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23 Firtn AvVENUE, NEW YORK,
January, 1877.

Sir: We have the honor to present herewith our report upon the
Descriptive Geology of the region examined during the years 1867 to 1873.

The material has been treated under five general chapters, corre-
sponding to the five geological maps of the Atlas, and proceeding, like
them, from east to west. We each have written upon those regions with
which we were most familiar, but, as our field-observations have not always
been entirely independent, we have at times been obliged to use each
other’s notes, while always availing ourselves freely of your own field-
notes and suggestions.

It will be readily understood by the reader, from the very title of the
work, that this does not claim to be a systematic survey like those of
Europe, based on accurate maps, but is rather a geological reconnaissance
in an unknown and often unexplored region, where geology and topography
had to go hand in hand, and that therefore, while details were often, from
the necessities of the case, somewhat neglected, it was the general bearing
of the leading geological facts that was most constantly in our minds.

In closing thus an official connection of ten years’ duration, we cannot
refrain from expressing our many obligations to you, not only for your
advice and assistance in our early work, and your general supervision, but
more especially for the unwearying kindness and consideration which have
characterized your intercourse with us, often under circumstances rendered
peculiarly trying to the patience by the obstacles which nature opposed to
the successful accomplishment of the work you had so'bold]y planned.

Sincerely yours,

S. F. EMMONS.
ARNOLD HAGUE.

CrArReNcE King,
Geologist-in-Charge.
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2 DESCRIPTIVE GEOLOGY.

SECTION I

COLORADO RANGE.

BY ARNOLD HAGUE.

Prysicar. AspecT oF THE GREAT Prains.—To the eastward of the
first range of the Rocky Mountains, the Great Plains stretch for several
hundred miles, with gentle easy slopes, toward the Mississippi Valley. By
reference to Map I, accompanying the report of the Geological Exploration
of the Fortieth Parallel, it will be seen that the eastern boundary of the
survey lies along the meridian of 104° 30" west from Greenwich, extending
out upon the Great Plains only 30 to 55 miles beyond the foot-hills of
the Colorado Range, so that only a comparatively narrow strip comes
within the limits of our observation. To the eye, they present either a level,
plateau-like country, or a broad, gently undulating surface, relieved only by
low, smooth ridges, with abrupt bluffs along main drainage-channels, usually
in an east and west course; or the ends of long horizontal table-lands, with
escarpments from one to two hundred feet above the plain below.

Twenty miles from the base of the range, the slope is scarcely per-
ceptible, and only within short distances of the foot-hills is the fall in any
place very marked.

Between the mouth of Big Thompson Cation, where the stream
leaves the mountains, and the town of Evans, near the junction of the
creek with the South Platte, there is a fall of about 600 feet in 20 miles,
an average of 30 feet per mile, which represents very closely the slope of
the plain in Northern Colorado.

In the region of Horse Creek, in Wyoming, 80 miles to the northward,
and opposite the central portion of the Laramie Hills, the slope is shown, by
barometric measurements, to fall off in 22 miles, 775 feet, or an average of 35
feet per mile. Taking the grade of the Union Pacific Railroad, which may
fairly be regarded as indicating the rise of the land toward the mountains,
it shows between Sydney, in Nebraska, and Cheyenne, a distance of 100
miles, an increase in elevation of nearly 2,000 feet, or 20 feet per mile.
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From Cheyenne westward, the grade becomes much more rapid, and
between that town and Granite Canon, which lies well up on the mountains
on the Archean rocks, a distance in a direct line of 18 miles, we have a
rise of 70 feet to the mile; this, however, can hardly be regarded as giving
the correct slope of the plains, owing to the position of Granite Canon,
which lies several hundred feet above what, in the other measurements,
was considered the base of the range.

In a north and south line, the rise and fall in elevation is nearly as
great, but is at the same time so gradual, and the configuration of the
country sucl, that the nature of the slope is by no means so well recognized.
Between Crow Creek and Horse Creek, about 30 miles to the northward,
on the meridian of Cheyenne the plains have an average altitude of nearly
6,000 feet above sea-level, but fall off steadily in both directions. To
the southward from Cheyenne the country slopes off, until at Evans near
the lower boundary of the map, a distance of 52 miles in a direct line,
the height above the sea is only 4,745 feet, a descent of 1,330 feet, or over
25 feet per mile. North of Horse Creek, the slope is steadily to the north-
ward, the descent being nearly 1,000 feet to the North Platte River, a few
miles beyond the upper limit of our map.

Numerous streams from ¢he mountains between the Laramie River and
the Big Thompson Creek, reaching ultimately the North Platte or South
Platte River, cross the plains within the belt of our survey; but few of
them, however, are of any considerable size. Along the elevated plateau
already mentioned, the streams have a general east and west course, while
to the north of Horse Creek and south of Crow Creek, conforming to the
general configuration of the country, they run either northeast or southeast.
These streams have cut for themselves, through the loose, friable sandstone
formation, broad valleys of great uniformity of character and monotony of
aspect, frequently 4 and 5 miles in width, but rarely depressed more than
100 or 200 feet below the general surface, although hemmed in by precipi-
tous walls, sometimes several miles in length, without any marked break in
their cliffs.

Although the Great Plains present but few striking physical features,
in the detailed outlines they show great variety of form in the rounded
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hills and knolls and depressed basins and valleys, which evince a consid-
erable amount of denudation in recent times. They are entirely destitute
of any growth of trees, except in a few favorable localities, such as the
more sheltered positions on the Chalk Bluffs, and along some of the larger
water-courses, as the Cache la Poudre and Chugwater.

The characteristic features of the plain country extend, as already sug-
gested, close up to the base of the Colorado Range, whose foot-hills rise up
in a very abrupt and marked manner, presenting an exceedingly diversified
physical and geological aspect of upturned sedimentary beds lying between
the monotonous nearly level country to the eastward and the rugged central
mass of the range.

Before proceeding with a description of the foot-hills and their relations
to the later formations, a short discussion will be given of the leading topo-
graphical and geological features of the main mountain-range, or rather that
portion of it that falls within the limits of our map.

Puysicart DescriprioN or THE Larasie IiLLs.—Several designations
have been given to the different groups of elevation making up the great
mountain-chain which forms the eastern rim of the Cordilleras, and extends
from New Mexico to the_northern limits of the United States.

To that relatively depressed portion lying mostly within the limits of the
41st and 42d parallels of north latitude, the name Laramie Hills has been
applied. Their natural boundary to the north is the Laramie River, which,
after running northward' through the Laramic Plains, turns somewhat
abruptly, ard breaks through the chain a few miles beyond the line of the
map of the Fortieth Parallel Survey, while, to the southward, the North
Fork of the Cache la- Poudre méty be considered their limit, giving them a
length of about 80 miles and a width varying from 14 to 18 miles.

In their topographical features, the Laramie Hills present marked con-
trasts to the rugged groups both to the north and south, forming, as they
do, a low mass between two higher members of the great chain. Their sum-
mit forms, in its general outline, a broad, undulating plateau, with rounded,
easy-sloping ridges falling away gradually to the eastward; the higher por-
tion of the hills being invariably the western edge.

The average altitude of this broad summit varies from 7,800 to 8,300



LARAMIE HILLS. 53

feet above sea-level, while rising above this height arc but few prominent
points, with probably only one that attains 9,000 feet.

‘Among the chief elevations are Sanders Peak, just north of the Chey-
enne Pass wagon-road, and on the extreme western edge of the hills, 9,077
feet; Central Peak, 8,774 feet, about 5 miles in a northeast direction from the
town of Sherman; Arrow Peak, 8,683 fcet, at the head of the Chugwater;
Sherman, a bleak, dreary summit-station, has an elevation of 8,271 feet, and
is the highest point along the line of the railroad between the Missouri
River and San Francisco.

The drainage from the Laramie Iills is all eastward. Six principal
streams carry the waters from the mountains out on to the plains to the Platte
Rivers; the Sybille, Chugwater, and Horse Creeks running into the North
Platte, while the Lodge Pole, Crow, and Lone Tree contribute to the South
Platte. In addition, two small streams, Dale and Box Elder Creeks, run
southward and join the Cache la Poudre: the former, rising near Sherman
on the western side of the hills, falls into the main stream before leaving the
mountains; while the latter, on the eastern side, flows through a valley in
the upturned Palxozoic strata on the flanks of the mountains, then turns
breaking through the beds, and runs in a southeast course, until it joins the
Cache la Poudre 8 or 9 miles out on the Greéat Plains. It is an interesting
fact that no streams whatever run westward on to the Laramice Plains,
although a few small springs near the base of the hills furnish a scanty
supply of water.

Between the Chugwater and Crow Crecks lies the most elevated por-
tions of the mountain mass. The canons or valleys all trend eastward,
similar in form, with gentle slopes, and many side-valleys supplying tribu-
tary streams. The divides between the streams are usually rounded ridges,
broken by innumerable small hills and knolls of granite, giving a diver-
sified and picturesque scenery, but by no means grand or rugged. To the
north of the Chugwater, the plateau-like summit falls off gradually toward
the Laramie River, and, for 3 or 4 miles before reaching the stream,
becomes very much broken up, and loses its former character. To the
south of Crow Creek, or rather to the south of the Pacific Railroad, the
hills again fall away toward the Cache la Poudre, but gently, presenting
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broad table-like country, with here and there a few landmarks that have
escaped erosion, rising above the general level for 400 or 500 feet. Signal
Peak, near the head of Box Elder Creek, which presents a commanding
view of the southern portion of the Laramie Hills and of the Colorado
Range, is a characteristic point.

On the summit of the range, tree growth is very limited, although,
over the entire area, there are on the slopes of the hills and under the
shelter of the larger rocks many small groves of pine, sufficient to make
the view picturesque, but not enough to be of much practical importance.
In a few localities in the larger sheltered basins of Crow, Lodge Pole, and
Horse Creeks are considerable bodies of good timber, but possessing no
great vigor of growth. Saw-mills have been erected in one or two locali-
ties on Crow Creek. Aspen-groves add to the beauty of some of the upper
basins. The streams are all too narrow to afford any good bottom-lands,
and the only attempts at cultivation are one or two small ranches on Dale
Creek. ' '

In geological structure, the Laramie Hills form a single anticlinal range,
one of the most marked to be found within the limits of this survey.

Its central mass, a heavy body of metamorphic granites and granitoid
rocks of Archean age, forms the axis, while on the flanks, dipping beth east
and west away from the range, rest heavy rock masses of sandstone and
limestone of Paleozoic age.

These later beds, lying unconformably upon the older granites, are
seen way up on the sides of the range, at altitudes higher than the old crys-
talline bodies. Nowhere over the entire area of the Laramie Hills are there
- any remnants or patches left standing of the Pal®ozoic beds; but there can
be but little doubt that they formerly passed over the top and formed con-
tinuous strata. On the west slope of the mountains the Palzozoic beds pre-
sent a somewhat monotonous, uniform, unbroken body in a north and south
line, along the entire slope down to the Laramie Plains. The highest incli-
nation of the beds observed was 10°; the lowest, 4°.

Upon the east side the contrast is quite marked, and, the diversity in
occurrence as striking as is the uniformity on the opposite side. The con-
tinuity of the strata is frequently broken, the beds occasionally not appearing
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above the fresh-water Pliocene strata of the Great Plains. Again, the beds
are observed in places as low hills, with gently-inclined strata; at others,
they are carried up in abrupt, bold ridges, the inclination of the beds vary-
ing from a nearly horizontal position to abrupt walls standing quite vertical.

As seen just south of Wahlbach Spring, on the Cheyenne Pass road,
they appear nearly horizontal, having been elevated nearly 1,000 feet above
the plains, while immediately north of the main stream of the Chugwater
they stand out, in curiously-moulded ridges with beautifully-curved outlines,
at 88° and at one locality pass the vertical position. What may be said
in detailed description of the structural relations of the sandstone and lime-
stone beds is deferred till after the discussion of the Archzan bodies, and
are only mentioned here to give a general outline of their bearing upon the
great mass of highly crystalline rocks that really make up the range. By
reference to the upper section at the bottom of Geological Map I, eastern
half, the structure may be seen. The section crosses the Laramie Hills in
an east and west line, passes just north of Wahlbach Spring through San-
ders Peak, and cuts the plain near Laramie City.

ArcHZEAN GEOLO3Y.—The Archzan rocks of the Laramie Hills, while
presenting a considerable variety in texture and physical appearance, may
nearly all be classed under granites, gneiss, mica- and hornblende-schists ;
and, of these, granites cover much the largest area. They probably belong
to the very oldest rocks observed on the survey of the 40th parallel, and
may be placed with but little hesitation in the Laurentian series; their
petrographical structure, combined with certain lithological and mineralog-
ical characters, strongly indicate, if they do not clearly establish, an equiv-
alent age with the metamorphic granitoid rocks developed in Canada, New
York, and Northern Europe.

This Archaean series consists of a central body of coarse-grained granite,
made up of quartz, feldspar, and mica, but apparently with little structure.
Above the latter, and forming the outer edges, dipping east and west away
from the main mass, occurs a hard, compact, heavily-bedded series of reddish
granitoid rocks composed of quartz and feldspar. At the north and south ends
of the range, the granites gradually pass into a laminated structure, and the
rock-masses become well-defined gneisses and schists.  As already indicated,
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the central granites are made up of coarsely crystalline material: their
color is white or reddish-gray. Quartz and feldspars are the predomihant
minerals, while the amount of mica present is very variable, and in those
localities where found abundantly gives, of course, a darker color to the
rock. The quartz is granular, usually of a gray color, frequently colorless
and translucent. The feldspars give the prevailing color to the granites.
Both orthoclase and plagioclase are present, but the former is much more
abundant. The orthoclase occurs in broad, tabular crystals, from micro-
scopical forms up to those measuring one and a half inches in length; the
larger crystals having usually a decidedly reddish tinge. The mica is most
frequently found as a brilliant, dark biotite in small plates, and in the whiter
granites quite well preserved.

In addition to the well-defined, essential minerals mentioned, the nar-
row crevices and fissures in the granite and the spaces between the crystal-
line particles seemed filled with a reddish, decomposed, hydrated oxide of
iron. Owing to the coarse and friable nature of the granite, with the inter-
stices occupied by a sort of ferruginous material, decomposition takes place
easily ; and, where this latter ingredient is at all common, the disintegration
proceeds with striking rapidity until the surface of the rock is protected
from atmospheric agencies by a heavy layer of detrital matter, frequently
to a depth of two or three feet. The ease with which this granite erumbles
could be well observed, a few years ago, by studying the fresh railroad-
cuts and the surfaces of the ground that had been recently exposed by the
workmen removing the coarse gravel for the purposes of the railroad-bed.
This disintegration gives a marked character to the hills, and has left
masses of rock that have withstood erosion, but carved in the most curious
forms, which present rounded edges and a conchoidal weathering, with no
angular fragments or blocks. Many of these masses have received names,
such as Skull Rock, The Tower, Lighthouse Rock, from their supposed resem-
blance to the objects named.

There are many. localities in the central granite mass which differ
somewhat from the above description ; localities where the body of the rock
is more compact and finer-grained, with no large feldspar crystals. In
places, there appears to be a gradual transition from the coarser-to the
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finer-grained, while at others the change is quite sudden. In some locali-
ties, while the rock is still to be classed as a granite, it shows more or less
tendency to a gneissic structure, particularly where the mica is abundant.
The body of granite which extends to the eastward, and forms an outlying
mass to the main range just north of the Chugwater, is more compact in
character than the larger mass, although similar in its general features.
Just north of the limits of the map, and north of the main stream of the
Sybille, is another similar body of compact granite, rough and rugged in topo-
graphical character. So far as a somewhat hasty study of these granites
in the field indicates, hornblende appears rarely to be a prominent ingre-
dient, and only one or two localities were observed where this may be said
to be the case; one on a small tributary of the North Fork of Crow Creek,
and a second on Horse Creek, about two miles above the point where the
stream breaks through the Pal®ozoic strata.

The granitoid rocks which form the flanks of the Archean body of the
Laramie Hills present many distinct features in contrast with the central
granite. They are a compact, massive, and distinctly-bedded series of rock,
composed of quartz and feldspar in small crystals, with but little if any mica.
In color they are all dark with varying shades of gray and red. The rock
is usually tough, breaking into sharp angular fragments, with but little dis-
integration, and withstanding atmospheric agencies much better than the
central nucleus. These outer granites do not form a clearly-defined con-
tinuous body along the entire sides of the range. In some localitics they
appear to be warnting, and in others they form an intermediate rock betwecn
the two characteristic types, with the mineralogical composition of the outer
beds, but with a physical habit somewhat resembling the older masses.
On the east side of the range, they occur near Lone Tree Creek. They
are well developed at Granite Cafion on ‘the line of the railroad, and
may be traced to Crow Creek. They are also well shown in the neigh-
borhood of Horse Creek. On the west side of the range they may be fol-
lowed for a long distance, where they form a low ridge extending north-
ward from near the head of Dale Creek, and underlying Sanders Peak.

At the railroad-cut near Granite Canon, these rocks are well exhibited,
and may be taken as typical of the series. They are exceedingly compact,
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of a decidedly reddish color, and composed of a granular, gray and red
quartz, and small tabular crystals of red feldspar. The feldspars are chiefly
monoclinic; the triclinic crystals, when observable by the unaided eye, are
quite small. Biotite is rather more frequent than in most of the localities;
it occurs in small black plates, and appears to be segregated in spots, while
portions of the hand-specimens are macroscopically entirely free from it.
There is also present a second variety of dark mica, which Professor Zirkel
has determined by means of the microscope, to be allied to lepidomelane.
Under the microscope, Professor Zirkel has shown that the quartz crystals
carry liquid-inclusions, while several of them hold saturated salt-solutions,
with fine cubic crystals of chloride of sodium. The quartz also contains
fine laming of mica, so minute that fifteen hundred of them were estimated
to be present in a space of one square millimetre. The feldspars also
inclosed both quartz and mica.

On the west side of the range, near the head of Dale Creek, and about
five miles northwest from Sherman, nearly identical rocks-occur. They
have, perhaps, a somewhat more intensely red color, due to the ferruginous
material in the interstices. The quartz grains have finely-colored varied
shades of red, while the mica is not so prominent an ingredient. A chem-
ical analysis of the two rocks shows a very marked similarity. The analy-
ses were made by Mr. R. W. Woodward.

No. 1 is from the east side of the range. No. 2 is from the west side.
Specific gravity in both cases is 2.6.

No. 1. No. 2.
Silica - oo oo ... 74.74 76.61
Alumina. . ... ... ... .. . . ... 12.06 12.45
Ferricoxide. - .- - ... ... . i .... 3.25 1.33
Lime .. ... e ... 0.88 0.84
Soda. ..o 3.33 3.12
PoOtassa - - - v eecmmaa e e e e eaa 5.32 5.42
Lithia. . oo e oo trace trace
Phosphoricacid. ... ... ...l ‘trace trace
Loss by ignition ........... ... . ... 0.61 0.53

100.19 100.30
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The low percentage in lime is quite remarkable. It would indicate that
the triclinic feldspars cannot be either anorthite or labradorite. By the
detection under the microscope of apatite in most of the Archean rocks,
and the presence of phosphoric acid in the specimens chemically examined,
it would seem conclusive that at least a portion of the lime is present in
the form of phosphate of lime.

Near the upper streams of the Chugwater, the granites gradually
assume a laminated appearance, and pass into well-defined gneiss and
schist. The minerals arrange themselves in thin parallel bands, or layers,
which, however, are constantly subjected to alteration. In many places,
this parallelism is best observed by studying the rock-formations at a dis-
tance. On the north side of the upper branch of the Sybille Creek, large
heavily-bedded masses of a dark hornblende-gneiss form the canion-walls.
It is a fine-grained rock of quartz and light-colored feldspars, with fibrous
hornblende as the predominant constituent. This rock forms a distinct
feature of the gneissic beds of the north end of the Laramie Hills. To the
south of the central granite body, as already mentioned, gneissic formations
occur, and east of Signal Peak identical hornblende-gneisses make their
appearance, and give the character to the east side of the range in the region
of Lone Tree and Box Elder Creeks; they have a decided dip to the east,
and nearly a north and south trend. The prevailing rock, however, is a
pearl-gray gneiss with the minerals arranged in irregular, parallel zones,
which pass imperceptibly into a granitoid rock, but always retaining more
or less of the stratified arrangement of the minerals. These granitoid
masses appear to be interstratified between layers of gneiss.

A specimen from Signal Peak is a typical rock from this region. A
compact, fine-grained, fresh-looking mass of gray quartz and light-colored
orthoclase- and plagioclase-feldspars, with the mica mostly in very fine lami-
nz, in knots and bunches. Under the microscope, minute zircons have
been detected, and a chlorite-like mineral, which appears to replace the
mica. Very similar rocks form the broad table between Dale and Dead-
man’s Creeks, with the mica, however, somewhat more abundant. All these
gneissic rocks present, in general, great uniformity of lithological structure;
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the zones and bands of minerals seem but little disturbed or twisted in com-
parison with the beds found to the south in the Colorado Range.

At Dale Creek, near the railroad-bridge, there occurs a granite mass,
which, from its peculiar habit and contrast with the ordinary granites of the
range, deserves special mention. It forms the cafion-walls of Dale Creek,
which, at this point, rise abruptly for 125 feet above the stream-bed. It
is a very coarse-grained, but compact rock, with an intensely deep red
color. The component minerals are chiefly broad tabular crystals of or-
thoclase, with white and gray vitreous quartz, which seems to occupy the
interstices between the feldspars. The mica is of a dull black color, similar
to that observed in the granite from Granite Cafion, which has been referred
to lepidomelane. Under the microscope, triclinic feldspars have been de-
tected, and the quartz shown to contain but few liquid-inclusions. This
granite develops no structural lines or divisional planes, and the minerals
are brought together without any observable order in their association
with each other. In contrast with the prevailing granite of the central nu-
cleus, this one withstands the action of the weather remarkably well, and
has been used to some extent for building purposes. The railroad-company
quarried it in massive blocks for the piers of their bridge over Dale Creek.
A similar granite, although somewhat finer-grained, occurs in the Adiron-
dacks, near Boonville, Lewis County, New York.

At Iron Mountain, just north of Chugwater Creek, the granite is of
interest, from its association with a large body of ilmenite. It forms thé
walls of the intercalated iron bed, while frequently large masses occur pro-
truding into.the iron, and almost completely surrounded by the heavy min-
eral. It is essentially an orthoclase-granite, with a few triclinic feldspars.
The quartz occurs in small grains, well disseminated through the rock.
Biotite in brilliant dark plates is much more abundant than is usually the
case in the fine-grained granites of the Laramie Hills. It is a true granite,
without any distinct evidence of structural lines.
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The following analysis was made by Mr. R. W. Woodward.
Specific gravity, 2.6.

Silica. ... ..o ..a....... 7154
Alumina . ... ... . ... [ 15.04
Ferricoxide ..... ... .. .. ... .. . ... ... .... 2.45
Lime.. .. ..o . ... 1.40
Magnesia ... ... .. .. .. ... ... ... 0.27
Soda . . ... 3.15
Potassa . ..... . ... ... ... ....C e 5.27
Lithia ... ... ... trace
Phosphoricacid . ... ... . ... .. ... ... _..... 0.07
Loss byignition. ... ... .. ... ... ... ... ... ..... 0.90

100.04

The main chemical differences between this variety from Iron Mountain,
and those previously given, is that the former stands a little lower in silica,
with a corresponding increase in bases, and the presence of some magnesia,
due to the biotite.

Among the highly crystalline rocks of this Archean series is an inter-
esting variety of gabbro, a rock the esssential ingredients of which are
labradorite and diallage. Its presence in the Laramio Hills, so far as
observed, is limited to the region east of Iron Mountain and of Chugwater
and Horse Creeks, where it forms low, irregular-shaped domes and knolls,
protruding through the granitoid rocks, which here show considerable variety
in lithological habit. The gabbro is of a bluish-gray color derived from
the prevailing labradorite crystals, which form by far the largest part of the
mass, much of it appearing like a coarse granular feldspar, but for the-
finely-disseminated diallage.  Much of the labradorite occurs in large broad
crystals, two or three inches in length, the cleavage-surfaces presenting a
highly vitreous lustre. The play of color belonging to labradorite is quite
brilliant, and the characteristic strize of triclinic feldspars frequently very
well developed. The larger and well-defined crystals show a tendency to
arrange themselves in parallel layers. Yecllowish-green diallage is scattered
through the feldspar, but it occasionally forms thin layers and scams. As
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accessory minerals there occur sparingly in the gabbro minute plates of
yellowish-white mica, usually associated with the diallage. Ilmenite and
magnetic iron are present in rounded grains; these are frequently decom-
posed on the surface, and give the rock a somewhat mottled appearance.

Under the microscope, the labradorite crystals show in a striking man-
ner many of the minute structural peculiarities observed in the labradorites
of the Scandinavian and German gabbros. For a detailed comparison of
these resemblances, see Professor Zirkel’s report, page 108. In its min-
eralogical and chemical features, as well as in its geological occurrence, this
gabbro bears a very close analogy to rocks described by Scheerer' from
Anabel and Hitterde Islands and other localities in Norway.

Rocks with nearly the same habit have been mentioned as occurring
in the Laurentian series of Canada by the geological survey of that country.
A chemical analysis of the Iron Mountain gabbro, made by Dr. Wieder-
mann, in Leipsic, seems to indicate clearly that but little diallage can be
present. It has nearly the composition of pure labradorite.

Below are given two analyses, for the purpose of comparison (No. 1,
the Laramie Hills gabbro; No. 2, a rock described by Dr. T. Sterry Hunt?
under the name of labradorite, from Chateau Richer, in Canada):

No. 1. No. 2.

Silica ... ... L. 52.14 55.80
Alumina. ... .. ... 29.17 26.90
Ferricoxide. .. ... ... ... 3.26 1.53
Lime ... .. ... ... 10.81 9.01
Magnesia . ... ... 0.76 0.27
Soda. ..o . 3.02 4.77
Potassa. ... .. .. ... . ... ... ... ...... 0.98 0.86
Loss by ignition .......... ... ... .. 0.58 0.45

100.72 99.59

Iron Mountain, to which reference has already been made, is a mass of
titaniferous iron, or ilmenite, and is situated just north of the Chugwater
Creek, about 13 miles above the point where the stream leaves the hills.

1Scheerer, Neues Jahrbuch fiir Mineralogie, 1843, 668.
2 Geological Survey of Canada, 1863, 478,
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The mountain rises about 600 feet above the stream-bed, is irregular in
form, but has a somewhat oval-shaped outline. It occurs intercalated in the
granite, standing nearly vertical, with the walls in places sharply defined;
this is the case in the canon, where the dark iron body resembles a broad
dike, which rises to the top of the canon-wall. Frequently large masses of
granite are nearly encased in the iron, and again the iron body puts out
into the surrounding granite. The main deposit of iron is nearly a quarter
of a mile in length, with a strike a little to the west of north and east of
south. To the north the main deposit terminates somewhat abruptly; but
southward it crosses the canon, and may be traced cropping out through
the granitoid rocks with the same general strike for nearly 2 miles, in the
direction of Pebble Creek. These outcrops vary much in size, mostly mere
narrow seams, and small irregular patches of iron, which disappear in the
surrounding granite. Still farther to the south, just above Horse Creek,
considerable deposits again make their appearance, but much smaller than
Iron Mountain, and, like the latter, have been held for valuable mineral
bodies; they are probably only a continuation of the larger one. The
ilmenite occurs chiefly as a compact massive deposit, iron-black in color,
with a submetallic lustre. It is frequently found, however, with a coarse
granular structure. It is accompanied by small amounts of magnetite and
hematite, which decompose and give portions of the mass a brownish-red
appearance. Prof. O. D. Allen, of Yale College, examined specimens of the
Iron Mountain ore, and found it to contain a mixture of ferrous and ferric
oxide, which gave 50.83 per cent. of metallic iron, combined with 23.32 per
cent. of titanic acid. Other samples of the ore, analyzed by Professor Rich-
ards, of the Institute of Technology in Boston, gave the following results:

Ferrous oxide. . . .. .. .. .. ... ... 24.55
Ferricoxide - . ... ... .. ... 48.97
Titanic acid - . .. o .o e e 23.18
Sulphur. . ... ... 0.03
Residue insoluble inacid ...... . ... .. . ce...... 2.15
98.88

——.5—3.33

Metalllc 10N . - o oo e e e e e e ee e eeaaaanas
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Samples of the coarse granular variety, collected from the deposits
south of Iron Mountain, yielded Mr. R. W. Woodward the following:
Metallic iron ...l 34.29
Titanic acid . - . ... .- c-ooa Ll 49.47

All the samples examined gave a very high, although a varying,
amount of titanie acid.

This high percentage of so refractory a substance as titanic acid renders
the vast deposits of iron of but little use for practical purposes in iron-
smelting, which is to be regretted, as the beds in the Laramie Hills could be
easily mined, and are so well located in reference to a market, and the
known sources of iron in Wyoming are so limited.

The titanic-iron deposits of Canada and Norway would appear to pos-
sess very much of the same general characters, with equally varying amounts
of titanic acid in their composition. An analysis of a specimen from Kra-
gerde in Norway' gave as high as 46.92 per cent. in titanic acid, and Dr. T.
Sterry Hunt® found 48.60 per cent. from similarly-situated beds at Bay
Saint Paul, Canada. The ilmenite from Chéateau Richer gave, titanic acid,
39.86 per cent.

This occurrence of ilmenite and gabbro, so intimately associated to-
gether in Laurentian rocks in widely-separated parts of the globe, each
with the same physical habits, and, in the case of the gabbros of Wyoming
and Norway, with the same minute microscopical structure and peculiari-
ties, is most remarkable, and the causes evidently deep-seated. ,

Another mineral, graphite, common to the Laurentian series, is found
on the west side of the hills in considerable quantities, in thin beds and
seams. Two varieties are known: one a compact, hard mineral, made up
of lamine of graphite scales, and finely-disseminated pyrites in thin plates,
which gives a bronze color to the mineral ; it is very friable, and the pyrites
on exposure undergoes a partial decomposition. A sample yielded 27 per
cent. of iron-pyrites, rendering the graphite too impure to be of any
economic value. The second variety crumbles easily to a fine granular
powder, is iron-gray in color, and occurs mixed with fine quartz sand, which
gives it somewhat the appearance of magnetic sand; the pure powder,

!Dana’s Mineralogy, 1868, 145.

?Geological Survey of Canada, 1863, 501.
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however, is black, and unctuous to the touch: it contains but little iron-
pyrites. Deposits of sufficient size to be worked are said to occur, if the
mineral were only of the requisite purity. The following analysis is by
Mr. R. W. Woodward:

Graphite . .. ... ... ... 51.35
Alumina ... ... L. 11.50
Ferrous oxide. .. ... ... ... ... ... ... ... 1.711
Manganous oxide. ... ... ... ... ... ......... 0.24
Lime. ..ol 1.44
Magnesia ........ .. .. .. ... ... e 3.21
Sulphur. .. ... L. 1.09
Silica ..o 24.59
Water . oo 4.38

99.51
Oxygeneq.toFe Sy ... ... .. .. . ... ... 0.27

99.24

Besides the larger rock masses already mentioned, the hills are char-
acterized by the presence of certain mineralogical features, and accidental
minerals, which are developed more or less throughout their entire length,
and are of importance in comparing the relations of the Laramie Hills with
other well-defined Archean ranges. Narrow veins of white vitreous or
milky quartz are common, penetrating the granites, rarely more than a
few inches in width, with a strike almost always a few degrees west of
north, although there are some exceptions to this rule. Usually the quartz
is quite pure, with the exception of small amounts of ferruginous min-
erals. Small quantities of compact yellowish-green epidote accompany
the quartz, usually occurring on the side of veins or seams; it is never
very abundant. It occurs on South Crow Creek, near where the road
from Sherman crosses the cafion, and again on the plateau summit
west of Iron Mountain. Magnetite and ilmenite also accompany the
quartz veins in small, granular fragments, and may be traced for consid

2D a
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erable distances. They also occur in the granitoid rocks. Medium-sized,
irregular crystals of dark iron-garnets were observed in the coarse granite,
while small red garnets occur in the gneissic strata near Signal Peak, and
again near the head of the Sybille Cafion; both localities in the immediate
neighborhood of observed hornblendic gneisses. Iron-pyrites occur, as
already mentioned, in the graphite beds, and were observed in a narrow
vein associated with quartz and the iron minerals. Although but little has
been accomplished in the careful study of the field, it may be stated that
the Archean series of the Laramie Hills affords no very great variety in
mineral species as compared with many localities of the same age. It may
be well, however, to give, in a concise form, the species observed. The fol-
lowing are the essential minerals of the larger rock masses: Quartz, ortho-
clase, oligoclase, labradorite, biotite, muscovite, chlorite, hornblende, and
diallage. As accessory minerals, there occur magnetite, ilmenite, graphite,
pyrites, garnet, and epidote. Under the microscope were detected lepi-
domelane, zircon, and apatite. Large bodies of eruptive granites, such as
have been observed in the Colorado Range to the south, probably do not
occur in the Laramie Hills; indeed, the presence of eruptive rocks, younger
than the Archzean, such as the porphyries, diabases, and diorites, were nowhere
observed, and, if present, will most likely be found in the form of narrow
dikes.

This is also true of the more recent volcanic rocks. Indeed, from the
Laramie River southward, none of the volcanic rocks occur, either in the
mountains or along the east flank of the range, within the limits of the
survey. The first outbursts seen going southward are the well-known dikes
of basalt at Valmont on Boulder Creek in Colorado, which break through
the Cretaceous beds. At a short distance farther to the south occur the
horizontal basaltic beds, capping the same strata near Golden City.

Prysicar DescriprioN oF THE CoLORADO ARCHZAN Boby.—But a small
portion of the Colorado Range south of the Laramie Hills comes within
the explorations of this survey, the southern boundary of the field-work

not extending beyond the region of Long’s Peak, about the line of 40°
15’ of north latitude. It embraces then only about 30 miles in a north
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and south extension along the axis, but with the entire width of the range,
which may vary from 25 to 30 miles.

Proceeding southward from the northern tributaries of the Cache la
Poudre, the physical characters rapidly change, and offer very striking
contrasts to the Laramie Hills. The mountains are higher, broader, more
deeply cut by cafions, with greater diversity of outlines, and in every way
built up on far grander proportions. They may be divided into three natural
groups of mountain masses: the southernmost, the highest, and one of
the grandest in the entire range, culminates in Long’s Peak, (14,297 feet;)
while between the waters of the Big Thompson and the Cache la Poudre
lies the Hague’s Peak (13,832 feet) group; and to the north and northwest
of ‘the latter stream is the somewhat lower, but broad, rugged region, with
Monitor Peak (11,270 feet) as the highest point.

The trend of the culminating peaks, although somewhat irregular, is,
in general, a few degrees west of north and east of south, showing a
tendency to strike in the line of the Medicine Bow Range. The main
summit lies some 20 or 25 miles back from the eastern face, presenting
long slopes toward the Great Plains, with the western side much shortened,
seldom more than 8 or 10 miles in width. On the eastern slope of the
mountains, in the neighborhood of the alpine summits, the fall for the
upper 2,000 or 3,000 feet, is genera,lly quite abrupt, presenting grand
escarpments, the walls of glacial-worn basins, which farther down become
deep glacial cafions. But from the timber-line down to the Plains, the
slope,  although rough and diversified, may be said to be gradual and
unbroken by any marked physical changes. Portions of the ridges be-
tween the deep cafions afford a gently rolling country, and others have a
plateau-like character. Occasionally, there are open glades and sheltered
valleys which have been designated parks.

Estes’ Park, a very picturesque spot, north of Long’s Peak, and cut
through by the southern line of the map, is the best known, and prob-
ably the finest example. It lies 7,300 feet above sea-level; is 2 or 3 miles
in longth, by as many broad, although very irregular in outline. A fine
stream, a tributary of the Big Thompson, runs through the bottom. The
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surface is undulating, dotted over with rounded knolls of granite, covered
with pines.

Small lakes from one-half to one mile in length are characteristic of
the upper mountain region. There are several in the neighborhood of
Estes’ Park, also in the region of the headwaters of the Big Thompson
Cafion, and in the bottom of the larger eroded basins. The west side of
the divide is much shorter, with the trough-shaped valleys cut deeply into
the mountain-sides, stretching down to the interesting middle region between
the Colorado and Medicine Bow Ranges. These ridges are generally nar-

rower and sharper, with the rocks dipping steeper than on the opposite
side.

This depressed middle region between the two great ranges is from
5 to 7 miles in width, a gently rolling country with a plateau-like character,
that is on the summit between Hague's Peak and Mount Richthofen in the
Medicine Bow Range, but to the north and south it soon passes into the
broad glacial valleys of the Grand River and the Cache la Poudre.

Two principal streams, the Cache la Poudre and the Big Thompson,
drain nearly all this entire portion of the Colorado Range.

The main branch of the Cache la Poudre rises on the west slope of
Hague’s Peak, runs northward between the two great ranges already men-
tioned, and just south of the line of 40° 45, making a great bend flows
eastward; it is then joined by the South Fork, which comes down from the
northeast side of the same peak, and carries much of the water of the eastern
slope into the larger stream. A few miles farther down the river, it is joined
by the North Fork, which, with its numerous lesser branches, including Fish
and Sportsman’s Creeks, drains the northern district. The resulting stream
leaves the range just above the town of Laporte, runs southwesterly, and
joins the South Platte near Greeley, 25 miles out on the plains.

A much narrower area is drained by the Big Thompson. Two main
branches, the one rising on the east slope of Hague’s Peak and the other in the
Long’s Peak Group, furnish channels for all the remaining waters of the higher
summits. Soon after they unite, and just before leaving the mountains, the
stream is joincd by Redstone Creek, a considerable tributary from the north,
which drains the foot-hills left by the South Cache la Poudre. The Big
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Thompson also empties into the South Platte about 10 miles above the
Cache la Poudre.

Most of the waters from Long’s Peak, however, drain into the Saint
Vrain’s Creek, branches of which nearly cncircle it on all sides.

A vigorous growth of coniferous forests, including several species,
among them. Pinus ponderosa and Abies Engelmanni, cover the greater part
of the long eastern slopes. In the region of Monitor Peak and the broad
level country to the north, reaching nearly to the Laramie Plains, the forests
are quite dense, and have furnished large supplies of timber in the form of
railroad-ties.

The limit of timber growth from Long’s Peak northward may be placed
at 11,000 feet above sea-level, although there doubtless are a few exposed
localities where it does not quite reach that elevation.

GroLoGy.—The main geological features of ¢he Laramie Hills continue
southward along the Colorado Range, which consists of an elevation of
highly erystalline rocks of Arch®an age, flanked by a series of later sand-
stones and limestones. In the latter case, however, the sedimentary beds
occupy a much inferior position than they do to.the north. They seldom
appear along the flanks of the foot-hills higher than 500 or 600 feet above
the Plains, while the Archzan formation rises more than as many thousand
feet, and occupies the broad area between the Plains and the Medicine Bow
Range.
But while this higher region presents many points of resemblance with
the Laramie Hills, the structure is in detail so much more complicated that
a very considerable time would be required to work out with any degree
of accuracy the stratigraphical relations of the different beds. The task
would also be increased from the fact that all structural lines are frequently
wanting, or difficult to follow, over many extended areas. It may be said,
however, although with considerable hesitation owing to the limited ob-
servations in the field, that, in its general structure, this portion of the range
presents a broad anticlinal axis, accompanied by many secondary folds and
plications of strata between the summit and foot-hills. ~Although there are
localities of westerly dipping beds along the east slope, they are usually
quite .steep, with the appearance of being limited in extent, while by far
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the greater number of observed dips was to the eastward. All the beds
near the summit, where observed, seemed inclined at a low angle to the
eastward. It may be stated that beds were noted dipping at all angles,
from a few degrees above the horizontal up to 70° or 80°. Where these
high dips were seen, the.strata were usually finely laminated dark schistose
rocks. A '

No case of decided non-conformity was remarked in the entire series
of heds, and their comparatively uniform character would indicate that they
belonged only to one division of the Archean rocks; while, from their sim-
ilarity to other localities, they may be, without much doubt, referred to the
Laurentian.

The rocks of the Colorado Range are almost exclusively made up
of a series of crystalline, highly-metamorphosed granites, gneisses, mica-
schists, and sparingly of hornblende-schists, of varying lithological habit,
but great uniformity of constituent minerals. The granites are made up
chiefly of grayish-white granular quartz, rarely in large masses or crystals,
orthoclase-feldspars, both red and white, some triclinic feldspars, but in very
subordinate amounts, and particles of black mica, which, although never
abundant, is most always present. In their physical characters, the gran-
ites vary considerably in color, texture, compactness, and in their tendency
to develop more or less of a parallel arrangement of their minerals, and to
assume a gneissoid structure. Few localities would seem to offer a better
field for the study of the gradual transitions from massive granites to well-
defined gneissic schists, thinly laminated, and with a distinct bedding. Fre-
quently, these gneissoid bodies will appéar as lenticular masses, and as inter-
calated beds in the great granitic masses. On the other hand, the gneissic
rocks will contain irregular zones and knobs of coarse granite. The rapid
transition from the one to the other would appear to be of rare occurrence,
except in the case of thin beds of mica-schists and slates in the massive
granites. .There are many rock masses in which the bedding is very indis-
tinet, but which, nevertheless, show, in the quartz, feldspar, and mica, a ten-
dency to arrange themselves in parallel bands. '

The region of Long’s Peak is a favorable one for the study of both the
massive granites and those with a slightly-banded structure, but which must
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still be considered as granites. The granite of the summit is a typical one.
It occurs inclined to the east at a low angle. It is coarse erystalline rock,
of a light gray color and somewhat friable texture. Quartz and ortho-
clase-feldspar are the prevailing minerals; triclinic feldspars are rare and
quite small. The quartz is of a dirty grayish-white color, while the ortho-
clase is pearl-gray, with a highly vitreous lustre. The mica is not abun-
dant, but appears to be biotite in brilliant dark plates scattered through the
rock, occurring in-small segregated bunches and in minute scales adhering
to the broad faces of the orthoclase crystals. Under the microscope, Pro-
fessor Zirkel has detected, both in the quartz and feldspar crystals, long
prismatic needles, which, from their crystallographic properties, he deter-
mined to be tremolite, although, to the unaided eye, no hornblende is visible.
Apatite was also observed microscopically, and the quartz crystals carry
fluid-inclusions. The same rock was examined chemically by Mr. R. W
Woodward with the following results:

Silica .o oo 73.40
Alumina. . ... e 14.53
Ferrousoxide . ... ... oo i 2.25
LM - - oo e e e e e 0.62
Magnesia - - . ..coooo i 0.56
S0A - - oo e e e e 2.63
Potassa - - oo o oe e e e 5.35
Lithia. .o oo i trace
Phosphoric acid - ... ... ... ..o 0.22
27 0.53

100.09

Specific gravity, 2.61, 2.77.

'This analysis is interesting, from the close resemblance to the analyses
of the Archzan granites of the Laramie Hills, which is the more striking,
as they differ from most of the granites in the ranges to the westward.  The
detection of phosphoric acid in sufficient quantity for estimation would indi-
cate that the determination of microscopical apatite was a correct one, and
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that the mineral was well disseminated n this eastern Archzan upheaval.

The low percentage in lime points to the conclusion that the triclinic feld-
spars are not labradorite.

The arrangement in parallel bands of the quartz and feldspar, already
mentioned, is shown in this rock ; it is, however, much better seen at a short
distance in the field than in a hand-specimen. The rock appears to have
undergone some movement since the formation of the bands, as the feld-
spars seemed curved and contorted, and frequently pressed together.

On the west side of Long’s Peak, there occur beds of very coarse gran-
ite, the quartz of which seems segregated in large masses, accompanied by
the other minerals in subordinate quantities. The feldspar also occurs in
large, irregular-shaped bodies, when it is ordinarily white, with a pearly
lustre. The mica present is also in segregated patches. There are also
dikes, of what is sometimes called graphic granite, where the feldspar in
massive form predominates, and has the quartz disseminated through it in
small crystalline particles, which present the appearance of hieroglyphic
figures and symbols. The associated mica is dark brown. Northward, on
the lower flanks of the peak, rocks with a prevailing gneissic structure, and
the mineral constituents finer-grained, are well developed. Inthe deeply-cut
glacier-cafions of the higher portions of the peak are found excellent opportu-
nities for observing many striking features of the metamorphosed strata ; one,
especially, on the east side, presenting a mural face nearly 3,000 feet high.
Thin beds of compact, finely-laminated dark mica-slates, intercalated in the
lighter granitoid beds, occur on the west flanks of the mountain, the prevail-
ing constituent of which is mica, associated with quartz and feldspar. Under
the microscope, large quantities of apatite prisms are detected, while in the
quartz are thin plates, which Professor Zirkel has determined as muscovite.
The regions of Estes’ Park, the North Branch of the Big Thompson, and
along the road leading from the Park to the Plains, is chiefly made up of

coarse granular granite, with but little mica, and the feldspars for the
greater part light reddish orthoclase.

Of the rocks in one or two other localities, special mention may be
made.

The region drained by Sportsman’s and Fish Creeks and the North
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Fork of the Cache la Poudre has, in general, a uniform lithological habit.
It is a coarse granular, easily-crumbling granite. The prevailing color of
the quartz is gray, while the feldspars, chiefly orthoclase, are in some local-
ities white, and in others deep red. The mica is almost always biotite, but
in varying proportions; in some localities, it seems nearly wanting. This
region, as a whole, resembles, in many respects, the central granite of the
Laramie Hills.

Northwest from the head of Sportsman’s Creek, and south of the Lara-
mie Plains, is a considerable body of granite, which, in some particulars,
differs from the granite just described. It is more compact, more uniform
in composition, with a larger proportion of mica, without the tendency to
gneissic structure. The rock, in mass, is darker in color, and somewhat
resembles the granites from Sheep Mountain in the Medicine Bow Range.
Near the eastern base of the range, north of the Cache la Poudre, and east
of Park’s Station, stands quite a prominent hill of massive granite, compact
in texture, and devoid of gneissic structure; it bears a close resemblance
to the last-mentioned granite.

Mica-schists and slates occur in narrow beds, similar to the one
already mentioned, interstratified in granites and gneisses: they occur
also in a more massive form in a number of localities along the foot-hills of
the range, and to the north, high up in the mountains. In the cafnon of the
Cache la Poudre, near the great bend, where it first cuts deeply into the
beds, the walls are built up with heavy beds of dark, close-grained mica-
schists. On Dale Creek, there are schistose, laminated beds, standing nearly
vertical. An interesting locality for the slates is to be found near the en-
trance to the Big Thompson Cafion, where they may be traced for a con-
siderable distance in a north and south line. They are a very fine-grained
admixture of quartz, feldspar, and mica, with a decidedly slaty cleavage.
Under the microscope may be detected fine flakes of muscovite, as in the
schist from Long’s Peak.

Narrow dikes of intrusive rocks penetrate the Archzah series of this
region. They appear, however, to be limited in extent, and to have caused

but little topographical and geological change in the great surface features

of the range. None were observed more than 10 or 15 feet in width; their
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general strike being north and south, with a tendency to the west of north

and east of south. Those observed were chiefly feldspar- and quartz-por-

phyries, with both a coarse- and fine-grained groundmass. A typical feld-

spar-porphyry cuts the Archxean series, on the west side of Long’s Peak.

It is made up of a compact crystalline groundmass of feldspar, quartz, and -
hornblende, with all the constituent minerals present porphyritically en-

closed. Both orthoclase and plagioclase are present, the former, however,

most prominent. The hornblende occurs in short, fibrous, green prisms,

while the quartz is in small, round grains. As an accidental mineral, a

small quantity of white mica may be detected associated with quartz. Un-

der the microscope, liquid-inclusions are seen, both in the quartz and ortho-

clase. Professor Zirkel has called attention to the differences in form be-

tween the inclusions in the quartz and those of the feldspar; while in the
former they are chiefly globular, in the latter they are very irregular in out-

line. Other dikes occur, darker in color, and more basic, doubtless from the
gréater amount of hornblende present in the groundmass. The occurrence
of hornblende, abundant in these intrusive porphyries, is of interest, as it
appears to be an exceptional mineral in the Archzan beds here. Narrow
veins of pure quartz traverse the range in a number of localities, but, so far
as known, none of any economi¢ value have as yet been found, although so
abundant and rich in mineral species in Central Colorado. Dark iron-gar-
nets occur somewhat sparingly, disseminated in the more schistose beds.
They were observed on the upper part of Fish Creek in mica-bearing
strata, and again near the mouth of Dale Creek. Magnetite, in small
irregular particles, was seen in a number of localities; while it probably
may be found scattered through all the beds, it was observed more fre-
quently in the coarser-grained granites.

Eastery Foor-niLLs—The sedimentary rocks which form the out-
lying ridges and foot-hills of the east side of the Colorado Range are made up
of Palaxozoic and Mesozoic strata, containing both sandstone and limestone
beds.  They form a very marked physical and geological feature, a narrow
border region, lying between the massive Archean rocks on the one side,
and the broad level plains of the Upper Cretaceous series of Colorado and
the nearly horizontal Pliocene Tertiary series of Wyoming on the other.
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In relation to the broad, elevated range of mountains, they appear to
to occupy a very insignificant area, seldom rising more than 500 or 600 feet
above their base in Colorado, and 1,000 feet in Wyoming; but from the
Great Plains, looking westward, they rise so abruptly and with such con-
siderable diversity of outline and structure, that the effect is very striking.
This narrow region, bordering the Archwean rocks, varies in width from one-
half mile to ten miles, depending partly upon the inclination of the beds,
and their detailed structure, and in part upon the height reached by Tertiary
and Quaternary beds, which conceal over wide areas the upper members
of the Mesozoic series.

From the extreme southernmost limit of the map northward to the
Union Pacific Railroad, the continuity of these sedimentary ridges is un-
broken. Still farther to the northward, all along the Laramie Hills, the
Pal®ozoic beds may be traced for the greater part of the distance, but in
places they become so depressed as to lie entirely beneath the Niobrara
Tertiary beds, which abut against the Archaan rocks. '

In their broader geological features, they represent a very simple struct-
ure, a series of sedimentary beds resting upon the flanks of the upturned
metamorphic rocks, and dipping along the entire length of the range almost
invariably away from the mountains; the beds as shown in the Laramie
Hills being simply the eastern fold of a broad anticlinal axis. In the de-
tails of structure, however, they are much more complex, varying in their
dip away from the range, being found lying at every angle from nearly
horizontal to vertical. In general they may be said to possess, in the
region of the Big Thompson and the Cache la Poudre, a gentle dip, and
to increase in the angle of inclination to the northward until they reach at
the Chugwater the vertical position. To this rule, however, there are
many marked exceptions. These beds are everywhere found to rest un-
conformably upon the older Archszan crystalline rocks. Nowhere, how-
ever, for over 100 miles along the front of the range between the Laramie
River and Saint Vrain’s Creek, was any non-conformity in the entire
series of Palmozoic and Mesozoic beds observed, while in many localities
the relations of beds and their exposures along the streams were such as to
show a perfect conformity of dip. In the Laramie Hills, the conformity
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from the lowest strata of Paleeozoic rocks to the Dakota sandstone of the
Cretaceous is well shown, while in Colorado the conformity from the Red
Beds of the Triassic to the summit of the Laramie beds, at the top of the
Cretaceous, seems equally evident.

The thickness of the beds of the various horizons changes considerably
at different localities, but the average thickness of the series may be esti-
mated with some degree of accuracy, at least for the strata exposed from
the base of the Paleozoic to the top of the Cretaceous marls and clays of the
Colorado group. Above the Colorado group, the Fox Hill and Laramie
beds which extend out upon the plains with very low angles, accompanied by
gentle folds, are usually so covered with soil and grass as to render any
exact measurement of their thickness somewhat difficult. The thickness of
the entire series may be estimated as at least 6,000 feet. It must be borne
in mind, however, that this is not a continuous section, for nowhere within
this region do we find both the lower and upper members of the series exposed
in the same locality. Moreover, where the Paleozoic strata are best devel-
oped, the Triassic and Jurassic appear quite thin. And again, where the
Colorado group is seen to the best advantage, the underlying and overlyihg
beds do not appear so clearly defined.

In the following general section is given the estimated thickness for
each of the formations represented in the series:

Feet.

Laramie.. ... ... ... .. .. ......... 1, 500

Fox Hill ... .. .. . ... ... ._...... 1,500
Cretaceous :

Jurassic '
Triassic - ..o i e e 800
Paleozoic ........ R 850

6, 150
Wherever this conformable series rests upon the ‘older rocks, along the

front of the Laramie Hills, the Paleozoic strata may always be found at

the base. DBut just north of where Box Elder Creek leaves the mountains,
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and a few miles to the southward of the forty-first parallel, Red Beds of
the Triassic occur, lying directly upon the metamorphic rocks, and from
that point southward, for a long distance, beyond the limit of our map,
form the lowest member of the series exposed. According to the observa-
tions of Mr. A. R. Marvine' and Dr. A. C. Peale, the Pal®ozoic strata do
not re-appear again north of Colorado Springs. The persistency of the
lower beds along the foot-hills for nearly 70 miles, and their sudden disap-
pearance, not to re-appear again north of latitude 39°, is an interesting
feature in the structural peculiarities of the range.

PaLzozoic SEriEs.—By reference to Map I, east half, of the geo-
logical sheets in the accompanying atlas, it will be seen that the ridges,
which are formed of the Paleeozoic rocks along the east base of the Colorado
Range, are represented in.but one color; the one employed on the other
sheets to designate the Upper Coal-Measure limestone. So far as our obser-
vations in these ridges have been made, the rocks of the Coal-Measures are
the only formations that have been definitely determined by palaontological
evidence, and these occupy the greater part of the entire thickness of sand-
stones and limestones represented in the series, extending from the summit
downward to within 150 feet of the base.

According to the published reports of Dr. F. V. Hayden® and Prof.
N. H. Winchell,® and to the verbal communications of Mr. Henry Newton,
of the Black Hills expedition of 1875, primordial fossils, representing Obo-
lella and Lingulepis, have been collected in the lower coarse sandstones at
the base of the series in the Black Hills to the northeast. The detailed sec-
tions from the Black Hills agree so closely with those made from the Lara-
mie Hills that it would seem most probable that the entire series represented
in oné locality would be found in the other; and that the 100 to 150 feet
of reddish sandstones at the base of the series in the Laramie Hills may yet
yield the lower forms of life, as found farther to the north.

For this reason, the entire series of conformable rocks below the Triassic
has been considered as compressed within the few hundred feet of Palzozoic

1 United States Geological and Geographical Survey of Colorado, 1873.
3 Geological Report of the Exploration of the Yellowstone and Missouri Rivers,

F. V. Hayden, 1859-60.
3 Reconnaissance of the Black Hills of Dakota, 1874, N. H. Winchell.
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strata found along the eastern slope of the mountains. They extend along
the front of the range for nearly 65 miles, in a north and south line.

The Pal®ozoic beds vary somewhat in thickness, but in their extreme
development were nowhere observed as over 1,000 feet. As already stated,
their average thickness may be taken at 850 feet. The following sections.
made across the strata, beginning at the base of the series next the granite,
give a general idea of the Palzozoic rocks.

At Table Mountain, between North Crow Creek and Lodge Pole Creek,
the section gave as follows:

1. Pink and cream-colored limestone, alternating
with thin sandy beds

2. Bluish limestone, highly siliceous ........_.. 650 feet.
3. Thin bed of conglomerate. ... ... ... .....
4. Gray and bluish arenaceous limestone .......
5. Red arenaceous limestone ............ e 50 feet.
6. Reddish-white sandstone ...__. ... _....._. 50 feet.
7. Campact fine gray sandstone, almost a quartzite,
with some conglomerate. . _...._ ... _._._. 100 feet.
850 feet.

At Granite Cafion, just north of the Union Pacific Railroad, the follow-
ing section was obtained: ‘ '

1. Light gray limestone, with arenaceous beds.

2. Massive blue limestone.

3. Brilliant red arenaceous limestone.

4. Compact reddish-gray sandstone, with fine pebbles.

East of Signal Peak, 3 or 4 miles south of the railroad, the section gave:
1. Blue limestone

2. Thin bed of fine conglomerate............. 300 feet.
3. Red arenaceous limestone.......... ... ....
4. Bluish-gray limestone... ... . ... .. . .. ... 4' 0 feet.
5. Red sandstone, with considerable variety in text-

ure, and calcareous near the top............ 100 feet.

850 feet.
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The beds are made up almost exclusively of sandstones and limestones,
and show but little evidence of slates, clays, marls, or mud-rocks. But,
with the exception of the lower quartzite and sandstone, all the sandstone
strata appear more or less calcareous, and the limestones, through most of
the horizons, indicate more or less arenaceous material; while the heavily-
bedded massive limestones frequently carry intercalated narrow beds of sand-
rocks and fine conglomerate. ' .

The lower sandstones are exceedingly variable, occasionally appearing
as a hard compact rock, and in other localities developing a loose friable
conglomerate, consisting of pebbles and fragments of older rock. They
are, however, everywhere characterized by a prevailing reddish tint; the
upper beds showing considerable persistency as a coarse, bright red sand-
stone.

In general, the limestones develop a dark bluish-gray color with bands
of various colored beds. The upper limestones are usually lighter in color,
frequently shading off into pink and white, and possessing a saccharoidal
granular texture. The beds which form the steeper ridges, lying inclined
at angles varying from 75° to the vertical position, show all the divisions
in the series much less distinctly marked than the less altered beds inclined
with a gentle uniform dip. In many localities the limestones in these highly-
metamorphosed ridges are so much altered, as to present a very marked dif-
ference in lithological character; the beds being changed into compact, hard,
cherty strata, and the purer limestone, as in the ridge north of the entrance
of the Chugwater Cafion, altered into a coarse white marble.

Dolomitic limestones appear to characterize the base of the formation;
‘at least in the region of Granite Caifion the beds show the presence of
more or less magnesia. They are marked by a compact very fine-grained
texture, and uneven fracture. Fragments treated with dilute acids dissolve
slowly, usually leaving a slight residue of silica in fine angular grains.

A small fragment of a nearly pure magnesian limestone from Granite
Canon was submitted to chemical analysis by Mr. B. E. Brewster, with the

following result:
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LAme - oo e 34.95
Magnesia .. ... .oco o 17.36
Carbonicacid - ... ... ... ... 46.55
Insoluble residue . .. ........ . ... . ... .. ....... 0.34
Alumina and ferricoxide ....._...._............ 0.16
Water ... e 0.23

100.11

The uppermost stratum of limestone and the bed immediately under-
lying the Triassic Red Beds at Horse Creek is an exceedingly fine-grained
homogeneous rock, of a deep flesh-red color. Scattered through it are small
white crystals of calcite. This rock, as in a measure typical of the upper
light-colored limestones, was also subjected to chemical analysis, and found
to be a nearly pure dolomite, the impurity being a little silica.

It yielded as follows:

Carbonate of lime .. ... ... ... ... ... ... 60.09
Carbonate of magnesia ... ... ... ... _....... 39.20
99.29

The characteristic layer of red arenaceous limestone, near the base of
the limestone series, is usually a well-defined bed. A specimen in our
collection from near Granite Cafion presents a compact texture and a
smooth even fracture. To the eye the rock shows a slightly-banded
structure, which is somewhat more marked in the thin microscopic sections.
Under the microscope, the rock reveals the presence of small crystals of
calcite and numerous angular grains of sand.

As already mentioned, the only fossils found in these beds are such as
are characteristic of the Coal-Measure formations. Numerous fragments of
crinoid stems and highly-altered impressions of molluscan forms, too poor
for determination, are found throughout the limestones in many localities;
but well-preserved specimens are somewhat rare, or at least were not col-

lected by our parties. They are all comprised within the Brachiopoda;
the following being identified : :
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Productus semireticulatus.
Productus cora.
Productus Prattenianus.
Athyris sublilita.

Of these forms, P. semi-reticulatus would appear to be the most abundant.

In the palzontological report of Mr. G. B. Grinnell,! accompanying
the report of Colonel Ludlow, on a ‘“‘Reconnaissance of the Black Hills of
Dakota”, he mentions finding, in one or two localities, Spirifer centronatus,
Winchell, but does not state in what part of the limestone series they occur.
This species, along the belt of the Fortieth Parallel Suwey, is a character-
istic fossil of the Waverly group in the Wahsatch limestone, occurring in
several localities in the Wahsatch and Oquirrh Ranges of Utah. Its pres-
ence along the east base of the mountains, where heretofore only Primor-
dial and Coal-Measure species have been recognized, is of special interest.

Triassic ForMATION.—Immediately overlying the Coal-Measure lime-
stone occur the heavy sandstone beds that have been referred to the Triassic

age. They are found all along the foot-hills of fhe range, the continuity of
outcrop being broken in only a few places, and, in most cases, simply by
being concealed below the unconformable Tertiary beds.

They are characterized by a prevailing brilliant red color, which, how-
ever, shades off into yellowish and whitish tints, and, near the top and bot-
tom of the series, show frequently reddish-gray bands. The deep brick-red
color, however, is so persistent as to form one of the most clearly-defined
geological horizons of the uplifted sedimentary beds.

In thickness, the Triassic beds vary very considerably; thinning out
from 800 feet, as given in the general section, down to less than 300 feet.
They reach their greatest development to the southward in Colorado, be-
tween the Big Thompson and Cache la Poudre, while north of the railroad,
they appear much thinner, and, between Lodge Pole and Horse Creeks,
reach their minimum. Still farther to the northward, in the region of the
Chugwater, they again thicken, but scarcely attain the width of the beds
in Colorado.

- 1Reconnaissance of the Black Hills of Dakota, 1875, 76 and 77.
3pga
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The following sections, the one taken at the northern end of the map,
near the Chugwater, and the other 55 miles to the southward, near where
Box Elder Creek leaves the mountains, agree very closely in general out-
line, and serve to show the character of the Triassic rocks.

At the Chugwater, we have:

. Reddish-yellow sandstone.
. Bluish-white cherty limestone, 6 to 10 feet.
. Fine red sandstone.
. Compact arenaceous limestone, 3 or 4 feet.
. Red shales.
6. Fine red sandstone, with interstratified beds of clay.
7. Heavy massive red beds, with layers of fine conglomerate.
The entire section showing between 500 and 600 feet of strata.

At Box Elder Creek, we have:

< B VU

1. Reddish-yellow 8andstone ... .. ... ieiiiiiiiaiiieiierennennnn.

2. Fine-grained earthy sandstone, with layers of gypsum........... ....

3. Thin bed of blue limestone.... ... ... oot it ian.. 150 feet.

4. Laminated shales, with somered clays ...... ........................

5. Yellowish-red sandstone ...... cocoeeineniuen s ieieetonennnnsannennn 100 fect.

6. Massive red 8andBtOne ... .. oottt it i e e 300 feet

7. Coarse red sandstone, with conglomerate................ ... .......... 100 feet.
650 feet,

It is evident, from the foregoing sections, that sandstones form by far
the greater part of the entire series of strata. Even the conglomerates,
shales, clays, and earthy beds, which occur interstratified throughout the
formation, appear more or less arenaceous, and are really closely allied
to true sandstones, only showing considerable diversity in texture and
mechanical conditions. The conglomerates would appear to be much more
prevalent near the base of the series, especially south of the Cache la
Poudre, where they lie resting directly upon the Archzan body, and carry
considerable detrital material, derived from the lower rocks. Shales and
impure clays, which, in thin layers, may be found anywhere from the base
to the summit, characterize the middle formations; while the upper beds

are usually finer-grained, with an earthy appearance, and carry thin beds
of limestone and gypsum.
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In the more compact and massive sandstones, transverse bedding forms
a very prominent and marked feature of the Triassic Red Beds.

In addition to the well-defined limestone beds, many of the horizons in
the upper impure sandstones appear highly calcareous, which is, however,
not evident to the eye, but which, when they are treated with dilute acids, is-
indicated by a brisk effervescence. A typical specimen of the red sandstone
in our collection, taken from near the entrance to the Big Thompson Cafion,
and not far below the top of the Triassic series, presents a fine-grained fria-
ble texture, a deep red color, with a shaly, laminated structure. A fragment
from this rock was subjected to chemical analysis by Mr. B. E. Brewster,
with the following result :

Ferricoxide .. .. ... .. .. ... 1.30

Alumina .. ... L. ... 2.15
Lime ... ... ... 6.07
Magnesia ... . ... ... ... ... ... .....l. 4.40
Potassa - .- - ... 2,38
Soda ..o 1.14
Carbonicacid ... .. .. ... L.l 9.00
BTN 2 <N 1.62
) Siliea. .o oo 67.37

Insoluble residue { Aluming oo . 5.69
101.12

This analysis shows the presence of a large amount of soluble carbon-
ates, including a high percentage of dolomite, and a considerable admixture
of argillaceous materials. So large a proportion of carbonate, with no trace
of gypsum, occurring in a formation in which many of the horizons are
marked by the presence of heavy deposits of the latter salt, is not without
considerable interest.

Underlying the shaly sandstone a short distance, occurs a deep red bed,
somewhat coarser-grained, still more friable, and without any laminated
structure, which, upon being treated with acid, gave no indication of the
presence of soluble carbonates. Laminated impure shales, from a well-
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marked horizon on Horse Creek, and interstratified between coarse sand-
stones, were found on examination to contain a considerable amount of
calcareous substance, which is probably, like the bed from the Big Thomp-
son, largely dolomitic. They have a fine-grained arenaceous texture, with
a deep reddish-yellow color.

The limestone beds in the Triassic series along the base of the Colorado
Range are, in many localities, well marked, but do not appear to be per-
sistent over very wide areas; at least, they were not always observed in
crossing the formation, but, where noticed, always preserved the same gen-
eral characters. Two distinct beds, but a few feet in width, are recognized.
They are clearly defined north of the Chugwater, and are shown in the sec-
tion already given, where the lower bed consists of a compact, siliceous,
granular rock, and the upper one a bluish-white cherty band with a brittle
fracture, not unlike the characteristic limestone stratum so persistent in the
Jurassic beds.

The deposits of gypsum, which form so marked a feature of the Red
Beds, are largely developed in many localities along the base of the Colorado
Range. They occur in irregular beds, interstratified in the deep red sand-
stones and shales, and, although they may possess a wide range throughout
the entire horizon, are much more prominent in the upper formations.
Although quite distinct, and separated from the limestone strata by interven-
ing sandstone layers, the heavier gypsum beds are usually at no very wide
interval from the limestones. The deposits vary in thickness from 2 feet
up to at least 25 feet; the heavier bodies frequently occurring as broad
beds, with a considerable thickness in the centre, but thinning out toward
the edges. The gypsum occurs both massive and crystallized; is nearly
white in color, with a light reddish tinge, and frequently reddish-gray from
the admixture of slight impurities; the lustre is usually pearly, and often
brilliant. The compact massive gypsum, where not discolored by exposure,
is generally snow-white, presenting a striking contrast with the brick-red
dolomitic shales.

Gypsum from Red Valley, near the northern end of the Laramie Hills,

is quite pure, possessing very nearly the required theoretical composition,
an analysis yielding—
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Sﬁlpha,te of lime ... ... .. . ... ... ........... 7811
Water ... ... .. 21.21
99.32

No organic remains have yet been found in the Triassic formations
east of the Colorado Range.

JURAssIC FORMATION.—Intimately connected with the Red Beds occurs a
series of loose friable sandstones, limestones, marls, and impure clays, pre-
senting great variety in color and texture, and passing from one to the other
by almost imperceptible grades. The entire series is usually composed of
fine-grained material, and the clays and marls show a more or.less laminated
structure. These beds have been referred to the Jurassic age. |

While the prevailing character of the Triassic beds is a deep red sand-
stone, the overlying Jurassic rocks possess a slightly reddish tinge, but are
marked by beds of orange, purple, and lavender-colored strata, which con-
sist largely of argillaceous material. Narrow beds of limestone occur in
both formations, while gypsum, which forms so prominent a feature in the
Triassic, is found in thin, narrow seams, in what would appear to be several
different horizons in the Jurassic. .

The line which has been adopted as forming the boundary between
the Triassic and Jurassic periods is a somewhat arbitrary one, not being
based upon any broad structural or paleontological evidence, or, indeed,
upon any clearly-defined lithological distinction. Where the upper forma-
tions of the Triassic period consist of the deep red compact sandstones,
and the overlying strata are friable light-colored beds, the line of separation
has been taken at the summit of the more massive red series. In many
places, however, the top of the Red Beds possesses a yellowish shaly char-
acter, shading into the upper series, rendering a sharp line of separation
somewhat difficult to establish. As the upper beds, however, are much
more easily decomposable, they have suffered considerably from erosion,
and have been worn out into longitudinal depressions, or valleys, between
harder layers of rock, forming a somewhat marked physical feature of the
ridges, and at least offering a convenient division between the two series of
rocks. No organic remains sufficiently well preserved for specific deter-
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mination have been obtained from Jurassic rocks east of the Colorado
Range; but as characteristic strata have been easily recognized, which are
very- persistent wherever the Jurassic occurs, and below which, on the
Laramie Plains not far above the Red Beds, well-defined Jurassic fossils
have been identified, it seems, for the present at least, desirable to place
the line of separation at the top of the compact red sandstones.

In thickness the rocks, which have been referred to the Jurassic, vary
from an extreme development of 250 feet, down to less than 75 feet. They
attain their greatest thickness in Colorado in the region of the Big Thomp-
son Creek. To the northward, their average width may be taken at 200
feet. In Wyoming, along Lodge Pole and Horse Creeks, they appear less
clearly defined, being in part obscured by loose soil, and in part resembling
the Triassic beds. Here they are probably represented in some places by
only 75 feet of strata. Still farther to the northward, they expand again
to at least 150 feet, showing most of the characteristic beds to be found in
Colorado and Western Wyoming. The lowest beds in the Jurassic series
are usually reddish-yellow sandstones and shales, passing into lighter-
colored beds, partaking more and more of a marly nature, with inter-
stratified beds of hard sandstone and some limestones. The upper beds
are friable sandstones interstratified in compact gray and cream-colored
marls, with varying proportions of lime. In several localities, these cal-
careous marls would seem to be represented by well-defined beds of lime-
stone.

At Box Elder Creek, near where the stream leaves the mountains, the
following section was made across the Jurassic beds:

. Fine friable sandstone.

Gray marls and clays.

. White marls.

. Yellowish calcareous sandstone.

. Cherty limestone.

. Orange sandstone with light-colored clays.

. Gray marl with purple and reddish-brown bands of clay and thin layers of sand.
. Gray arenaceons marl.

. Reddish-yellow friable sandstone.

© 0 DG N

It represents a section of rock strata of from 200 to 250 feet in thickness.
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The limestones of the Jurassic strata appear to be of two distinct
kinds; the one a hard, dense, cherty rock, carrying a considerable amount
of silica, and usually of a characteristic gray color; the other less compact,
exhibiting greater variety in color and texture, and in most localities
probably dolomitic.

A specimen from the latter limestone, collected at the base of the
mountains, near the old “Denver and Laramie Stage Road,” shows a rather
more than usually compact texture, and a pinkish-gray color. Scattered
through the rock are numerous small crystals of calcite. Under the
microscope may be seen minute grains of silica and crystals of quartz.

This rock was subjected to compléte chemical analysis by Mr. B. E.
Brewster, with the following result: '

Silica ... ... . ... 2.77 2.95
Alumina and ferricoxide .. .. ........... 0.79 0.54
Lime. .o ... 29.90 29.89
Magnesia ... ... ... ... ... ... 1931 - 19.36
Soda and potassa...................... 0.38 0.28
Carbonic acid ... ....... ... . .. ... 45.05 45.14
Water. . . ooee e e 1.35 1.30

99 55 99.46

Combining the carbonic acid with the bases we have very nearly the

composition of true dolomite.

Carbonate of lime. .. .. ... .. .. _...._. 53.40 53.02
Carbonate .of magnesia................. 40.5%5  40.66
93.95 93.68

Dagora Creraceous.—Although the base of the Jurassic is fre-
quently obscure, the upper horizon, which has generally been adopted as
separating the series from the Dakota sandstone of the Cretaceous group,

is usually well defined and easily recognized along the entire base of the
mountains. The Dakota beds are essentially a sandstone formation, and
as bthey are usually hard and compact, frequently almost a quartzite, they
form a well-defined horizon. Lying between the easily-eroded Jurassic



40 DESCRIPTIVE GEOLOGY.

marls and clays below and the overlying blue shales, clays, and soft
crumbling rocks of the Colorado group above, the Dakota beds are usually
a conspicuous feature in the ridges which form the foot-hills of the main
range. Where the Pal®ozoic and Mesozoic rocks are found resting upon
the Archzan masses at a highly-inclined angle, the Dakota group may
usually be traced, forming the uppermost member of the steeper ridges; but
where the angle is low, they frequently pass under, and are concealed by
the overlying Tertiary beds.

In approaching the mountains from the Great Plains, the Dakota beds
are especially prominent, as they form the outlying member of the series
of upturned sedimentary beds, which rise so abruptly above the plain; for,
although the overlying Colorado group is perfectly conformable, they never
occur high up on the long ridges, which form a sort of barrier bettveen the
level country and the mountain region beyond.

As already mentioned, the Dakota is a sandstone formation, and pre-
sents but little variety in its physical features and composition along the
base of the mountains. The bottom of the series is usually a fine conglom-
erate, passing into a hard brownish-yellow sandstone, distinctly bedded, and
in many localities showing the presence of considerable iron scattered
through the rock. Occasionally, the iron will appear in segregations, form-
ing rounded patches or blotches of iron stain on the yellow sandstone in a
very striking manner. Frequently, the upper members of the group are a
loose friable rock, many of the beds being nearly a white sandstone. Thin
seams of black clay, rich in iron and occasionally some carbonaceous mat-
ter, although somewhat rare, occur all through the upper part of the group.
Along the Laramie Hills the Dakota formation in places develops a ten-
dency toward a shaly structure, but in, general they are characterized by
massive beds. '

In thickness, the Dakota group may vary from 200 to 300 feet.

The following section in Northern Colorado will serve to show the
general character of the lower member of the Cretaceous series, especially
as represented between the Big Thompson and Cache la Poudre:
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1. Yellow 8andstone ... . . ..ceue it unnit it iieneancaecanaaniens } 100 feet
2. Coarse sandy beds, with frequent clay-seams.... ......cocueerenreennn. ok
3. Yellowish-brown sandstone, almost a compact quartzite............... } 200 foet

eet.

4. Coarse yellow sandstone, passing into fine conglomerate...............

300 feet.

So far as examined, none of the sandstones would appear to carry any
carbonate of lime. A specimen of the Dakota sandstone, taken from the
prominent outlying ridge north of Wahlbach Spring, presents a fine-grained,
even texture, with a yellowish-brown color. Under the microscope, with a
high power, many of the quartz grains indicate the presence of glass cavi-
ties, while between the sand particles may be recognized an occasional
fragment of hornblende, and a green mineral, which appears to be chlorite.

This rock was subjected to chemical analysis with the following result:

Silica. .. .. .. ... 95.46
Alumina ... ... ... ..., e . 2.69
Ferricoxide - . ... ... .. ... . . .. ... .. ..... 0.18
Lime. ..o IO 0.14
Magnesia .. ... ... ... .l ... . 0.06
Soda and potassa - - - - .. oeiiii i 0.25
Ignition .. ... ... ... - 118

99.96

CoLorapo CreTAcEOUS.—The Colorado group embraces the Middle
Cretaceous highly fossiliferous rocks, which overlie the Dakota sandstone,
and, in turn, underlie the sandstones of the Upper Cretaceous. The group
is essentially composed of clays, shales, marls, limestones, and some impure
sandstone, which, taken together, form a well-defined series of beds, and
include the three divisions of the Middle Cretaceous, of the section made
by Meek and Hayden along the Upper Missouri River: the Fort Benton,
Niobrara, and Fort Pierre beds. '

Along the east base of the mountains, within the belt of our exploration,
but more especiaily in Wyoming, it would appear almost impossible to indi-
cate, with any degree of-accuracy, the divisions of the series, although their
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presence is very easily recognized, and in many localities either one or the
other bed occurs well developed.

The Fort Benton beds, which lie next the Dakota, and are only exposed
along the base of the abrupt ridges, consist of dark plastic clays, at times
distinctly bedded, and frequently occurring as thinly-laminated paper-shales.
The lower beds are always more or less arenaceous, with interstratified beds
of purer clay, while the upper beds sometimes carry thin seams of argilla-
ceous limestone, which, in many places, cannot be distinguished from similar
beds in the Niobrara. In general, the beds are very uniform in lithological
character. Along the Laramie Hills, they are somewhat difficult to recog-
nize, as they are usually concealed by loose soil and débris from the steeper
ridges to the westward, but in Colorado they may be traced for long dis-
tances in well-defined north and south lines.

The Niobrara beds, which occur just above the Fort Benton, although
much thinner, are, from their characteristic colors and peculiar mode of
weathering, more easily recognized. Where the upper beds of the Fort
Benton are calcareous, it is generally difficult to separate the two series
below the yellowish-white chalky limestone strata, which is so pronounced
a feature in the Niobrara. They consist mainly of marls and impure
limestone. The lower members are bluish-gray argillaceous limestones,
with occasional beds of lighter-colored clays, all of them highly fos-
siliferous, passing up into yellowish-white or cream-colored marls, associated
with gypsum, which occurs frequently in thin, irregular layers, and at times
disseminated through the marls. Not far above this occurs a second bed of
somewhat deeper yellow marl, which at the top passes into bluish-gray, soft,
earthy beds.

The base of the Fort Pierre group is usually much obscured by over-
lying soil, and at times the lithological aspect of the beds blends so com-
pletely with those of the underlying Niobrara that any separation seems
impossible ; but in other localities the dark, almost black, thinly-laminated
clay affords a very distinct horizon. The entire group, like the Fort Benton
division, is made up of clay-beds, with but little variety in general character.
The lower clays carry considerable amounts of carbonaceous material, and
along the seams and cracks incrustations of gypsum and alkaline salts.
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Some of the richer carbonaceous shales along the Laramie Hills have been
examined for coal, but without success. The npper beds are somewhat
lighter in color, usually harder, and perhaps more siliceous.

Only at one locality north of the railroad, about 2 or 3 miles north of
Horse Creek, do the Fox Hill beds, overlying the Fort Pierre, occur, and
even these may prove to be the extreme upper members of the lower division ;
everywhere else the Pliocene Tertiary strata conceal the beds above the
black clays. In Colorado, however, the Fox Hill beds extend along the
base of the range, and the junction between the Fort Pierre and the next
series above may be well seen. Here the more prominent clay-beds pass
into coarse argillaceous sandstone, of a dirty brown color and crumbling
texture, but carrying well-defined fossils, characteristic of the group.

The Colorado beds, like all the other sedimentary strata along the base
of the range, vary somewhat in thickness, and appear to reach their greatest
development in Colorado. No accurate measurement of their thickness was
made at any one place, and it would be somewhat difficult to do so, as the
group is more or less covered with soil, and the dip extremely variable.
The lower members of the Fort Benton beds incline uniformly with those
of the Dakota; but, owing to their plastic, flexible nature, are likely to fall
away to the eastward with a lower angle, which is not recognized until we
find the more prominent marls of the Niobrara lying inclined at a reduced
dip. The Fort Pierre clays would seem either still more flexible, or else,
removed farther from the main range, to have undergone less pressure in the
uplift of the strata, for we find the beds extending far to the eastward, flat-
tening out with low angles, frequently inclined at from 3° to 5°. In this
way, they change from an abrupt angle of 30° to nearly horizontal strata,
rendering an estimate of their thickness a matter of some difficulty.

Their thickness may be best obtained by measuring at different points,
where well exposed, the several members of the group, and from these esti-
mating the entire expansion. Probably the extreme development of the
Colorado beds will be found not to fall much short of 1,000 feet in Colo-
rado; while, in Wyoming, the thickness will be somewhat less, but over
the greater part of the area the upper members of the series are never seen.



44 DESCRIPTIVE GEOLOGY.

The following section was not made at any one point, but will serve to
show the character of the entire group:

1. Interstratified beds of clay and sands, in many localities the clays
predominating, and in others the sandy beds....... ........ $ 250 350 feet.

2. Dark arenaceous clays . ceie eeaeeiiieeenae eaia-

3. Grayish-black carbonaceona clays and shales............ ..... )

4. Bluish-gray, soft,earthy beds..........o..coiviiiinnien caul |

5. Yellow marls and limestone .. .....oo.viennneivnirennannnnn.

6. Whitish-gray marl............. ... .. .. ...

7. Yellowish-white and cream-colored marls and limestone, with % 100~ 200 feet.
EYPSUM . cueineivnnnnnannnans P b et et e iier e

8. Light-colored maris.... ......cooveii it iiieaenann,

9. Blue argillaceous limestones. .......... ...................... ;

10, Clays, with fine calcareous beds..................covoereunnnn
) : ! . } 250- 450 feet.
11. Dark plastic clays, with arenaceous and ferruginouns layers

.....

 et—— ant—

600~1000 feet.

Although the beds show considerable variety, it is evident that they
possess, in general, simple features; the lower members being clay-beds,
more or less arenaceous, passing up into calcareous beds, and, still higher in
the series, again becoming clays, with sands near the top.

It would be difficult in most places to separate the Fort Benton from
the Fort Pierre group by lithological distinctions, but for the striking pecu-
liarities of the brilliant-colored marls of the Niobrara; where the latter are
concealed, and the beds are not defined by their organic remains, it becomes
almost impossible to say to which series certain beds may belong. The
Fort Benton clays, lying next the rigid sandstones of the Dakota, are easily
- eroded into broad shallow depressions, with the gray and yellow marls
of the Niobrara forming low ridges to the eastward. These marl-ridges,
although very insignificant in proportions, form one of the most striking
features along the foot-hills, affording excellent geological horizons in trav-
elling rapidly over the country. In many places, they show great persist-
ency, and may be followed without any break in their continuity for many
miles. They rise usually but a few feet above the surrounding level, stand-
ing out in a most marked manner above the dull earthy clays, presenting
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their steepest sides toward the range, and falling away gently to the east-
ward. Farther to the eastward the Fort Pierre clays produce a second
slight depression, or valley, but frequently somewhat broader and less regu-
lar, showing low benches and occasionally isolated mounds or hills.

Organic remains characterize several well-determined horizons in the
Colorado group east of the mountains, and in many localities appear very
abundant, especially the genus Osfrea, which-frequently forms almost entire
beds, held firmly together by a little calcareous cement. They show, how- -
ever, but little variety in species. Many of the fossils in our collections
are too poor for specific identification.

The following forms, which occnr in the Colorado group, have been

found east of the mountains:

Inoceramus problematicus. Callista Deweyi.
Inoceramus difformis. - Anisomyon sexsulcatus.
Inoceramus Barrabini. Pinna restituta.
Inoceramus incurvus. Scapliites nodosus.
Ostrea congesta. Baculites ovatus.
Ostrea ? Ammonites ?

In addition to the above, many of the clay-beds are characterized by
numerous small finely preserved fish-scales, lying parallel to the plane of
stratification. ‘ '

DescripTive GEOLOGY OF THE EasTERN Foor-miLLs.—In giving the
general geological and lithological features of the main formations, which
make up the belt of sedimentary beds along the base of the range, but little
has been said of the details in any one locality, and scarcely anything of the
structural peculiarities of ridges, showing the relations which they bear to
each other, and to the older Arch®an rocks. Inthe following pages some of
the more salient-features will be pointed out. Beginning with the northern
end of the Laramie Hills, the first occurrence of Palseozoic and Mesozoic rocks
south of the Laramie River is found at the head of Bush Creek, in a small
bay-like depression in the Archaan rocks, known as Red Valley, just
where they jut out to the eastward from the main body. Here the Paleo-
zoic series rise somewhat abruptly in a short isolated ridge, while the Trias-
sic beds are the only Mesozoic rocks represented. The latter lie nearly
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horizontal, covering the greater part of the valley, and resting directly
against the granite. The chief point of interest in the formation centres in
the immense deposits of gypsum, which appears to underlie the entire valley,
just below the surface, cropping out everywhere and in many places, over
wide areas, actually forming the surface itself. There would seem to be sev-
eral beds, varying in thickness from a few feet up to 15 feet. It is mostly
a clear white pure gypsum, and, if required for market, could be mined on
a most extensive scale. On the south side of this projecting mass of gran-
ite, and north of Reschaud Creek, the Palxozoic rocks crop out for a long
distance, dipping to the southward at a highly inclined but uniform angle.
In places, the Mesozoic beds may be found overlying them, but the Tertiary
beds lie high up on the range, concealing the greater part of the strata.
South of Reschaud Creek, the Palzozoic limestones, standing at an angle of
70° to 75°, extend in a nearly north and south direction for 3 or 4 miles,
in an unbroken line, until reaching a small tributary of the Chugwater. In
the region of the Chugwater, the outlines of the Archzan body are very
irregular, and the sedimentary beds circle around the mass, conforming
closely to all the lesser details of the older rocks.

Just north of where the Chugwater leaves the Laramie Hills, the
Archzan mass projects to the eastward, and the later beds, influenced by
the underlying body, turn in like manner in the same direction, present-
ing a great variety in structural features, and marked by abrupt changes
in strike and dip. Within 7 miles, in an east and west line, the entire
series of ridges, from the base of the Palzozoic to the top of the Colorado
group, describe a complete letter Z. Immediately to the south of the
Palzozoic beds, already mentioned as lying to the southward of Reschaud
Creek, the entire series of beds occur, standing at a very high angle, and
striking nearly due north and south, until just before reaching the Chug-
water they turn off slightly to the southeast, curving around the Archean
mass. Here the Pal®zozoic strata appear very prominently, rising nearly
vertically, and reaching to the summit of the Archean body. The Triassic
and Jurassic strata, although inclined at a high angle, do not extend high
up on the flanks; but the Dakota sandstone, on the contrary, rises in a very
bold manner, forming a high wall, dipping at an angle of 85° from the
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range. Beyond this sandstone wall, the Colorado group occurs, exhibiting
its dark shales and yellow marls. This sandstone wall is cut by the Chug-
water, showing a fine section through the entire Dakotabeds. Immediately
south of the Chugwater, the Dakota beds make an abrupt break, turning
to the southwest, and, in a very short distance, are found with an almost
due east and west strike. Indeed, all the beds turn in a very abrupt
manner, inclined at high angles; the Red Beds standing at 55° to 61°.
Where the strata are found with an east and west trend, the dip falls off to
25° and 30°. Here the Palzozoic limestones, with a uniform dip of about
25°, are found north of the stream.

The Red Beds, which are well exposed, occupy a very consider-
able area, forming a small valley, through which for a short distance
runs the Chugwater, the stream having cut for itself a narrow channel in
the upper red clays. A section across the Red Beds at this point has
already been given. On the south side of the Chugwater occurs a long,
low ridge, rising but a few hundred feet above the stream, at the base
of which the Jurassic marls and limestones crop out, while the top is
formed of the Dakota sandstones, which incline gently toward the plains,
and are overlaid unconformably by the Pliocene Tertiary beds. Just
west of the wagon-road occurs a somewhat prominent hill, in which is
exposed a good section of the Jurassic beds. The base of the hill on the
north side consists of the intensely red Triassic rocks, overlaid by the
Jurassic marls, which in turn are capped by the Dakota sandstones, form--
ing the summit of the hill. Immediately beyond the hill, the entire series
of strata again trend to the northward, which, standing at a high angle, are
seen compressed into a comparatively short space. They trend at first
north and south, then east and west, and again curve around to the north
and south, forming approximately three sides of a square scarcely 3 miles
in width. The Palxozoic limestone extends high up on the flanks of the
Archean, while the Triassic and Jurassic rocks have been worn away by
erosion, in many places several hundred feet, but the harder and more
rigid Dakota beds are seen forming a somewhat prominent ridge. The
clays and marls of the Colorado group occupy the centre of the square,
but are largely concealed by loose soil and gravel. At the entrance to the
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Chugwater Cafion, the Carboniferous limestone presents a very marked
appearance, rising almost out of the plain, for several hundred feet, in a
nearly vertical position, its beds considerably metamorphosed. On the
summit of the ridge occurs a limestone bed, altered into a fair variety of
white marble.

A short distance south of the Chugwater, the Paleozoic and Mesozoic
rocks become-depressed, and disappear entirely beneath Tertiary gravels
that have been referred to the Wyoming Conglomerate of the Bridger
basin. '

On the Chugwater, some 4 or 5 miles below where it cuts through the
wall of Dakota sandstone, already mentioned, occurs a very considerable
development of all three subdivisions of the Mesozoic rocks. Unfortunately,
but little time was allowed for the examination of this group; it would
appear, however, to derive its chief interest from the fact that, so far as
known, it forms within the belt of our exploration the only occurrence east
of the Laramie Hills of an outcrop of pre-Tertiary rocks, isolated from the
main ridges of uplifted beds ‘along the flanks of the range. Where they
first rise above the surrounding Tertiary beds, the stream has cut a channel
* through the dark ferruginous shales of the Fort Benton division of the Col-
orado Group, beyond which the stream runs through a narrow passage in
the Dakota sandstones. On the north side of the river, the Dakota beds
form quite a high ridge, dipping at an angle of 25° to 30° to the south-
ward, the entire series of rocks trending approximately east and west. North
of the Dakota ridge occurs a narrow valley of the Jurassic marls, with the
characteristic low ridge of Jurassic limestone in the middle, in turn under-
laid on the north side of the valley by the Red Beds, which appear in a low
bench, the bright red soil marking the outlines of the formation for long dis-
tances. _ ’

So far as observed, this group of upturned beds only extends for 3 or 4
miles, beyond which the Niobrara Tertiary covers all the older rocks, and
the Chugwater widens out into a broad open valley, with high bluffs and
walls of horizontal sandstone. 4

Returning to the foot-hill ridges, the entire series are again seen coming
to the surface just above the northern tributary of Horse Creek. From
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here southward to the main valley, a distance of 3 miles, all the character-
istic beds, from the Palaeozoic to the top of the Colorado group, are well
represented. The most striking feature, however, is the bold, abrupt bluffs
of the Paleozoic rocks, which rise above the top of the Triassic beds from
500 to 600 feet, exposing almost sheer cliffs of Carboniferous limestone to
the eastward, the strata standing at an angle of 70°. Three streams from
the range nearly equally divide the limestone into three somewhat isolated
ridges with curiously eroded summits, whose trend is a few degrees west
of north. Numerous forms of the genus Productus are found here, but the
only one that could be determined was P. semireticulatus.

The Triassic beds are, in general, fine-grained, somewhat shaly and
argillaceous, with both deep red and reddish-yellow beds. The Jurassic
occupies a shallow depression at the base of the Dakota sandstone, which,
in many localities, appears to form a hard capping to the more easily eroded
marls below.

Overlying the Dakota occur somewhat thin exposures of the lower dark
clays, in turn overlaid by yellow and blue marls carrying immense numbers
of the genus Ostrea, which, in places, almost makes up the rock. The upper
dark plastic clays which carry numbers of Baculites ovatus would appear to
be well developed, cropping out in low ridges and in occasional mounds
and hillocks.

Not far north of Horse Creek, the dark clays of the Fort Pierre division
of the Colorado group are overlaid by a series of beds, which crop out in
long narrow lines, rising only from 12 to 15 inches above the plain. They
consist of yellowish-brown sandstones, with seams of arenaceous clay, and
soft friable sandstone with ferruginous concretions, and some vegetable
remains. On the geological map, these beds have been referred to the Fox
Hill group, but they may possibly belong to the upper members of the
Fort Pierre. The only fossils found were a number of species of the genus
Ostrea ; but none of them have been specifically determined, and may not
be characteristic of either formation. The beds strike considerably west of
north, and dip 25° to 30° to the east. They occupy a very small area,
deriving their chief interest from being, so far as observed, the highest

members of the conformable series of pre-Tertiary strata east of the Lara-
4D G
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mie Hills. A short distance cast of here they pass under the Tertiary
plains.

Between Horse Creek and Wahlbach Spring, on the Cheyenne Pass
road, the complete series of foot-hill strata are represented, presenting a
rather uniform appearance. The Pal®ozoic rocks form high abrupt bluffs,
somewhat resembling those to the northward, less bold and striking, but
with the same cliff-like face to the eastward, having a dip angle from 55° to
65°. At the base of the cliffs, red clays and soils reveal the Triassic sand-
stone, although they fail to show the unbroken continuity of well-defined
strata that is exposed farther to the northward, while the Jurassic, which
here would appear to be quite thin, is indicated by a slight depression in
the formations, and a light clayey soil, capped by a light yellow sandstone.

In the Colorado group, the subdivisions are not always well defined,
while the upper, or Fort Pierre beds, frequently lie concealed beneath the
Tertiary. Where the Fort Pierre beds are exposed, they have suffered
considerable erosion, and have been cut through by numerous streams and
ravines, which offer good sections of the dark carbonaceous shales and clays.

Just north of Wahlbach Spring, the lower sandstones and limestones
occur inclined at 15° to 20°, possessing a much lower angle than the same
strata to the northward. The relations of the several horizons to each
other and their structural features are shown in the upper section at the
bottom of Map I, east half: in the section, however, the ‘Niobrara Ter-
tiary beds jut up against the Dakota sandstone. A short distance to the
northeast, the overlying Tertiary strata have been eroded, and the yellow
chalky marls of the Colorado group are well exposed, carrying immense
quantities of the genus Ostrea. Interstratified in the marls are thin layers,
varying from 6 inches to 3 or 4 feet, of bluish clay-slates, with some
gypsum.

Between the Cheyenne Pass road and the north branch of Crow Creek,
a broad elevated table-mountain extends out from the main Archean range
to the eastward. On the east side it rises abruptly in nearly perpendic-
ular walls, for nearly 800 feet, while toward the main range it presents a
bluff nearly as precipitous, being separated from the granites by a deep
canion, which heads near the divide of Lodge Pole and Crow Creeks. This
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table-mountain consists entirely of sandstones and limestones, including
probably the entire Pal®ozoic series found along the east base of the
range, but here lying in a nearly horizontal position. The cause of this
somewhat singular occurrence of the lower sandstones and limestone may
be found in an irregular mass of rough granite, lying to the eastward of
the table, which has elevated them to their present position, a level nearly
equal with the summit of the Archazan body. Upon this mass of Archean
granite rest the later sedimentary rocks, dipping westward toward the
main mountain-range, with an angle at their base of 8° to 10°; while on
the opposite side of the table, the same beds dip 5° to 6° to the eastward,
forming a slight synclinal fold or depression, with the beds of the summit
lying nearly horizontal. In addition to this synclinal, the limestones at
both the north and south ends possess a gentle inclination toward the
centre, producing a basin-shaped top. Upon the table, but little soil re-
maing; young trees were entirely absent, yet there were numbers of decay-
ing and dead ones of older growth, which still remained standing.

This is the only instance observed where any disconnected mass of
Archzan granite occurs, lying to the eastward of the sedimentary foot-hill
formations, which accounts undoubtedly for this singular and exceptional
structure of the strata. It is the only instance observed of a synclinal fold
in Palaozoic strata east of the mountains, and it is exceedingly interesting
in dynamical geology to notice how the entire series of lower sandstone and
limestone has been elevated in a horizontal position, and in a manner so
entirely at variance with the upheaval of the same formations everywhere
else along the mountain-slope, for a distance of one hundred miles. In this
upheaval, the Mesozoic formations do not appear to have taken part, and
they are nowhere recognized in the immediate region of Table Mountain.
East of the mountain, the structure is entirely obscured by either Tertiary
or Quaternary deposits, which rest close up against the granite. It would
appear highly probable that the comparatively low dip of the beds just
north of Wahlbach Spring were in some way connected with this outlying
body of granite, because a short distance still farther northward the beds
occur at a high angle, and to the south of North Crow Creek, beyond the
lower end of Table Mountain, they again exhibit a somewhat steep dip.
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Between the north and south branches of Crow Creek, along the base
of the range, the Palxozoic strata are the only rocks that occur well
exposed, the later Tertiaries encroaching upon the upper members. Just
south of the north branch occurs one of the high ridges or bluffs which is
so characteristic of the Laramie Hills above Wahlbach Spring, the eastern
face exposing the grayish-white Carboniferous limestone, which is always
found at the top of the series, and may be so easily recognized for long
distances across the plain.  On the upper side of South Crow Creek, the
beds of the Coal-Measure series stand nearly vertical, the lower rock, con-
sisting of a hard compact conglomerate, separated from the red, dense
granite by a short narrow cafion. The Pal®ozoic rocks appear quite thin,
and it would seem as if the lower members were wanting; at least, the con-
glomerate closely resembles an interstratified layer high up among the
Carboniferous limestones. In one or two localities, limestones may be seen
lying in isolated patches directly upon the granite. Tertiary beds form
the banks of Crow Creek Valley, extending close up to the Carboniferous
rocks, resting directly against the conglomerate formation, and, as these
upper Tertiary strata consist of a hard coarse sandstone almost a conglom-
erate, the two sets of beds, lying neairly at right angles to each other, pre-
sent a somewhat singular appearance. South of Crow Creek, the horizontal
Tertiary rests directly on the Archaan.

Crow Creek has worn out for itself a broad valley, which has cut
down deeply into the Pliocene strata, in several places exposing remnants
of Mesozoic formations, probably Cretaceous, but which lack distinctive
characters sufficient to determine their horizon, A pure white, soft, friable
rock, cropping out near the stream-bed, indicated a strike of north 35°
east, with a dip of 20° east. Occasionally the steep Pliocene bluffs along
the valley will be cut by ravines and gullies, at right angles to the creek,
formed by the washing-out of the soft sand rocks during heavy rains and
torrents, leaving near the mountains the lower unconformable rocks exposed.
In one of these ravines, Capt. A. L, Varney, U. §. A, procured some Rep-
tilian remains, imbedded in hard, dusty-gray sandstone, which Prof. . (-
Marsh identified as belonging to Lestosaurus, a genus of Mosasauroid Rep-
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tiles, abundant in the Upper Creaceous sandstone, through the Smoky Hill
country, in Kansas.

But a short distance north of the railroad occurs an outlying ridge of
Carboniferous limestone and the lower red sandstones, with a strike a few
degrees west of north and a dip 30° to the eastward. Here the lower red-
dish-gray sandstones, with the red arenaceous limestone, are well developed,
overlaid by massive blue limestone, passing up into light-gray arenaceous
limestone.

Along the immediate line of the railroad, the Pliocene formation extends
up to the Arch=an body, but directly south the same red sandstones and
blue limestone, which occur to the north, come again to the surface, with
‘a dip of only 20°. The limestone has been quite extensively quarried for
burning in kilns, and is said to furnish a very good quality of lime, which
formerly supplied Cheyenne, Greeley, and the neighboring towns.

Coal-Measure fossils were found here; among them were identified—

Productus cora.
Athyris subtilita.

Still farther southward, the Palzozoic rocks occur inclined against the
Archzan gneisses at an angle of 8° to 10°. They appear to form an unbroken
line nearly down to the old Denver and Laramie stage-road, presenting an
abrupt wall to the main mountain mass, but falling off with gentle slopes
toward the plain. The outlines of overlying formations are somewhat poorly
defined, owing to the very irregular erosion of the Pliocene and accumula-
tions of Quaternary deposits. South of the Wyoming and Colorado bound-
ary-line, all the formations, including the Fox Hill beds, are well exposed,
dipping at various angles; the Dakota Cretaceous capping the higher and
more prominent ridges, and the Colorado Cretaceous, with the upper sand-
stones, stretching far out upon the plain.

The uplifts of Carboniferous limestone would appear to terminate near
where Box Elder Creek turns and breaks through the sedimentary ridges,
and from there southward the Triassic Red Beds occur lying next the

Archsean.
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South of Box Elder Creek, the Triassic beds extend westward for 3 or

4 miles, in a broad, level table, occupying a depression in the Archazan

~ body, overlapping it in a nearly horizontal position, dipping not more than
2° toward the southeast. Lying next the granites occurs a bed of coarse,
reddish-gray conglomerate, which underlies the bright red sandstone. It
was not recognized to the north, but it is probably only a conglomerate bed
in the Triassic, which here, owing to its position next the granite, appears
somewhat coarser and more largely developed East of the Triassic table,
the Upper Mesozoic formations dip with varying angles toward the Great
Plains, showing considerable disturbance and displacement of strata. Where
the stage-road enters the mountains, 3 or 4 miles north of Park’s Station,
the Cretaceous and Jurassic beds are seen occupying a small re-entering
bay or depression. On the inside of this bay, the Jurassic and Dakota
Cretaceous curve around, so as to form nearly a semicircle, while the softer
beds of the Colorado group fill the central portion. On the north side, the
Colorado beds strike north 45° to 50° east, with a dip 25° to 30° to the
southwest; while, on the south side, they present an equally steep dip to the
north, forming a sharp synclinal, with the strata contorted and pressed
together in a very marked manner; the yellow and cream-colored marls
forming so conspicuous a feature of the Cretaceous that the structure is
easily made out. The light-colored chalky marls are here characterized by
a great abundance of the genus Osirea, associated with gypsum. From
Park’s Station southward to the Cache la Poudre, the ridges present a very
uniform appearance, with a strike approximately north and south, and a dip
varying from 15° to 25° east; the Dakota Cretaceous forming an almost
unbroken wall of hard reddish-brown quartzite.

Along the base of this wall, all the subdivisions of the Colorado group
may be recognized, especially as the Niobrara beds are well developed,
although it would seem impossible to define either their lower or upper
limits, as the calcareous beds, which are their characteristic lithological fea-
ture, pass gradually into both the Fort Benton and Fort Pierre divisions.
The Fort Benton and Niobrara beds at Park’s Station dip from 16° to 18°
east, while the Fort Pierre clays to the eastward rapidly flatten out, indi-
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cating dips of 6° to 8°. Near Park’s Station wero found the following
Colorado Cretaceous forms :

Inoceramus problematicus.
Inoceramus difformis.
Inoceramus Barrabini.

The lower geological scetion, which is given at the bottom of Map I,
and crosses the Colorado Range and the Cretaceous plain, cuts the ridges
nearly at right angles between 3 and 4 miles south of Park’s Station. Here
the Red Beds form a well-marked sandstone ridge, with a dip of 20°. The
Jurassic marls, with the included limestones, occupy a slight depression at
the base of the more elevated Dakota Cretaceous, which here consists of a
hard, compact sandstone, inclined also at 20° toward the plain, but present-
ing an abrupt wall on the western side. The Colorado group occupies a
valley along the base of the Dakota wall, with the lower formation clearly
represented.

From the Cache la Poudre to the Big Thompson, a distance of 15
miles, the ridges present considerable uniformity, both in structural and
lithological characters. The general strike is a few degrees west of
north, with an average dip from 18° to 22°; both the Red Beds and Da-
kota sandstone maintaining the same average dip. Proceeding southward,
the Red Beds would appear to increase gradually in thickness, and to dis-
play more variety in color toward the top, with a loose friable texture.
The valley, or depression, which has been already mentioned as frequently
lying between the Triassic and Dakota sandstone, and occupied by the
Jurassic marls, here becomes a marked topographical feature, arising in
part, no doubt, from the sandy, easily-eroded summits of the Red Beds,
and in part from the nature of the rigid quartzite wall of Dakota sand-
stone. The Dakota beds here attain a development of nearly 300 feet,
which is their maximum thickness east of the mountains. At the base of
the Dakota the conglomerates, which form so persistent a feature, are
exposed in a hard compact quartzite rock, which is overlaid by sandy
saccharoidal beds, in turn overlaid by a second quartzite. All the divisions
of the Colorado group crop out to the eastward, but with the same litho-
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logical and structural features that have already been noted north of La-
porte. The bluish-gray argillaceous limestone at the base of the Niobrara
serves as an excellent geological horizon, as it crops out so characteristi-
cally and is so persistent.

A specimen of this rock, a fine-grained variety, in which were im-
bedded numerous specimens of the genus Inoceramus, was submitted to
chemical analysis, yielding—

Carbonate of lime. ... ... ... ... . ... ... ... .... 65. 93
the residue indicating a fine blue clay. The lower members of the Col-
orado group maintain approximately the dip of the Dakota beds. An
observation made just below Laporte gave, for the yellow chalk marls, an
inclination of 16°, while the upper, or Fert Pierre beds, rapidly flatten out,
and occur with as gentle a dip as 3°to 5°.  The upper member of the Fort
Pierre beds consist largely of arenaceous material, which renders it diffi-
cult to separate them from Fox Hill beds. 'The line which has been fol-
lowed, however, lies at the base of a long, low ridge of red ferruginous
sandstone, which stretches far out upon the plain. In these lower beds,
which have an earthy yellowish-brown color and loose texture, were found:

Scaphites nodosus.
Pinna restituta.
Inoceramus Barrabini.
Inoceramus incurvus.
Callista Deweyi.
Amnisomyon sexsulcatus.
Ostrea ?

H

characteristic Fort Pierre fossils, which have likewise been found on the
Upper Missouri River near the boundary line between the Fort Pierre and
Fox Hill formations.

Several miles before reaching the Big Thompson Creek, a long spur
or ridge of Archaan schists projects out, with a slight angle to the south-
west, away from the main body of the Colorado Range, becoming gradu-

ally lower, finally passing away under the plain. As the great body of
Archzean rocks still lies to the westward, this spur causes a sort of depres-
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sion, or bay, in the outline of the erystalline mass, around the lower end
of which the sedimentary ridges curve somewhat sharply, following
closely the Arch@an boundary in all its details. In this way, the narrow
spur forms an anticlinal axis, with sedimentary beds dipping away on
both sides.

On the east side, the beds maintain the same dip as found to the north-
ward, averaging from 18° to 25°.  Below the end of the Archzan body, the
sedimentary ridges extend, with an anticlinal structure, for some distance
farther southward, the Dakota sandstone still forming the outer member of
the upturned ridges. Near where the Dakota beds curve around to follow
up along the west side of the Archan spur, they dip at 45°.  The westerly-
dipping beds have a general trend of north 35° 40" west, with all the forma-
tions standing at a much higher angle than upon the east side, many beds
reaching nearly a vertical position, with the Dakota sandstones standing out
from the main ridge in a most prominent manner. About 2 miles north of
the crossing of the Big Thompson, the Mesozoic formations again curve round,
this time doubling upon themselves, and resting directly on the main
Archaan Range in a manner similar to the outer ridges next the plain.
The beds thus dipping eastward from the main range form, with the westward
side of the anticlinal fold, a broad synclinal valley within the bay or depres-
sion in the Archman body, which at its broadest expanse measures
nearly 3 miles across, gradually narrowing toward the north, until
terminated by the coming together of the opposite sides of the fold in a
continuous ridge. The Colorado Cretaceous, influenced by the abrupt
bending of the underlying formations, circles around the Dakota sandstone,
but, so far as observed, does not run up into the northern end of the synclinal,
the Dakota forming the upper member exposed. At least, on the east side
of the recess, Dakota beds occur standing nearly vertical, and on the west
side inclined at a much gentler angle, with a considerable intervening space,
so covered with accumulations of Quaternary material as to obscure all the
underlying formations, concealing, if present, the Cretaceous marls and
clays.

Where the Big Thompson Creek cuts through the outer or anticlinal
ridge, it affords a very good exposure across the Red Beds, Jurassic, and
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Dakota Cretaceous. The Red Beds are characterized by heavy, coarse
sandstones, of an intensely deep red color at the base, shading off into
light yellowish-red near the top, both the Triassic and Jurassic carrying
the lime-beds well developed, as limestone and gypsum. In the Triassic,
calcarcous layers, more or less mixed with sand, would appear to occupy
a thickness of 50 feet; both the thin beds of limestone, which charac-
terize the Red Beds in other places, being well developed, rising above
the sandstone in low, regular ridges. The gypsum deposit, a nearly pure
white bed, here attains a thickness of at least 25 feet, interstratified in dark
red sandstone. In the Jurassic, the light gray cherty limestone, which is
a persistent and well-marked feature in the horizon, crops out in a bed
nearly 10 feet in width, both underlaid and overlaid by fine, light marls.

The line of separation between Triassic and Jurassic, at best an arbi-
trary one, based chiefly upon lithological distinctions, is, at the entrance to
the Big Thompson Canon, somewhat difficult to follow, as the marly heds
show a considerable vertical expansion, passing down gradually into the
Red Beds.

CreTaceous Prains oF CoLorapo.—The clays of the Fort Pierre
division of the Colorado group become more and more arenaceous toward
the top, and, by imperceptible gradations, pass up into well-defined sand-
stones of Upper Cretaceous strata. This great development of sandstone
embraces both the Fox Hill and Laramie divisions. It covers by far the
greater part of the area east of the Colorado Range, extending beyond
the limits of our exploration both eastward and southward, forming the
characteristic feature of the Great Plains. The lower member, the Fox
Hill sandstone, lies directly upon the Fort Pierre clays, whose upper beds,
flattening out to the eastward, are rarely seen inclined at a higher angle
than 5° or 6°, with an average dip of 2° to 4°>. The junction between
the two formations is generally marked by a low ridge, 2 or 3 feet in height,
presenting a mural face toward the mountains, but sloping off gently east-
ward. This wall, which constitutes a somewhat striking physical feature,
is formed by the soft clays having been eroded into shallow longitudinal
valleys, and irregular depressions and basins, partially filled in with detrital
accumulations, leaving the overlying harder sandstone at a slightly higher
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elevation. Although these sandstones form by no means an unbroken ridge,
they may Dbe traced without difficulty from Box Illder Cxeek far to the
southward of the Big Thompson. From the top of this low ridge, the Fox
Hill beds extend out upon the plains with considerable uniformity, falling
away gently from the main range, and presenting a nearly level monoto-
nous surface.  Where best observed, they have in general a north and south
strike, agreeing approximately with the conformable sedimentary ridges,
which rest upon the Archwan body. Along the immediate base of the
range, they afford but little variety or interest in structural features, lying at
low angles, nowhere deeply cut by drainage-courses, with the surface planed
down, and generally covered by vegetation.

Along the base of the Laramie Hills, the Fox Hill beds are buried
beneath the unconformable Tertiary strata, and first reach the surface just
below the boundary-line of Wyoming. Here the exposures are quite irreg-
ular, owing to the uneven erosion of the overlying beds and a somewhat
local disturbance of the strata; but south of where Box Elder Creek enters
the plains, the lower members of the series may be recognized.

In the low sandstone ridge mentioned above, organic remains, charac-
teristic of the boundary between the Fort Pierre and Fox Hill divisions,
may be collected in many localities. They were especially abundant just
east of Park’s Station, about a mile north of the Cache la Poudre, and
between 3 and 4 miles southeast of Laporte. From the latter locality
were collected numerous well-preserved specimens of the genus Inoceramus,
including Inoceramus Barrabini, associated with Ammonites.

The Fox Hill beds east of the Colorado Range are characterized through-
out by great uniformity in texture and physical habit, and consist of a
coarse sandstone formation, showing only variations in color from reddish-
brown to reddish-yellow. They are usually massive, carrying hard, com-
pact beds, interstratified between layers of a more friable nature, which, in
the uppermost beds, offer exposures far less numerous than in the lower, and
have therefore been less searched for organic remains. We have at the top
of the series several hundred feet of strata, whose beds have furnished no
fossils; at least to our parties. The thickness of the Fox Hill strata is some-
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what difficult to estimate, owing partly to the impossibility of determining
its upper limit, and in part to the uncertainty of dip.

The Fox Hill strata pass by imperceptible gradations into the Lar-
amie series, offering no well-defined line of separation, both formations
from top to bottom consisting of coarse sandstone. It is difficult to
give a detailed description of either division which is not in some po-
sition in the series applicable to the other. In general, however, the two
formations present some distinctions which are recognizable in the field
over large areas. In the Fox Hill beds, the sandstones are usually more
massive, with great uniformity of texture through a wide vertical range.
The Laramie beds indicate more variety, with changes, within certain
limits, from coarse to fine layers, frequently interstratified with seams of
argillaceous sandstonc and of pure clay. In color also, the beds show
more changes from rusty-yellow to deep red, with well-marked layers of
whitish-gray sandstone. Another characteristic is the occurrence of beds
of loose quartz-grains, like beach-sand, lightly held together by some
ferruginous cementing material. The Laramie formation possesses even a
less dip than the Fox Hill, and over wide areas dips only from 14° to 2°;
in many places it appears perfectly horizontal. In one or two localitics,
far to the eastward, the beds indicate a slight inclination to the westward
toward the mountains, as if there had been a gentle oscillation in the move-
ments of the beds producing a wave-like structure. Such a structure,
however, was not clearly shown. The Fox Hill and Laramie formations
taken together have been roughly estimated, in Northern Colorado, as
measuring 3,000 feet in thickness, allowing some 1,500 feet to each. In
the Laramie formation occur the great deposits of coal, which have proved
of such great economic value to Colorado. They form one of its most
distinctive features, as in Northern Colorado, at least, no beds of coal have
as yet been found in the Fox Hill beds. Through a wide vertical horizon,
thin seams of coal and carbonaceous clays appear to crop out in the more
elevated banks and ridges, but no attempt to give the numbers of such
seams or their true positions in a section has as yet been made with any
degree of accuracy. Within the limit of our survey, no coal deposits of
any great value have as yet been opened, although a number of tunnels
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have been run, and shafts sunk in several localities without success; all
the important deposits of workable coal lie to the southward.

Near what has been taken as the base of the Laramic formation occurs
a bed of friable red sandstone, which may be followed for a long distance
by a low bank or ridge. In this red sandstone, numerous beds of coal and
carbonaceous clays outcrop, many of them having been more or less ex-
plored. At the extreme northern limit of the Laramie formation, about 18
miles southwest from Cheyenne, and 5 or 6 miles west from Carr Station,
on the Denver Pacific Railroad, in this same red sandstone, occurs one of
the earliest discoveries of coal in Colorado.

It derives some interest from its being the most northern occurrence
of coal, beforc the beds pass under the Tertiary deposits. At this locality,
the sandstones dip between 10° and 12° to the eastward. A tunnel has
been run in on the coal for 100 feet. The seam of coal between the im-
pure clays measures 3 feet.

The following section was made along the bank, beginning at the top:

1. Reddish-yellow sandstone.

2. Arenaceous clay............ e e e 3 feet.
3. Blueclay ............ LT EE 1 foot.
O e 3 feet.
5. Black clay and impure coal ........... ... oial.s e 1 foot.
6. Red sandstone.

In the sandstone overlying the coal may be collected large numbers
of shells belonging to the genus Ostrea.

The coal appears to be of poor quality, and the mine was soon aban-
doned. It possesses a jet-black color, a somewhat resinous lustre, hut
crumbles readily on exposure to the air. '

Following this red sandstone southward, the coal outcroppings may be
traced for a distance of several miles along a shallow longitudinal valley,
which trends a few degrees west of south. Along the eastern ridge, usu-
ally above the outcropping clay beds, the same shell of the genus Ostrea
was found as already mentioned, but very poorly preserved. Still farther
southward, the same sandstone rocks would appear to gradually assume a
less dip until they are seen, nearly west of Park’s Station, lying horizont-
ally, terminating to the eastward in abrupt escarpments, overlooking a
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nearly level grassy plain of Laramie sandstone. . Still farther southward,
the same beds appear to extend nearly to the Cache la Poudre. Along the
valley of the river, and upon the adjoining banks, Quaternary beds con-
ceal in a great measure the underlying rocks, but the same series of beds
would appear to lie upon both sides of the stream.

On Lone Tree Creek, near Carr’s Station, may be seen the grayish-
white sandstone, which would appear to be characteristic of certain hori-
zons in the Laramie formation. Along Lone Tree Creck, Owl Creek, and
still farther eastward beyond the limits of our map, beds of undoubted Lara-
mie age form the surface of the plains, In many localities, beds of argil-
laceous sandstones and carbonaceous clays, with indications of coal seams,
crop out; while on Crow Creek, between 4 and 5 miles from its month,
where it empties into the South Platte, occurs a thin stratum of coal em-
bedded in reddish-gray sandstone, which lies approximately horizontal. So
far as known, at the time our parties visited this country, in the summer of
1872, no shaft had been sunk in explorations for coal. Since that time,
however, numerous openings have been made, which have cut coal seams
varying from 2 to 3 feet in thickness, almost always lying nearly horizontal ;
but in most cases, the shafts have been abandoned, the coal, besides heing a
thin seam, having proved to be of little practical value. 7

All the specimens of coal which were collected in northern Colorado,
from the area under examination, and those which were shown to us from
the immediate region, presented the same general characters, mostly jet
black, with a bright lustre, when pure, and free from clay. Many of them
carry thin films of pyrites. All of them would appear to crumble readily
when exposed to atmospheric agencies.

In regard to the palzontological evidences of the Laramic formation,
it may be said that none of the characteristic types of the Fox Hill beds,
so abundant all along the base of the mountains, were found by our parties
in the upper sandstones. But at several localities forms of marine inver-
tebrata, which Prof. I. B. Meek has’pronounced as undoubtedly of Cre-
taceous age, were obtained from a friable red sandstone which forms the
overlying stratum of the Plains. They were found in the high bluff which
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lies between the Cache la Poudre and Big Thompson, west of Greeley and
Evans; the most westerly occurrence being some 8 miles west of the former
town in a bed which dips about 1° to the eastward. They also occur on
Lone Tree Creek. On Crow Creek, about 4 miles above the mouth, and
between the two streams, several miles north of the South Platte.

The following species have been identified :

Avicula Nebrascana.
Avicula cancellata.
Cardium speciosum.
Mactra Warrenana.
Nucula planimarginata.

In addition to the above, Prof. J. J. Stevenson' has since obtained from
near Evans and Platteville, just southeast from the map, the following
species :

Ammonites lobatus.
Mactra alta.
Anchura — ?

Still later, members of Dr. Hayden's® corps have visited the region
and collected most of the above species. It is evident that this group of
fossils which occurs together in so many localities within such a limited
area, in beds of precisely the same physical habit and composition, and lying
approximately level, belong to the same geographical horizon. Indeed, the
beds may be traced without much difficulty along the Big Thompson and
Cache la Poudre Valleys, and then eastward up the valleys of the northern
tributaries to the South Platte. These sandstones form the exposed banks
along Crow and Lone Tree Creeks, and may be traced northward, passing
under the Tertiary of Chalk Bluffs.

No organic remains were obtained from the beds in close proximity to
carbonaceous clays and coal-layers east of the Denver Pacific Railroad,
but the structural relations of the beds is such that there can be no doubt
that the thin layers of coal occur under, or rather interstratified in, the red
sandstones, with well-defined Cretaceous marine invertebrata overlying

' The Geological Relations of the Lignitic Groaps, by J. J. Scevenson,. 1876. .
*United States Geological and Geographical Survey of Colorado, Washington, 1876.
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them. Although the Laramie beds in the extreme northern portion of
Colorado have as yet furnished no coal deposits of great economic value,
the region is of considerable geological interest from the occurrence of
Cretaceous types lying in such close relation with the coal strata. Beyond
the limit of the map, the Laramie beds were traced southward, and were
found underlying the plains at Denver, and to include the valuable coal
deposits at Erie, and the Marshall and Murphy mines north of Golden,
extending from within one-half mile of the base of the range far out upon
the Plains into Eastern Colorado.

The Laramie beds form the uppermost members of the great series of
conformable strata that lie upturned against the Archaan mass of the
Rocky Mountains; all overlying strata resting unconformably upon the
older rocks. South of Chalk Bluffs such beds cover very subordinate

areas, and are of but little geological importance. T hey are always found

lying either horizontally or upon some sloping bed of deposition, and fre-
quently occur filling depressions, the results of erosion in older formations.

Along the immediate base of the range, usually just outside the
Dakota sandstone, occur isolated patches of irregular terraces and benches,
which consist of coarse gravel and smooth rounded boulders held together

by ferruginous sands. To the southward, they are much better developed

than in the extreme northern part of Colorado. In the region of the Big

Thompson, they form a local but well marked feature, appearing on both
sides of the valley, having been cut through by the stream. They reach a
development of about 200 feet in thickness, extending southward as far as
the Saint Vrain’s Creek. There is no positive evidence as to age of these
terraces, and they may be either Pliocene- -Tertiary or Quaternary; but,
from their close resemblance to beds east of the Laramie Hills and to others
westward on the Wyoming Plains, they have been referred provisionally
to the Wyoming Conglomerate, the latest Pliocene beds of the Rockv
Mountains. Out upon the Plains, away from the Colorado Range, the L:m:-
mie sandstones are in places concealed by heavy accumulations of coarse
detrital material of Quaternary age, which consist of finer material than the
well-marked terraces, but would appear to be largely derived from their

decomposition. Such accumulations form quite a prominent feature in the
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region of the South Platte, and on the low bluffs between Evans and
Greeley, and, indeed, in all the shallow basins worn out of the Cretaceous
rocks. They lie scattered over the plains in irregular detached beds, and
are not represented on the geological maps.

TerTIARY PLAINS OF WyOMING.—Between 5 and 6 miles south of the
forty-first parallel, the Fox Hill and Laramie Cretaceous pass beneath the
nearly horizontal beds of Tertiary strata. Abundant evidence has been
furnished that these deposits are, without doubt, the sediments, filling the
basins of the ancient fresh-water lakes, which formed so characteristic a fea-
ture of the Rocky Mountains through Tertiary times. East of the Rocky
Mountains, these formations cover a very large area. From Chalk Bluffs
they extend completely across the Territory of Wyoming, having been
traced far northward into Dakota. To the eastward, they stretch far out
upon the Nebraska Plains, their boundary in that direction having never
been carefully determined; while westward the Colorado Range formed
an effectual barrier.

Within the area of our survey occur both Miocene and Pliocene strata,
with palzontological evidence of their age. To the beds of the Miocene
lake-basin, the name, White River, first used by Dr. Hayden, has been
applied, while, for the overlying Pliocene strata, the name Niobrara, first
suggested by Prof. O. C. Marsh, has been retained.

WuiTe River MiocENE.—As the White River formation is overlaid by
the Niobrara, the outcrops of the former are necessarily somewhat limited,
and the difficulty of tracing the outlines of the ancient Miocene lake is greatly
enhanced. Within the area of our map, the only opportunity for studying the
White River strata is to be found along the south and east face of Chalk Bluffs,
where they protrude from beneath Pliocene beds. They rest unconformably
upon the Laramie sandstones, and although the Cretaceous lies essentially
horizontal, it has undergone considerable erosion before the deposition of the
Tertiary, as the latter is found filling the uneven surfaces of the former.
The Chalk Bluffs are but the abrupt terminations to the south and east of
the Tertiary strata, which rise from the Cretaceous Plains by receding
benches and terraces some 700 feet in height. From Cheyenne southward,
the surface of the country is nearly level until within a short distance of the

5D a
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bluffs, where the country begins to fall off in low, gentle benches of Pliocene
strata, overlying the more abrupt cliffs of Miocene which rest directly upon
the Laramie sandstones. Along the face of Chalk Bluffs, numerous small
streams, ravines, and gullies have worn out good exposures in the soft beds,
producing a rugged, uneven surface of clays, marls, and sands.

From an examination of the country to the west of Chalk Bluffs, it seems
evident that, while the Pliocene shore extended close up to within a short dis-
tance of the Archzan foundation of the Colorado Range, the waters of the Mio-
cene lake, which undoubtedly stood at a much lower level, were hemmed in
farther out upon the plains by the gently-rising Mesozoic beds, the beach-line
being formed upon the Laramie formation. On the other hand, the Pliocene
beds are found resting unconformably upon all the divisions of the Cretd-
ceous, Jurassic, Triassic, and Carboniferous.

The Miocene strata are exposed from near Carr’s Station on the Den-
ver Pacific Railroad, eastward across Owl Creek, the tributaries of Crow
Creek, and stretch beyond our eastern boundary.

Between the Laramie sandstones below and clearly-defined Pliocene
beds above, the Miocene presents a development of nearly 300 feet in thick-
ness, with an altitude for the basin of about 5,800 feet above sea-level. The
line separating the Miocene and Pliocene lake-basins is, however, a difficult
one to determine, as both formations lie horizontally, and consist of beds
with much the same lithological composition, with but little evidences of
erosion between the two series. So far as the Chalk Bluffs are concerned,
the line of junction between the two basins rests almost entirely upon
palzontological evidence.

In general, the Miocene lake strata, in their lithological habit, are char-
acterized by a rapidly-changing composition, with a considerable variety in
texture, color, and compactness of beds, and are noticeable, in distinction
from the Pliocene, for the fineness of sediment and absence of heavy layers
of coarse, sandy material. They consist of alternating layers of marls and
clays, interstratified with thin beds of fine sand, lousely held together with-
out any cementing material. Occasionally, beds will be more compact from
the presence of ferruginous layers, which make well-defined horizons. In
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color, the beds are all of light shades ; the marls, which form the most promi-
nent feature in the cliffs, suggesting the name of Chalk Bluffs.

From the exposures in the Chalk Bluffs, along the tributaries of Crow
and Little Crow Creeks, Prof. O. C. Marsh has made large collections of
vertebrate fossils, now in the museum of Yale College, which abundantly
prove the Miocene age of the lower beds. Among the more important of
these vertebrate remains obtained from this locality may be mentioned the

following: :
DBrontotherium ingens, Marsh ;

Drontotherium gigas, Marsh ;

two huge mammals, nearly as large as an elephant, and exceeding in size
any other extinct animal from this formation. These animals belong to an
entirely new family, which Profgssor Marsh has designated the Brontotheride.
They were as large as the Dinocerata, which characterize the Eocene lake-
basins of Wyoming. They are most nearly related to the rhinoceros, but
show some characters that indicate close affinities with the elephant. /

Another large mammal, described from this region by Professor Marsh,
was Llotherium crassum, also about the size of a rhinoceros. In these same
Miocene beds were also obtained many small mammals, carnivores, rodents,
insectivores, and a few fragments of birds.

NiosRaRA PLiocENE—The upper 300 or 400 feet of the Chalk Bluffs
consist of Pliocene strata, which cover the entire area of our map east of the
Laramie Ilills. The surface of the country is undulating, but generally so
smooth and covered with loose soil as to present but few good exposures,
except along the valleys of numerous streams and on the benches high up
near the mountains. The valleys of Crow, Lodge Pole, Horse, and the
Chugwater Crecks cut deeply into the underlying strata; the bluffs upon
both sides of the streams presenting long continuous walls of bare rocks,
from 100 to 200 feet in height. These streams, whose valleys vary from
1 to 4 miles in width, usually erode through the soft strata till they reach
some bed of Iim'd, impervious clay, which forms their bottom. The surface
of the Pliocene lake-basin, along the immediate base of the range, had an
altitude above sea-level of at least 7,000 feet, and perhaps from 100 to 200
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feet more. For the entire thickness of the deposit, the beds would indicate
from 1,200 to 1,500 feet.

As already mentioned, the beds are found lying unconformably upon
the older uplifted strata and overlapping the area of the Miocene basin.
South of the Union Pacific Railroad, they occur abutting against Mesozoic
formations; just north of Granite Cafion, they lie next the Archwan
mass; and a ghort distance beyond, at the mouth of Crow Creek Cafnon, are
found essentially horizontal against nearly vertical Paleozoic limestones.
From Crow Creek northward, as indicated upon the geological map, they
may be seen resting directly upon every formation, from the Archzan to
the Fox Hill Cretaceous.

In general, the lithological aspect of the Niobrara Tertiary strata
closely resembles that of the Miocene basin, as already described; but
from the much greater area over which they occur, and from the many
widely separated exposures, affords peculiarities not observed in the limited
outcrop of the latter. The most prominent feature in the Pliocene, in dis-
tinction from the underlying formation, is the prevailing arenaceous nature
of the beds, and the greater persistency in character, through a wider verti-
cal range. Marls, clays, coarse and fine sandstones, conglomerates, with
some nearly pure limestones, make up the strata. Of these, fine, marly
sandstones are the predominant beds, while light-colored limestones are
exceptional, and would appear to occupy only small areas, probably lentic-
ular masses, filling shallow basins and depressions.

Over the greater part of these Tertiary plains, the upper layers are
made up of coarse, hard sandstones, which near the mountains may be
called a conglomerate, firmly held together by a fine cementing material,
forming a sort of concrete. They consist of fine and coarse pebbles, crys-
tals of quartz, and feldspar; chiefly material from the Archaan granites and
gneisses, varying in size from a pea up to a foot in diameter. The upper
stratum withstands atmospheric agencies remarkably well, and serves to
protect the more easily eroded beds beneath. The character of these over-
lying conglomerates is well shown along the gently-sloping bench upon
which the railroad reaches the mountains, and along the bluffs upon both
sides of South Crow Creek, where it not infrequently overhangs, eaves-
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fashion, the softer rocks below, which have been washed out by the driving
rains and storms. A peculiarity of this upper fine conglomerate is a ten-
dency to split up into blocks and slabs from 6 to 12 inches in thickness.
Near the mountains, these upper beds lie inclined at from 13° to 24°, form-
ing a most excellent railway-grade. Underlying the fine conglomerate
along the railway-bench, and in the valley of Crow Creek, occurs another
characteristic bed of the Pliocene basin, which consists of an exceedingly
fine, almost impalpable, arenaceous marl, of a light cream color, and free
from all inclosed pebbles, which mark both the underlying and overlying
strata. Out upon the Plains, the upper stratum is usually somewhat finer
than near the mountains, but of essentially the same nature—light-gray and
ash-colored rocks, consisting of sands and Archean pebbles. Below these
are alternating beds of marls, clays, and calcareous grits, with thin seams
of mud-rocks and belts of fine sand.

South of the railroad and west of Chalk Bluffs, the country falls off
rapidly, and has undergone a very considerable amount of erosion, ¢arrying
away a great part of the Tertiary strata, and leaving a broken, irregular
surface, with isolated hills and benches of Pliocene beds, which, where not
covered by Quaternary detritus, offer exposures of considerable vertical
thickness, but without any special geological interest. Erosion has, in
several places, so worn away the overlying Tertiaries within the area colored
on the map as Pliocene, between Box Elder and Lone Tree Creeks, as to
expose, in a few localities, isolated patches of the underlying unconforma-
ble Cretaceous sandstones. About 12 miles south of Cheyenne, and 3 or
4 miles northwest from Carr's Station, the effect of erosion upon these
horizontal strata is well shown at the ‘“Natural Forts”, where the reddish-
yellow sandstone is curiously worn away, leaving walls well arranged for
purposes of defence. About 5 miles south of Cheyenne occurs a develop-
ment of the light cream-colored limestone of the Pliocene basin. As it
weathers slowly, it stands above the friable sands that here form the top
of the plateau, and appears above the surface in a line of low, conical hills.
It has a hard, cherty fracture, and is traversed by thin seams of quartz,
which give the rock a somewhat more siliceous appearance than chemical
analysis would indicate. Attempts have been made to burn it for lime,
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but they were soon abandoned, the lime made from the Carboniferous rocks
at Granite Cafion proving much more desirable.

An analysis of the Cheyenne limestone yielded Mr. R. W. Woodward
the following:

Silica. .o 1.49 1.H2
Ferric oxide - . .. ... ... L L. L. 0.3 0.31
Manganous oxide.......... ... ... .. .. 0.15 0.15
Lime....... o e e e H4.16 54.18
Magnesia...... .. ...l 0.15 0.15
Carbonic acid and water. ... ... .. __._.. " 43.68 43.69

100.00 100.00

North of Crow Creek, along the bluffs of Lodge Pole and Horse
Creeks, the beds retain much the characteristics of those already described,
being light-colored, fine-grained sediments, largely arcnaccous, with beds
of marls and calcareous grits. The prevailing color of the sandstone is
either ash or lavender, many of the beds suggesting fine pumice.

Near the mountains, between Lodge Pole and Chugwater Crecks, both
the Tertiary and Cretaceous rocks have undergone considerable erosion,
producing longitudinal valleys shut in by the Laramie Hills on one side
and abrupt walls of Pliocene Tertiary on the other. North of Horse Creck
these walls, which are quite regular, and have bheen designated as Shelter
Bluffs, rise from 250 to 300 feet in height. They consist of the same light-
colored marls as found upon Crow Creek. In places they are filled with
small concretions of the same material, although harder, and carry thin beds
of sandstone.

The Chugwater is, perhaps, the most characteristic valley, which cuts
through the Tertiary basin, the stream running for over 50 miles throngh
a nearly continuous line of bluffs, offering exposures of marls, grits, and
clays capped by the hard sandstones. Evéry few hundred yards the bluffs
are cut at right angles by ravines and gullies, which offer considerable
diversity in form and outline, suggesting the “ Maunvaises Terres” of Dakota.

All through the marls and caleareous grits, but more especially abund-
ant in the bluffs along the Chugwater, occur irregular segregations and
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thin lenticular seams of a jasper-like rock. This rock is traversed by nar-
row lines of calcareous spar and silica. It possesses a conchoidal fracture,
a homogencous texture, and in color is always some light shade of gray,
green, or brown. In many localities, it is penetrated by dendritic forms of
iron or manganese. Moss-agates arc found scattered through the marls in
small fragments and chips, which have been eagerly searched for by the
inhabitants. In one or two localities, they occur so abundantly as to form
an article of commerce. They were purchased by a firm of manufacturing
jewellers, in Cheyenne, at a fixed price per pound, from which they obtained
large numbers sufficiently clear and perfect to polish for ornamental stones.
Most of the moss-agates which we see worn are obtained from the Tertiary
plains of Wyoming. Many of them show a great variety of colors, with
beautiful ofmlescent tints, and are frequently very rich in the enclosed den-
dritic forms of iron and manganese. Fine specimens have been found on
the Chugwater, near the crossing, and again on Horse Creek, 12 miles east
of the Military Road.

Silicified wood is also scattered through the Pliocene basin, but is a
less marked feature than in the Tertiary beds of Nevada.

As regards the life of the Niobrara basin, invertebrate remains would
appear to berare; at least, mone were found by our parties. But of verte-
brate fossils, Prof. O. C. Marsh has made large collections from numerous
localities, especially from the upper beds at Chalk Bluffs, many of the
species being identical with those found in the same formation from the
“Mauvaises Terres”.

Among the more important species obtained by Professor Marsh may
be mentioned the following:

Mastodon murificus, Leidy.
Llephas imperator, L.
Protohippus parvulus, Marsh.
_ Pliokippus, Hipparion.
These forms show a warm temperate climate

Wyoming ConcrLoMERATE.—Clearly overlying the Pliocene lake-
deposits are found, along the base of the range, beds of both coarse and
fine conglomerate, which hold a somewhat doubtful geological position.
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They are recognized only on the Sybille Creek and its tributaries, and in
the region of the Chugwater and Pebble Creeks; localities where the Palee-
ozoic and Mesozoic strata are wanting, the Tertiary formations abutting
directly against the Archzan body. They are best developed on the
Sybille, where they reach a thickness of 300 or 400 feet, made up largely
of Archazan material, from rocks found in the Laramie Hills. The forma-
tion is cut through by numerous streams, which give it a bench-like terrace
formation. That they overlie the Niobrara basin there can be no doubt,
and at the same time are older than the loose Quaternary detritus that
covers the plains all along the base of the range. Upon the geological
map, they have been referred, along with somewhat similar beds on the Big
Thompson, although at the latter locality they are not so well developed,
to the Wyoming Conglomerate of the Green River basin.
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SECTION II.

LARAMIE PLAINS

BY ARNOLD HAGUE.

Prysicar DescriptioN.—To the westward of the Laramie Hills extends
a broad expanse of open, nearly level country, known as the Laramie
Plains, occupying the depressed area between these hills on the one side
and the Medicine Bow Range on the other; the former a comparatively
low uniform ridge, reaching scarcely more than 1,500 feet above the plain;
the latter a high mountain mass rising between 3,000 and 4,000 feet. On
the south, the plains are shut in near the forty-first parallel, the boundary
between Colorado and Wyoming, by the coming together of the Colorado
and Medicine Bow Ranges, and to the north by the Rattlesnake Hills, an
irregular mountain group beyond the limits of this exploration. To the
northwest, however, the plains are not entirely rimmed in, the open country
stretching for a long distance without any marked geographical boundary.
For most purposes, however, it will be well to regard the western boundary
of the plains as limited by the Como Ridge, just north of the Medicine
Bow Range, and situated at the extreme northwestern corner of the east
half of Map I. As thus defined, the Laramie Plains measure at least 80
miles in length by about 30 miles in width.

In their broader general features, these plains bear many points of
resemblance to the arcas of depression along the Archean Ranges of
the Rocky Mountains, which stretch across Colorado southward as far as
New Mexico, and have been designated the parks. In the case of the
plains, they cover a somewhat larger extent of country, and are not in so
marked a manner completely enclosed by high rugged mountains.

The Laramie Plains have an average elevation of 7,000 feet above
sea-level, varying from 6,800 to 7,300 feet. The town of Laramie, on the
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line of the railroad, has an elevation of 7,143 feet, or a little more than
1,000 feet above Cheyenne, near the east base of the Colorado Range. The
surface of the country is undulating, with slopes so gentle, and with such
rounded outlines, that to the eye the greater part of the area seems
‘practically level, and appears only to be broken by long bench-like ridges
and occasional patches of sandstone, which have escaped the general
erosion. Over the greater part of the area there is no elevation that could
possibly be called a mountain or butte, only hilly ridges 100 or 200 feet
above the general level.

The Laramic Plains are drained almost exclusively by the Laramie
River, which, rising high up in the Medicine Bow Range, enters the plains
near Sheep Mountain, flows a little north of east until it reaches the lowest
part of the valley on the eastern side, then near Fort Sanders turns and
runs north, with a very circuitous course, till beyond the limits of our map.
No stream joins the river from the east, and from the south only two creeks,
Willow and Antelope, reach the main stream. Numerous streams come
down from the Medicine Bow Range on the west, but the Little Laramie,
with its many tributaries, alone empties into the main river, the others
either ending in lakes or sinking in sands, except in seasons of long-con-
tinued rains. The Laramie River is a fine, clear stream, with a rapid cur-
rent and a broad alluvial bottom covered with grass.

Rock Creek, at the northern end of the Medicine Bow Range, after
running out upon the plain, suddenly turns, flows westward around the
Como ridge, and joins the Medicine Bow River; the only stream that does
not drain toward the Laramie River.

Dotted over the surface of the plain occur numerous small lakes, lying

in shallow basins in the nearly horizontal sandstones. Many of them are

fresh-water lakes, or only slightly brackish; while others, especially the
smaller ones, are strongly alkaline, and, in dry seasons, completely disap-
pear, leaving incrustations of salines, admixtures of carbonates and sul-

phates. Deposits of these salts also occur on the plains, which may prove

to be of considerable thickness and of economic value. The largest of the

lakes is known as Cooper’s Lake, lying in about the middle of the plains, just
west of the railroad. It measures nearly 4 miles in length by 2 in width.
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Trees are wanting over the entire area, cxcept along the broad valleys
of streams; but the ridges, benches, and plain are well covered with a
luxuriant growth of grass, offering fine grazing land.

GeNEraL GeoLocy.—In their geological aspect, the Laramie Plains are
essentially a Cretaceous formation. All the beds of the Cretaceous recog-
nized in other localities are represented, from‘the Dakota well up into the
I'ox Hill sandstones. The Colorado group, however, covers the greater part
of the area, lying in a nearly horizontal position. Along the flanks of the
ranges, the entire series of conformable strata exposed in the uplifted ridges
east of the mountains occurs bordering the plains, resting unconformably
upon the Archean masses at varying angles, but always flattening out
toward the valley. Rising above the plain, on the eastern side, occurs
the broad belt of Palxcozoic strata, which forms the western side of the
anticlinal fold, already mentioned as passing over the Laramie Hills.
From beyond the northern limits of our map, southward for 55 miles, these
Palicozoic beds extend with an unbroken continuity of strata nearly to
Harney Station, on the line of the railroad, where they are overlapped by
Red Beds, which, from here southward, rest directly on the granite. No-
where along the belt of the Fortieth Parallel Survey do the Carboniferous
limestones present for so long a distance so uniform a ridge, with as little
exhibition of marked flexures or folds, as along the west side of the Laramie
Ilills. The strata everywhere dip with great regularity at gentle angles;
the highest observed dip being 12°, with an average inclination from 5° to
8°.  High up on the hills, next the Archaean rocks, the lower red sandstones
occur, forming a low wall with a steep face toward the older formation, and
sloping gently westward. The surface is usually so worn down, and the
inclination of beds so slight, that the ridge offers but few localities for
obtaining sections through the entire series. Only in one or two places
have the limestones been cut by deep cafions, exposing any very great
thickness of strata; the cafions just back of Laramie City and Fort Sanders
probably presenting the best exposures, with abrupt walls several hundred
feet in thickness. The Palwozoic series, on both sides of the Laramie ITills,
show very great similarity in lithological habit. At the base occurs the
coarse red sandstone, more or less compact, made up of fine quartz-grains
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and angular pebbles, in places passing into a hard conglomerate; but none
of the beds observed exhibit the tendency to form quartzite, as on the oppo-

site side of the range. The lower sandstones pass up into granular arena-

ceous limestone, with a reddish-yellow color, intercalated with layers of
lighter shade, and in turn overlaid by heavy massive blue limestone, reach-
ing to the top of the series. Probably, the narrow layers of sand-rock and
conglomerate, which may be detected in the blue limestone along the east
base of the range, occur here, but the opportunities offered for observing
such details are by no means as good. In thickness, the Paleozoic beds
west of the hills develop not far from 1,200 feet of sandstone and limestone
strata.

All palaeontological evidence obtained from these beds would tend to
show that they belonged to the Coal-Measure limestones. No fossils were
found in the upper members of the series, as on the east side; but, on the
other hand, in several localities, within 200 or 300 feet of the base, charac-
teristic Coal-Measure forms are abundant.

Near where the road which crosses the range, following up Sybille
Creek from the east, passes over the Carboniferous limestone upon the
west side, the beds which are found dipping from 5° to 7° conmsist of a
hard, moderately fine-grained, bluish-gray limestone, carrying through a

vertical range of 200 or 300 feet, and reaching at least within 200 fect
of the base, the following Carboniferous species:

Productus Prattenianus.
Productus costatus.
Athyris subtilita.

Near the top of the Cheyenne Pass, in a very similar-looking limestone,
and doubtless the same horizon, were found—

Productus semireticulatus.
Productus cora.

Athyris subtilita.
DBellerophon
Orthoceras

?

?
Still farther southward, some 5 miles northwest of Sherman, the lower



LARAMIE PLAINS. 77

members of the series are well exposed, the lower red sandstone being quite
characteristically but thinly developed, and overlaid by a slightly reddish-
gray limestone, possessing a strike of north 20 east, and a dip from 7°
to 9° west. Near the base of this limestone were procured the following :

Productus Prattenianus.
Productus cora.

Along the gentle slope of the plain, directly overlying the Carboniferous
limestone, occur the Red Beds of the Triassic. The junction between the
two formations is not always so readily traced as east of the mountain, the
surface-rock being generally concealed by loose soil, and is frequently only
to be followed by the distinctly reddish tinge given to the gravel by the
overlying sandstone. In a few localities, red sandstone beds stand out
prominently in bench-like formations or bluffs, but usually appear planed
down, conforming with other strata in the gentle slope toward the bottom
of the valley, lying inclined from 4° to a perfectly horizontal position, and
offering but few good exposures. The best exposures of the Red Beds,
including, as well, those of the Jurassic group, may be seen near Red Buttes
on the railroad where the characteristic and peculiar forms produced by
erosion on sandstones of horizontal Triassic beds has suggested the name
for the station. Over a considerable area, immediately east of the station,
sandstones, marls, and clays have been eroded into isolated hills and ridges,
exposing the strata in many places for over 100 feet in nearly vertical walls,
the heavier and more compact layers preserving the softer and more friable
ones beneath from being worn down by atmospheric agencies. Near Red
Buttes, the upper members of the Carboniferous are bluish-gray limestones,
while the lowest red sandstones lack the intense color usually observed at
the base of the series. They have a reddish-yellow tinge, with concentric
spots of brick-red, and show more or less of a shaly structure. In compo-
sition, they appear to consist of fine grains of quartz, held together by a
cementing material of carbonate of lime. All the beds are fine-grained,
with occasional layers carrying coarser pebbles, and varying in color, but
always exhibiting some shade of red, even up to the top of the J urassic,
the two formations being here very difficult to separate by the lithological
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distinctions observed elsewhere. In the upper part of the series, the most
characteristic Jurassic limestone has a flesh-red color, with a uniform texture
mixed with considerable fine, angular grains of sand. No well-defined
organic remains were found, but the rock shows indistinct fossiliferous frag-
ments.

This limestone was subjected to chemical analysis by Mr. B. E. Brewster,
with the following result:

Silica

...................................... 22.218
Terric oxide and alumina_ ... ... .. .. _ ... _. 0. 210
Lime. . oveeee e - 43.237
Magnesia. . . cooiat L 0. 150
Carbonicacid. ... ... ... ... .. 33. 937
R S P 0. 140
99. 890

which, when combined, yields—
Carbonate of lime........ e 76. T48
Carbonate of magnesia. ... ...... .. .. .....__. 0. 321

Along the east side of the plains, the Dakota sandstones may at times

be recognized, cropping out above the accumulations of Quaternary débris,

sufficiently well defined to trace their horizon. At the north, the beds

appear to incline westward, with an angle of 2° to 3°, but become hori-
zontal to the south. They crop out just east of Lake Ione, and, so far as
observed, are found only on the east side of the Laramie River till within
6 or 7 miles of Laramie City, which they appear to underlic as well as
Fort Sanders, and to form the banks on both sides of the river; on the
west side rising above the stream in a low rounded ridge, sloping west-
ward.

The rock is a yellowish-brown, medium-grained sandstone, with some
carbonaceous material scattered through the upper beds.

South of the railroad, the Triassic, Jurassic, and Dakota Cretaceous,
following the boundary of the Archewan, curve around to the southwest,
lying inclined at not more than from 1° to 4° toward the plain. The Tri-

assic Red Beds rest directly on and overlap the granites, jutting up against
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the steeper slopes. All the beds fall away gently, with an occasional ridge
formed by a layer of hard sandstone, capping softer beds, which presents a
slight escarpment toward the mountain, and through which the streams
have cut their channels, ‘exposing portions of the strata. On Aatelope
Creek, the gypsum deposits are well shown, just north of the Willow Creck
and North Park Road, interstratified in dark red sandstone. South of the
road, about one mile, bordering the creek on both sides, the light-colored
Triassic strata have been eroded into the most fantastic and fanciful forms,
which very readily suggest the name, which has been applied to them, of
the “Ruined City”. They are neither as prominent, nor cover so large an
area, as the similar formation at Red Buttes, but, on the other hand, are much
more compact, with great diversity of outline, and suggest a variety of
architectural designs.

A short distance west of Antelope Creck, the Triassic rocks occupy a
re-entering angle, or depression,‘ in the Archazan body, extending some
twelve miles to the southward of the Colarado and Wyoming boundary, and
westward to the Laramie River. Along the east side of the river is a nar-
row strip of Archaan rocks, upon which the Triassic beds rest. Here the
Red Beds, and probably the overlying Jurassic marls and limestones, are
well developed, exhibiting a series of nearly horizontal strata, between 1,000
and 1,200 feet in thickness, with perhaps a very slight inclination toward
the north and northwest, the beds dipping away from the Archaan body.
Facing the plains, the red sandstone presents an abrupt wall from 600 to
1,000 feet in height, showing in a marked manner the variegated beds, with
the interstratified marls and limestones; while, on the east side, Sand Creek,
which rises on the top of the plateau, cuts a deep, narrow cafion through
the Red-Bed formation. These exposures exhibit a development of Triassic
beds at least 1,000 feet in thickness, and are overlaid by the light-colored
Jurassic strata, forming the summit of the plateau.

Resting upon the Archzean body, the lowest beds consist of coarse, fii-
able, ash-colored sandstone, with pebbles and angular fragments, over-
laid by a thin bed of hard, cherty limestone, which is, in turn, overlaid by
reddish-gfay sandstone. Above this comes the usual persistent red sand-
stone, passing up into clayey beds, more or less shaly, developing into a
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series of argillaceous sandstones, with thin layers of fine red clay and beds

of gypsum, the latter varying in thickness from two or three inches up to
several feet; the thickest deposit of pure solid gypsum, measuring 22 feet
in width, lying between two beds of hard red sandstone. Nowhere in the
region of the Rocky Mountains, within the belt of this exploration, are the
gypsiferous deposits so well developed, at the same time so easily accessible

from the railroad. Overlying the gypsum series, again occur the red sand-

stones, passing up into yellowish-red friable beds, shading off into white sand-
stones and marls, which may represent the base of the Jurassic series.
Above the white sandstone occurs a bed of fine bluish-gray cherty limestone,
which crops out prominently, and probably represents the stratum which
is so persistent east of the Colorado Range; this, in turn, is overlaid by
white and cream-colored sandstones and marls, passing into brownish
beds, with layers of variegated clays and marls, and again overlaid by fri-

able white sandstone, which appears to form, in many places, the summit
of the plateau.

The following section represents more clearly the succession of strata,
with estimated thicknesses, beginning with the Jurassic on the summit of
the plateau, and descending to the base of the Triassic, which rests on

Archzan rocks:

Jurassic.
1. Friable white sandstone..........cc ..t e tece i aaaaaaaas

9. Reddish-brown sandstone, with layers of variegated clays nnd?

INATIS & o eeeeeseeeeeanasaaanenrssaasanasonanoaraanancen sannas 100 feet.
3. Cream-colored sandstones and marls
4. Bluish-gray cherty limestone
5. Grayish-white sandstone

.............................

..................................... 25 feet.
....................................... 75 feet.

6. Yellowish-red sandstone
7. Fine deep-red sandstone

.....................
...................

................... } 375 feet.
8. Argillaceous sands and shales, with interstratified layers of fine clay
and gypsum, including one bed of gypsum 22 feet thick

........... 150 fect.
9. Red compact sandstone.............oiiiiiiiiiii i 250 feet.

10. Reddish-gray sandstone ..........coo. Lol il

11. Thin bed of gray cherty limestone ...................o0 coiuen.n. 225 feet.

12. Coarse, friable, ash-colored sandstone, with pebbles...............

1,200 feet.
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Near where the North Park road leaves the plains, going over to the
Upper Laramie River, the Triassic and Jurassic formations jut up against
the Archaan, which here occurs as a low, narrow ridge, only 300 or 400
feet in height, forming the east side of the Laramie Valley. On the oppo-
site side of this ridge, in the broad river-valley, occurs an isolated body of
Red Beds, the sandstones which formerly covered the ridge having been
entirely eroded. The exposure of Red Beds, however, is limited, as a
short distance below, where the road crosses the valley, the river runs
through a narrow gorge in the Archzan rocks, west of Sheep Mountain.
Under the characteristic red sandstones is found a narrow layer of blue
limestone, only a few feet in thickness, below which occur white sandstones.
Returning to the Plains again, we find that east of Sheep Mountain the
beds of the Colorado group are the oldest formations found lying upon the
Archzan body. The older rock-mass presents a steep slope toward the
plains, around which curve the Cretaceous clays and marls, with a very
varying strike and a somewhat varying dip. The line of junction between
the two formations is very much obscured by detrital accumulations from
the mountain, the clays presenting few well-defined outcrops. Approach-
ing the mountain by the North Park road, the first outcrops that are seen,
after leaving the nearly level plain and commencing to ascend the gentle
grade, are a series of dark brown and black, thinly-bedded shales and clays,
with interstratified layers of impure limestone, more or less mixed with coarse
sand. In the limestone occur some fragments of organic remains, but too
poor for specific determination, while the purer black clays carry thin
seams of carbonaceous material, with occasional coatings and incrustations
of gypsum. Underlying these dark clays, which have been referred to the
Fort Pierre division, occur yellow and blue marls, which crop out in low,
rounded banks, rising but a few inches above the level plain, but which
mark very clearly the horizon of the Niobrara beds. They are character-
ized by the presence of large numbers of the species Ostrea congesta. Below
the light-colored marls, the beds pass down into slate-colored mud-rocks,
becoming more and more argillaceous, and apparently losing the calcareous
character of the overlying strata; these clay-beds, in turn, are underlaid by

6D G
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brownish, rusty sandstone, with occasional concretions of ferruginous mate-
rial.  All of these beds dip at low angles, varying from 8° to 15°.

On the north side of Sheep Mountain, where the Big Laramie River
leaves the Medicine Bow Range, running out on to the plain, the entire
series of sediméntary rocks again appears resting upon the Archaan body.
The Carboniferous beds, here a light blue arenaceous limestone, stand
nearly vertical, close up against the metamorphic rocks, and overlaid by
the bright-colored Red Beds, with the fine gray marls of the Jurassic indi-
cated by their characteristic soil and peculiar topography, lying between two
formations of massive sandstone. Lvery formation, from the Triassic to the
Niobrara division of the Colorado group, appears well developed along the
south bdnk of the river, inclined at 16° to 18°. Above the bank, the Fort
Benton clays arc somewhat concealed by overlying soil; but along the
bluffs, where the river cuts the beds at right angles to their strike, the dark,
almost black clays, passing up into slate-colored marls, are well exposed.
The bluish-gray marls, which characterize the junction between the Fort
Benton and Niobrara divisions, and form a prominent feature cast of the
Colorado Range in the region of Big Thompson Creek, are shown here,
carrying the well-known Inoceramus problematicus. On the north side of
the river, outcrops of the light-colored marls stand out prominently, but
would seem to be quite thinly developed; at least, they rapidly pass into
coarse, friable sandstones, which, in long, gentle, bench-like ridges, extend
out upon the plains.

Between the Big and Little Laramie Rivers, east of Bellevue Peak, the
Colorado beds are again found resting on the Archezan, as in the case of
Sheep Mountain, but are still more hidden by overlying Quaternary
deposits. At the northern end of Bellevue Peak, the lower sedimentary
rocks again reach the surface, and adhere so closely to the Archaan out-
line as to form a semicircular wall, with a diameter of less than 4 miles,

showing all the formations, from the Carboniferous to the fop of the Colo-

rado group, curving around the older rocks. The Carboniferous beds lie

1,000 feet or more up on the sides of the mountain, inclined at varying

angles, having, where they first appear on the cast slope, a dip of 20° to 25°

to the northward.  These Carboniferous limestones possess a saccharoidal
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texture, and seem highly arenaceous throughout most of the beds. Of the
Mesozoic strata, the Red Beds, Jurassic, and Dakota Cretaceous lie inelined
from 20° to 30°. Here the bluish-drab, cherty limestone of the Jurassic
forms a prominent outcrop, rising slightly above the enclosing marls.  Over-
lying the Dakota Cretaccous, the clays of the Colorado group incline at a
gentler angle, affording few exposures, except the two low rolls of blue and
yellow marls in the Niobrara division. Lixcept in the latter beds, no organic
remains were found in the entire series, and these were confined to the genus
Ostrea. 'The Fort Pierre black clays dip away from the Niobrara beds with
a slight angle, soon becoming nearly horizontal, and, so far as visited, appear
to occupy the greater part of the circular basin north and west of Bellevue
"Peak, through which the numerous tributaries of the Little Laramie River
run, and as these streams cut but little into the clays, their banks offer poor
exposures of strata. It is possible that at the upper end of the basin older
rocks than Cretaceous may be exposed resting against the Archzean range.
The surface of the basin is quite level, and furnishes excellent grazing-land
for large herds of cattle.

Along the broad valleys of the Big and Little Laramie River, and,
indeed, over the greater part of the plains, long bench-like ridges form a
characteristic feature of the region. Except on their edges, the benches
present but few outcrops, and these usually exhibit coarse sandstone beds,
lying in a nearly horizontal position. In numerous localities, organic
remains have been found embedded in the sandstones, and have in every
case been sufficiently characteristic to show that the beds belong to the
Colorado group, without clearly determining the more limited subdivisions
of the series. It seems evident, therefore, from our explorations, that the
central portion of the Laramie Plains is underlaid by the Colorado group,
and that all the beds may be present, but with more or less of an arena-
ceous texture. At the northern end of the plains, between Lake Ione and
the Laramie River, in a yellowish-brown sandstone, was found the charac-
teristic Fort Pierre species, Baculites ovatus, their surfaces being coated with
exceedingly beautiful iridescent hues, associated with the genus Ammonites.
At the southern end of the plains, near where the Laramie River crosses
the western boundary of the Fort Sanders military reservation, the banks
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of the stream have exposed some arenaceous black clays, earrying inter-
stratified narrow beds of purer sandstones, which dip about 1° to the
westward, and in their general habit closely resemble the Fort Benton
beds. From these clays were collected Ostrea congesta, and minute but
well-preserved fish-scales lying with their broader surfaces parallel with the
stratification.

On the west side of the river, the Colorado group extends well up on
the steeper slopes of the Medicine Bow Range, underlying the railroad as
far westward as Como Lake, but affording few characteristic outcrops.
Between Lookout and Miser Stations, beds of argillaceous sandstones are
well exposed, from which were collected specimens of the genus Inoceramus.
A short distance east of Miser, the railroad cuts through a heavy bed of-
brown sandstone, dipping slightly eastward, remarkable for its concretionary
structure. These concretions consist of coarse, reddish sandstone, firmly
held together by a ferruginous paste, which causes them to withstand
erosion much better than the sandstone in which they are embedded. They
occur of all sizes, from a few inches up to two feet in diameter, many of them

quite smooth and symmetrical, and having weathered out from the bluff lie

strewn over the surface of the plains. About one-half mile west from Miser

Station, the railway cuts through another ridge of hard gray sandstone, also
dipping east, in which were found large numbers of Colorado fossils, chiefly
of the genus Inoceramus, but associated with Ammonites and Saurian teeth,
the latter showing the enamel well preserved.

High up, along the gentle nearly uniform slopes of the Medicine Bow
Range, overlying the Colorado group, occurs a very considerable develop-
ment of Fox Hill beds. The junction between the two series is a very
difficult one to trace out, the upper beds of the Colorado group being
highly arenaceous, passing into the Fox Hill division of coarse, reddish-
yellow sandstone by almost imperceptible gradations; a lithological
difficulty enhanced by the absence of all marked physical boundaries,
and the very general accumulation of detrital material derived from the
elevated ridges of the range, which lies scattered over the slopes. The
TPox Hill beds, resting unconformably upon the Archzan rocks, extend
from IMill Creek, a branch of the Little Laramie River, to the northern



LARAMIE PLAINS. 85

end of the range, circling around the spurs of Rock Mountain. They con-
sist of coarse, friable sandstones, usually of a reddish-brown or yellow
color, with occasionai layers of harder brown beds; all of them lying
nearly horizontal, or with a gentle dip to the eastward. On the south
bank of Mill Creek, not far from the Archazan mass, and almost completely
swrrounded by Quaternary deposits, occurs a body of brownish-gray
sandstone, probably belonging to the Fox Hill group, which carries a layer
of rich carbonaceous shales, with thin seams of coal cropping out along
the exposed bluff; the shales exhibiting a thickness of 3 feet between the
sandstone layers. These sandstones were searched for organic remains,
but they only yielded a few imperfect impressions of deciduous leaves.
The strike of the sandstone is north 35° to 40° east, with a dip of north
55° to 60°.

Between Mill and Cooper Creeks, numerous small stream-beds cut
deeply into the sandstones, but offer no exposures of special interest.
Cooper Creek, a very considerable stream, which debouches through a
narrow cafion in the mountains, has worn out by erosion a broad valley in
the softer Cretaceous rocks, leaving high banks upon each side, composed
of coarse sandstones. The valley for several miles from the mountains is
remarkable for the large amount of coarse detrital material, which every-
where covers the surface; the large Archean boulders lying high up on the
benches and ridges. At its lower end, the valley cuts through the Colorado
beds, which, farther up the stream, are overlaid by the Fox Hill group.
This formation apparently extends up to the Archean ridges; at least, no
structural or paleontological evidence was obtained of any later formations,
all organic remains collected from a number of localities in the exposed
banks being forms decidedly characteristic of the Fox Hill divisions, prin-
cipally of the genus Inoceramus.

On the ridge, which forms the south side of Cooper Creek Valley, just
above the upper wagon-road, and but a short distance from the Archeean
foot-hills, was found a new species of the genus Awzinea, which Professor
Meek, in his report, has described under the specific name of

Azxinea Wyomingensis.
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Associated with it, occurs the well-known form, Inoceramus Berrabini,
which is also abundant in the long sandstone banks on the opposite side
of the valley, which dip only 2° to 3° castward.
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