin beds with shaly and gypseous partings. North of Fort Win-
gate it is almost exactly thereverse. The Wingate sandstones are mas-
sive without partings, while the Zuii series is broken up into number-
less bands of highly variegated color and texture. A few miles farther
westward, hard by the famous town of Zuiii, 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 gray. The edges
standin noble cliffs nearly vertical, and deep cafions 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 bounded
by the steepest of walls are the ruins of the historic old town of Zuiii,
one of the very few ruined pueblos of which there is even so much as a
tradition. (Fig. 10.)

Southwest of Zuiii 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-
tion 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 Zuii
is a geological feature of the greatest importance. We crossed it at a
part where its magnitude is least. The trend of the flexure is towards
the northwest and its amount of displacement steadily increases. It
crosses the line of the railroad a little west of the station Manuelito,

l

FiG. 9.—The Nutria monocline at Mineral Spring, east side, showing the inclined bed curving back to
horizontality. Compare this and the preceding figure with the 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 60°. 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. Defianee Valley! is a ““monoclinal val-
ley” parallel to the strike of the beds along the slope of this great flex-
ure. Idonotknow as yet the full extent of this monocline, but have seen
it as far north as the extreme nortbwestern corner of the map (Plate
XIV), and it extends thence as far as the features of the country can be
recoguized. Its knowu 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 Trias, Thus the continuity of the
Cretaceous system is for a considerable space interrupted by it, but it
reappears far to the westward.

Thus we find that the Cretaceous system west of the Zuii Plateau
occupies a belt of country bounded on the west by the Zuiii monocline
and on the east by the Nutria monocline, and the two great flexures dip
towards each other. The intervening space, especially in the vicinity
of the railroad, is complicated by several minor faulis and flexures, but
T 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 northwest end of the Znfi 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 the most significant geologic fact. At

.the summit of the front or principal wall we find the base of the Creta-
ceous, consisting of an adamantine sandstone which makes a very re-
sistant capping. 1ts thickness (the basal member only) is about 160
feet. Beneath it are seen the highly-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
sandstones of remarkable color, almost white or ashy, and showing no
distinet 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 mewmber of the stratification in all the surrounding region
(Fig. 1). It stands in vertical walls 250 to 300 feet high, without zmy
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

' 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 herewith (Plate XIV), but the geological features are somewhat
complex, and I have not seen the whole of the part so contemplated and could not
give those features with the desired. accuracy. I thereforc abandoned the design.
The geology in the neighborhood of this great monocline is extremely interesting, and
I regret my inability fo present it in detail.
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sandstone stands 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 erosion that it is impracticable to
travel far upon it without meeting some insuperable obstacle. In this
terrace short deep cafions have been scored. They head at the base of
the main wall, and are at first narrow and steeply, sometimes vertically,

Fi16. 10.—Toyalané; a butte composed of the upper members of the Jnra-Trias system, as seen from
the housetops of Zufii. Photographed on wood.

walled. Farther out towards the plain they widen, sometimes to a con-
siderable width. In several places the upper platform above the main
palisade has 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 the 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, sothat opposite Chaves Station,
and still more decidedly opposite Bluewater, the dip is notably to the
east of north. In our progress along the line of the dip we shall en-
counter successively higher and higher members of the Cretaceous
series. They make their appearance as a succession of ¢ bluffs” rather
than cliffs. Aninterval of from one to two miles usnally separates them,
and each series carries the profile of the country up about as much as
the dip of the beds since leaving the lastledge has 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. '

Fi16. 11.—Pyramid Butte, near Fort Wingate, with promontories of the Wingate sandstone in front.
The butte is composed of the Zufii sandstones. Photographed on wood.

Let us now turn to the southern escarpment, which drops the profile
into the valley through which the railroad runs. In the valley 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 stronger northward dip than the beds in the mesa above. In
truth, as we approach the immediate slope of the Zufi Plateau, the in-
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clination of the beds 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 Zuiii
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, composed 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
bas 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 of 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 of the district. Its north-
ward continuation was observed for about ten miles from San Mateo,
but was traced no farther, and its final resolution in this direction is
unknown. Southward it continues 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 at the geo-
logicalmap will show the course of the outerop 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. Justnorth 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 sep-
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
16° to 18°, The result is that th