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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNitED STATES GEOLOGICAL SURVEY,
Diviston oF HYDROGRAPHY,
Washington, D. C., July 21, 1903.

Str: I have the h0n01 to forward herewith a preliminary report on the Geol- ‘
ogy and Under ground Water Resources of the Central Great Plains Region, by
N. H. Darton, for publication as a professional paper.

Mr. Darton has ‘been engaged for sevepl, years in btudymg the geology of
the Great Plains region, and, although t}haigvestlgatlon is by no means- com-
pleted, it has been thought desirable to prepare some of the results for prelim-
inary publication. The endeavor has been made -to obtain all available information
regarding the deep wells that have been bored, and a sufficient knowledge of.
the geology has been obtained to enable us to interpret their results and the
bearing which’ they have on the prospects for further water supply in many
portions of the region.

In the geologic map that accompsies the report there is presented all that
is now known regarding the principal formations of the region, based on a large
number of observations by Mr. Darton and his assistants, supplemented, by data
already published in various ways.

Very respectfully,
F. H. NEwEgLL,
Hydrographer in Charge.
Hon. CaarrLes D. WaLcorr, N

Director United States Geological Survey.
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PRELIMINARY REPORT ON THE GEOLOGY AND UNDERGROUND
WATER RESOURCES OF THE CENTRAL GREAT PLAINS.

By N. H. Darton.

INTRODUCTION.

The area to which this report relates is shown in PL 1I. It comprises the
greater portions of South Dakota, Nebraska, and Kansas, and the eastern portions
of Colorado and of Wyoming, an'area of about one-half million square miles. It is
, the result of my investigations during the past eight years, but includes also all
available data from many sources. I have been aided by varions field assistants, those
deserving special mention being Messrs. C. A. Fisher, C. C. O’'Harra, J."E. Todd,
the late C. M. Hall, G. B. Richardson, W. S. Tangier Smith, E. H. Barbour, and
the late J. E. Macfarland. ‘

On account of its size, the region presents relatively diverse geologic condi-
tions, but comprises comparatively few formations, most of which are widespread.
The questign of water supply, both overground and underground, is one of great
interest to the people in this district, and although considerable progress has been
made in some sections in developing well waters, there are vast areas in which the
present supplies are'inade;quate, even for local domestic use. In order to understand
the relations of the underground waters it has been necessary to investigate the
geology, especially the structure and stratigraphy of the water-bearing and
associated formations. This part of the work has required a very large amount of
special field study, and the present results show that extended investigation will
be required before many important questions of geology can be fully understood.

GEOGRAPHY OF THE CENTRAT, GREAT PLATINS,

GENERAL FEATURES.

The Great Plains province is that part of the continental slope which extends
fromethe foot of the Rocky Mountains eastward to the valley of the Mississippi,
where it merges into the prairies on the north and the low plains adjoining the ‘Gulf |
coast and the Mississippi embayment on the south. ‘The plains present wide areas of

21
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tabular surfaces traversed by broad, shallow valleys of large rivers rising mainly in
the Rocky Mountains, and they are more or less deeply cut by the narrower valleys
of the lateral drainage. Smooth surfaces, such as are shown in Pl III, and
eastward-sloping rolling plains are the characteristic features, but in portions of
the province there are buttes, extended escarpments, and local areas of badlands.
Wide districts of sand hills surmount the plains in some localities, notably in north-
western Nebraska, where sand dunes occupy an area of several thousand square
miles., (See PL VL)

The province is developed on a great thickness of soft rocks, sands, clays,
and loams, in thin but extensive beds sloping gently eastward with the slope
of the plains. These deposits lie on relatively smooth surfaces of the older
rocks. The materials of the formations were derived mainly from the west, and
were deposited layer by layer, during earlier times in the sea, and later either
by streams on their flood plains or in lakes. Aside from a few local flexures,
the region has not been subjected to folding, but has been broadly uplifted and
depressed successively. The general smoothness of the region to-day was sur-
passed by the apparently almost complete planations of the surface during
earlier epochs. Owing to the great breadth of the plains and their relatively
gentle declivity, general erosion has progressed slowly, notwithstanding the
softness of the formations, and as at times of freshets many of the rivers bring
out of the mountains a larger load of sediment than they can’ carry to the
Mississippi their valleys are now being built up rather than deepened.

°

ALTITUDES AND SLOPES.

The Great Plains provincé as a whole descends to the east about 10 feet in each
mile from altitudes of about 6,000 feet at the foot of the Rocky Mountains to those
of about 1,000 feet near Mississippi River. The altitudes and rates of slope vary
considerably in different districts, particularly to the north, along the middle course
of Missouri River, where the general level has been greatly reduced. West of
Denver the central plains have an altitude of 6,200 feet at the foot of the Rocky
Mountains, and this elevation is sustained far to the north along the foot of the
Laramie Mountains. High altitudes are also attained in Pine Ridge, a great
escarpment which extends from near the north end of the Laramie Mountains
eastward through Wyoniing, across the northwest corner of Nebraska, and for many
miles into southern Sonth Dakota. Pine Ridge (see Pl. IV, B) marks the northern
margin of the higher levels of the Great Plains, and presents cliffs and steep slopes
descending a thousand feet into the drainage basin of Cheyenne River, one of the
most important branches of the Missouri. From this hasin northward there is a
successton of other basins with relatively low intervening divides, which do not attain
the high level of the Great Plains to the south. .
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The Rocky Mountains rise abruptly out of the plains in a front range which

F16. 1.—Topographic map of a typical portion of the great sand-hill area in western Deuel County, Nebr. Contour interval,
20 feet. From Browns Creek topographic sheet, U. 8. Geological Survey. Scale, 2 miles to the inch.

of the higher sunmits rising to much greater elevations. The Black Hills rise
gradually out of the plains in western South Dakota and eastern Wyoming and -
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present mountainous summits about 4,000 feet higher than the adjoining plains.
The Bighorn Mountains rise steeply and have about the same relative prominence
as the Rocky Mountain Front Range.

DRAINAGE.

The northern portion of the Great Plains, above described, is drained by the
middle branches of Missouri River, of which the larger members are the
Yellowstone, Powder,.‘ Little Missouri, Grand, Cannonhall, Owl, Cheyenne, Bad,
and White. On the summit of Pine Ridge, not far south of the escarpment, is
- Niobrara River, which rises in the plains some distance east of the north énd -
of the Laramie Mountains. To the south is the Platte with two large branches
heading far back in the Rocky Mountains, the Rio Grande. and the Arkansas,
the two last crossing the plains to the southeast and affording an outlet for the
drainage of a large watershed of mountains and plains. Between the Rio Grande
and the Al:kansﬁs are Cimarron River and numerous smaller streams heading
in the western portion of the plains. Between Arkansas and Platte rivers is the
Republican, rising near the one hundred and fifth meridian, and an extended systetﬁ

of local drainage in eastern Kansas and Nebraska.

GEOLOGY OF THE BLACK HILLS REGION.
GENERAL RELATIONS.

The Black Hills uplift is an irregular, dome-shaped anticline, embracing
in its more obvious features an oval area 125 miles in length and 60 miles in
breadth, with its longer dimension lying nearly northwest and southeast. It is
situated in a wide area of nearly horizontal beds underlying the great east-sloping
plains that extend from the Rocky Mountains to the Mississippi, and has brought
above the ‘general level of the plains an area of pre-Cambrian crystalline rocks
about which there is upturned a nearly complete segquence of the Paleozoic and
Mesozoic rocks from Cambrian to Laramie, all " dipping away from the central
nucleus. There are also extensive overlaps of the Tertiary deposits which underlie
much of the adjoining plains area. The region 1s one of exceptionally fine
exposures, which afford rare opportunity for a study of stratigraphic relations
and variations. Many of the rocks are hard, and the streams flowing out of the
central mountain area have cut canyons and gorges, in the walls of which the -
formations often are’ extensively exhibited. The structure presented locally on
the sides of the uplift is that of a monocline dipping toward the plains. The-
oldest sedimentary rocks constitute the escarpment facing the erystalline rock
area, -and each stratum passes beneath a younger one in regular succession
outward toward the margin of the vuplift. ‘Section 2, Pl. X, is a cross section
~ showing the general relations of the formations. The “sedimentary members consist

w o
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-of a series of thick sheets of sandstones, limestones, and shales, all of which
are essentially- conformable in succession, except the overlapping areas of the

Tertiary deposits, which extend across the edges of the older formations.

The

stratigraphy presents many features of similarity to the succession of rocks in

the Rocky Mountains of Colorado and of Wyoming, but it possesses numerous

distinctive local features. The principal stratigraphic features are shown in the
first column in Pl. XII. \

< STRATIGRAPHY.

o

The following is a list of the formations which are exhibited in the uplift, with
a generalized statement as to the thickness, characteristics, and age:

Generalized section in the Black Hills region.

cally conglomeratic, partly massive;
greenish-gray shale; and limestone
breccia. -

Age. Formation. Principal characters. Thickness.
Feet.
Laramie .. -ooo.oeceeanes Massive sandstone and shale....._._... 2,500
Fox Hills..oonmmeennnenn. Sandstone and shale .................. 250-500
Pierre gshale ............. Dark-gray shale ... .. ... .. .. .. 1, 200
Niobrara ... ........... Chalk and calcareous shale .. .......... 225 °
Benton group: .
Carlile formation..... Gray shales with thin sandstones, lime- 500-750
. -stones, and concretionary layers.
. Greenhorn limestone .| Impure slabby limestone - -............ 50
Cretaceons:........- Graneros shale..._... Dark shale with lenses of massive sand- 900
stone in its lower part at some places. -
Dakota sandstone .._..... Massive buff sandstone....._.......... 35-150
Fuson ... ... ... Very fine-grained sandstone and mass- 30-100
ive shales, white to purple. -
Minnewaste limestone .. .| Gray limestone .__...._... P I 0-30
Lakota ... .........._... Massive buff sandstone, with some in- 100-350
: tercalated shale.
Morrison «..oooiioiiioan Pale grayish-green ghale... ... ........ 0-150
Jurassic () eenooao-- Unkpapa sandstone ...... Massivé sandstone, white, purple, red, 0-250
~ buff. - .
Jurassic c...coaaoo-n Sundance................ Dark drab shales and buff sandstones; 60-400
: : . ; massive red sandstone at base._ '
Triassic (?) .aconnes Spearfish __._...__....... Red sandy shales with gypsum beds....|  350-600
Carboniferous |[{Minnekahta Yimestone....| Thin-bedded gray limestone ........_.. 30-50
(Permian). Opeche.. ... .. .. ..... Red slabby sandstone and sandy shale. . 90-130
Carboniferous | Minnelusa ............... Sandstones, mainly buff and red, in 450-750 |
(Pennsylvanian ?). greater part calcareous; some thin '
s . limestone included. R
-Carboniferous |(Pahasapa limestone ...... Massive gray limestone. .. _.._......_.. 250-700
(Mississippian). Englewood limestone. . ... Pink slabby limestone .__.._...._..._. 25-50
Ordovician ......... Whitewood limestone -...| Massive buff limestone ...._..._..._._. 0-80
Cambrian ...._..... Deadwood ...............| Red-brown quartzite and sandstone, lo- |’ 4-450
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CAMBRIAN.

Deadwood, formation.—This representative of the Cambrian appe.ars entirely to
encircle the Black Hills, but has been removed complétely from the central area.
Probably it did not originally cover the entire area of .crystalline rocks in this
region, a portion of these old rocks forming the. surface during the greater
part of Cambrian time and furnishing the material for the earlier sediments.
Its beds lie unconformably across the upturned edges of the schists and granites
on a relatively smooth surface with local shallow channels. The formation is
thick in the northern hills, attaining a thickness of over 400 feet in the Dead-
wood region (see Pl XIII, 4), but thinning gradually to the south and especially
to the southeast. In the region west of Fairburn exposures were found in which
the formation is represented by only 4 feet of coarse sandstone lying on pre-
Cambrian schists. On Rapid Creek its thickness averages about 200 feet.

The materials of the formation are always predominantly 'sandy and the ‘colors
dark reddish-brown or dirty buff. The basai member ordinarily is a hard
" massive reddish-brown quartzite with pebbly streaks. As the formation thickens
this member is seen to be overlain by t]ﬂinner»bedded softer sandstones, in some
cases interbedded with more- or less shale. Portions of the basal -beds of the
Deadwood formation are conglomeratic, ranging from those with a sprinkling of ‘
quartz pebbles in the sandstone to a very coarse heavy conglomerate of large
rounded masses of crystall_ine' rocks and vein quairtz in a red-brown matrix,
Outer’opsv of the Deadwood formation vary greatly in prominence, but their
_extent in general is small. For many miles they lie in the slope below the high
escarpments of the Pahasapa limestone, where the ledges are often deeply buried
under talus from the clifts above. This is particularly the case on the western
side of the uplift. On the eastern side, where the dip is steeper, the hard
quartzitic basal member gives ‘riée to knobs or long bare rocky slopes of
considerable prominence, one of which is shown in Pl XIV.. The many
canyons cutting back inte th&fve_sfern 'escarpment_ and those crossing the ridges
on " the eastern side of- the uplift often afford excellent exposures of the
formation. : . o ‘ . - ) o

In the region ahout Deédwood the formation comprises about 30 feet of basal
. conglomerate, overlain by 30 feet of sandstone, followed by 200 to 400 feet of

" ‘gray shales, with layers of flaggy li~mest_0ne, limestone conglomerate, and

sandstone. ~Near the top is a very characteristic member of hard massive"
sandstone 5 to 12 feet thick, overlain by .20 to 45 feet of green shales of
supposed Cambrian age. The limestone conglomerate consists of flat pebbles and
flakes of limestone more or less thickly sprinkled with glauconite grains, a- char-
acteristic feature of the Cambrian of the Northwest. The formation Yields
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‘middle Cﬁmbriah' fossils, mainly Obolus, Hon,z'ihes,' Dz’ce&lmnus, Asaphiscus,
Olenoides, Pbychoparia, and Acrotreta. :

ORDOVICIAN. .

Whatewood: limestone.—This formation is a conspicuous member in the northern
Black Hills, particularly about Deadwood, where it has a thickness of 80 feet and
outerops extensively in a number of canyons, & typical eprsurebeing in Whitewood
Canyon below Deadwood. It thins to the southeast and southwest and finally dis-
appears. The rock.is a massive tough limestone, of buff color with brownish spots -
or mottlings. It contains ~léu'ge‘E1wloce7-as, Maclureas, and corals of Ordovician age. -
In part of the area it is overlain by several feet of greenish__shaies which may.
possibly be of Devonian' age, though no fossils have yet been found in them.’

CARBONIFEROUS

In the Black Hills region the Calbomfelous rocks CO(an'Ibe several formatlous‘
appalentlx 1epresenmng continuous deposition throughout the period. The many
formations of Mississippian and Pennsylvanian age, which compose the Carbonif-
erous in the_central’ United States, are not differentiable in the Black Hills, unless
possibly in their broader faunal ‘relations. There appear o be five formations
separable—the thin Englewood limestone at the base, the massive gray Pahasapa
limestone next above, the thick mass of Minnelusa sandy beds, the Opeche red
beds, and the Minnekahta limestone, the latter, at least, of Permian age. The
Carboniferous lies directly on the Camblian‘ in the central and southern parts of -
the Black Hills, but to the unorth it is separated from the Cambrian by the
Whitewood limestone and overlying green shales described above. .

Englewood limestone.—This formation consists of a series of thin-bedded, pale,
pinkish-buft limestones, which appears to extend continuously around the Black Hills,
everywhere 1m1nedmtely underlying the Pahasapa limestone. It averages 25 to 50
feet in thickness and presentb frequent-outcrops in the lower slopes of the limestone
escarpment and in numerous canyons. It merges rapidly into the overlying lime- .
stone, occasionally with a few feet of impure bnff limestone intervening. Generally
it is sharply separated from the Deadwood formation or the Whitewood limestone,
but only by a sudden change in the nature of the materials. It is usually fossilif-
erous, containing numerous corals and occasional shells. The following forms have
been rveported: Fenestella, Orthothetes, Leptama, Spirifer, Chonetes logani, Retiou-
laria peculiaris, Syringothyris carters, and crinoids. It is correlated -with the
“ Choutean” or ““ Kinderhook ” of Mississippi Valley. '

Pa/labapa limestone.—This prominent member, formellv knowu as the * ‘gray
limestone,” has an extensive outcrop area in the Black Hills uplift, constltutlng much

o
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of the high, wide plateau west of the central region of crystalline rocks and being
characteristically exhibited in the great lines of cliffs in the escarpment surrounding
that region. It consists of a thick deposit of massive gray limestone, usually out-
cropping either in precipitous cliffs with many picturesque irregularities of form or
in wide, flat surfaces.

The most extensive exposures of the Pahasapa limestone are in the great plateau
west of Custer. Here the formation hegins in a line of high cliffs, surmounting
"slopes consisting of crystalline schists and of the relatively thin sheets of Englewood
. limestone and Deadwood sandstone. In Pennington County the plateau has a width
of 10 miles of continuous limestone outcrop, constituting the most elevated area in
the Black Hills, except the small summit of Harney Peak. To the west the lime-
stone passes beneath the sandstone of the Minnelusa formation, but it is exposed
again in the arch of the steep anticline near the Wyoming-South Dakota line. East ‘
of the crystalline-rock area the limestone stands out on many conspicuous knobs or
lies on the eastern slopes of ridges due to the Deadwood quartzite, but does not
attain the high altitude which it has farther west. The more rapid dip to the east
soon carries the formation bhelow the surface in that directjon, but it constitutes the
walls of many of the canyons of the streams from Beaver Creek northward, notably
in the deep canyon of Spearfish Creek. . .

The thickness of the Pahasaﬁa limestone in the central and southern Black Hills
varies from about 450 feet at the northwest to 225 feet at the east and southeast.
All along the southeastern side of the hills it remains at 225 feet, with slight local
variations; then increases to 300 feet near Rapid, 350 feet on Elk Creek, and from
400 to 500 feet in the Deadwood region. In Spearfish Canyon 700 feet is reported
by Jaggar. The formation does not present any noteworthy lithologic subdivisions,
but its upper part is often siliceous and flinty and stained red to a greater or less
extent from the overlying rod beds of the Minnelusa formatior. Fossils oceur
sparingly throughout the formation, including Spérifer centronatus, Semimida
subtrlita, Productus, and Zaphrentis, a fauna which indicates Mississippian (lower
Carboniferous) age. ) )

Minnelusa formation.—The Minnelusa formation is néxt to the Pahasapa lime-
stone in order of prominence among the Black Hills formations, extending around
the uplift in a broad zone of conspicuous outcrops. It varies in components,
but consists mainly of thick masses of bhuff and reddish sandstones, which are
striking features in the walls of the many canyons by which the formation is trav-
ersed. The sandstones are mostly fine grained, massively bedded, and in their
‘unweathered condition contain a considerable proportion of carbonate of lime. Thin .
sheets of limestone occur in places, and, less frequently, sandy shales of red or gray
color.” Some layers are cherty. Although the formation probuably was deposited at

©
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A. TYPICAL VIEW ON THE HIGH PLAINS OF WESTERN KANSAS

Level floor of Ogalalla formation. Photograph by G. K. Gilbert

B. TYPICAL VIEW OF THE GREAT PLAINS WEST OF PIERRE, S. DAK.

The great brown prairie of Pierre shale, one of the finest grazing regions in the world. Photograph by E. H. Barbour.



U. &, GEOLOGICAL SURVEY PROFESSIONAL PAPER NO. 32 PL. WV

A TYPICAL VIEW ON THE GREAT PLAINS, NORTH OF CHEYENNE, WYO.

Buttes of Arikaree formation in distance. Looking southeast. Photograph by W. H. Jackson,

B, PINE RIDGE ESCARPMENT AT THE NEBRASKA-WYOMING STATE LINE,

high cliffs of Arikaree sandstone; lowlands of Brule clay. Looking west,
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B

SAND HILLS OF WESTERN NEBRASKA.

A Leeward side of dunes. Looking west. B. Windward side of dunes, with blow-outs. Looking southeast.
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the same tlme as the Coal V[easul es, which contain extensive beds of ‘coal in Mississippi
Valley, it is barren of coal in the Black Hills, except in the occasional occurrence of
very thin' beds of impure coal in gray shales. The formation is thickest on the
western side, where it is fully 600 feet thick. It thins gradually to the south and
east, being about 420 feet thick west of Hot Springs, and less than 400 feet thick on
Spring Creek. ,

‘ Although the Minnelusa formation has wide areas of exposure, it does not give
rise to very marked topographic features, generally occupying elevated slopes sur-
mounted by low hills and ridges due to its harder layers. Its inner houndary is
usually not marked by an escarpment such as is seen af the inner margin of the
Pahasapa limestone, and there is no noticeable topographic break in passing from
one formation to the other. ~ On slopes of the two formations the soil becomes sandy
on the Minnelusa beds. In the many canyons which are cut through that for-
mation the Pahasapa -limestone is usually exposed beneath it without presenting
any change of features except in color. The lower members of the Minnelusa
formation are generally buff slabby sandstones, often having a thickness of 100
feet,.and a thin bed of red shale.

Breccias, which occur in the middle beds, are a distinctive feature throughout the
southern Black Hills... The brecciated material is usually somewhat more calecareous
than the matrix, but it is all of local origin. In the region west of Hermosa and
thence northward the Minnelusa heds consist of a thick mass of coffee-colored sand-
stone at the top, reddish-buff sandstone with some thin interbedded limestone layers
next below, and a basal mmember of gray sandstone.- On the western side of the
Black Hills the formation consists of the members given in the record of the boring
at Cambria (p. 371).. In its outcrops there are exhibited a top series of light-
colored massive sandstones, a thick medial member of red and buff sandstones, and
a basal member of gray calcareous sandstone with reddish shale partings and consid-
erable chert. At its base there is usually a red shaly bed of slight thickness,
containing oval concretions of hard silica from 6 inches to 2 feet in diameter. The
total thickuess is about 600 feet. - A chemical examination of the borings from the
Cambria well shows that nearly all the rocks contain considerable carbonate of lime
underground, but in the outcrops the lime has been mostly leached out and
porous sandstones remain. ' ) '

. The age of the formation has not been satisfactorily asee1ta1ned for iOSallS are
rare. - A few impressions found in the. upper beds wesb of Hot Springs appeared to
be Productus semirecticulatus and Athyris subtilita, which indicate upper Carbonif-
erous (Pennsylvanian) age for these beds. Mississippian Leperditia have been
found in the concretions in the red shale at the base of the formation. If the
-formation represents the Hartville formation of the Hartville region, as it probably
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does, its lower portion is Mississippian and its upper beds Pennsylvanian in age.
There is some suggestion also that its lower beds represent the upper portion of
‘the Guernsey formation of the Hartville region, which would indicate a still lower
extension into the Mississippian. '

Opeche formation.—This series of red beds, lying, between the Minnelusa
formation and the Minnekahta limestone, extends continuously around the Black
Hills." Its exposures are almost always confined to the slopes below the escarpments
of Minnekahta limestone. Its thickness averages slightly less than 100 feet. The
materials are soft red sandstone, mainly thin bedded and containing variable
amounts of. clay admixture. At the top of the formation, for the first few feet
below the Minnekahta limestone, there are shales which are invariably of deep
purple color, The basal heds of the formation are usually red sandstones, the
beds varying in thickness from 4 to 15 inches. A few thin local beds of gypsum
are sometimes observed in the formation, attaining in Gillette Canyon a th1ckness :
of several inches.

On Spring Creek, Battle Creek and F rench Cleek the formatlon averages about .
" 100 feet in thickness; in Beaver Canyon it attains its maximum thickness of 150 feet;
on Cold Brook, 4 miles northwest of Hot Springs, its thickness is 115 feet, with
purple clay at the top, 50 feet of red sandy clay below, and 60 feet of red sandstone
at the bottom in beds 1 to 4 feet thick, with red clay partings; farther down Cold
Brook, at a point 14 miles from Hot Springs, a thickness of 135 feet is exhibited.
Along the southwest side of the Black Hills the thickness averages from 90 to 100
feet, and on the northern slopes is about 75. feet. In the well at Cambria the
following section was obtained: ' ’

Section at Cambria, Wyo.

- Feet
Purplish shales . ... ... ..o..ocoai.o [ . eeens 4
Dark-purple shales............. s [ 4
Red clay (sandy) ...oocvveoaaiaaa. et eeeeeaceeranaan ... 62
Dark red-brown sandstone.._._.................;: ........................... 2%
nght-red sandy shale lying on a light-pinkish sandstone at a depth of 1,096 feet,
which is supposed to be the top of the Minnelusa formation...... e 13
TOtalo e ee e ieeeei e eaenn. L 74

. The age of the formation has not been’ definitely determined, for so far it has
yielded-no fossils. From the facts that the overlying Minnekahta limestone 'isfbf'
Permo-Carboniferous age and that the deposition of gypsiferous red beds in other
regions began in Permo-Carboniferous time, the formation is provisionally assigned
to that division. - ‘ '

Minnekahia limestone.—This formation, long known as the * pulple hmestone ”
_is a prominent member in the Black Hills region. Though thin, averaging less than

[
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50 feet in thickness, it is hard and flexible and covers moderately extensive areas on
the outer slopes of the Minnelusa formation. The prominence of the Mirnekahta
limestone outcrops is due largely to the fact that the overlying formation is soft, red
shale, which has been deeply eroded, leaving the underlying limestone bare on slopes
_up which the red shale originally extended. The underlying formation, the Opeche,
also being soft, the limestone nearly everywhere presents an escarpment, and the

. many canyons which are cut through it have vertical walls of the limestone. (See
" Pls. XV and XVI.) :

The formation is uniform in character throughout, being a thin-bedded light- - -

colored limestone containing magnesia and more or. less clay. Its thin bedding is a
characteristic feature, although the thin layers are so cemented together that the
outcropping ledges present a massive appearance. On weathering, however, it breaks
into slabs usually 2 to 3 inches in thickness. On the western side of the Black Hills,
notably in the region from east of Clifton northward, its coloring is slightly darker,
varying from dove color to lead gray, and some of its ‘beds present a seminodular
structure. An increased admixture of clay is also observed in some layers. The
general appearance of the formation is always slightly pinkish, with a tinge of
purple, from which the term *‘purple limestone™ originated. The Minnekahta
limestone occasionally -contains fossils which are believed to be Permian forms.

TRIASSIC (%), ‘

Spearfish formation.—The Spearfish formation is the conspicuous series of

gypsiferous red beds encircling the Black Hills and in most places giving rise to .
the wide Red Valley, which, in the northern Black Hills, the Indians have designated
the ‘‘ race course.” Red Valley is treelebs, and usually presents wide areas of bare .

red slopes and red buttes, with frequent outcrops of gypsum. .-

The formation consists of from 350 to 695 feet of red sandy clays, with inter-
calated beds of gypsum sometimes 30 feet thick. The bright red of the shales and
the snowy whiteness of the gypsum are striking features; in PL. X VII an attempt
has been made to show the red color of these shales.

Were it not for the beds of gypsum the formation would present no noticeable
features of stratigraphy. The sedimentary material is almost entirely a red shale
containing varying amounts of sand admixture, and is generally thin-bedded. The
gypsum occurs in beds at various horizons, some of the larger beds extending con-
" tinuously over wide areas. There is also throughout the formatlon niore or less
gypsum of secondary deposition in very small veins.

. The continuity of the outcrops of the red beds is considerably broken in the
region west of Fairburn and Hermosa by overlaps of the Tertiary formations,
which in some cases completely fill Red Valley. The width of the outcrop varies
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from 1 to 3 miles, attaining its maximum in the region west of Buffalo Gap and in
the broad belt extending from east of Minnekahta station nearlv to the north end of
Elk Mountain. Owing to the local steep dip of the for mation, the outerop is very
narrow for 5 miles north from Cascade Springs and in a portion of the valley of
Stockade Beaver Creek east of Newcastle, The Belle Fourche cuts into the forma-
tion for some distance above and below the Devils Tower. .

The thickness of the .Spearfish formation can seldom be determined with any
degree of accuracy, owing to the softness of its materials and the frequent varia-
tions in its dip. Along the east side of the Black Hills it appears to have a thickness
of between 350 and 400 feet, so far as can be estimated from very indefinite dip
observations. In this region the principal bed of gypsum occurs considerably below
the center of the formation. West of Hermosa this gypsum bed has a thickness of
about 15 feet, but southward, in the region west of Fairburn, it thins out and may
at some points be absent. West of Buffalo Gap the gypsum deposits increase in
thickness and attain their maximum prominence at Hot Springs, where the prin-
cipal beds have a thlckness of 33} feet, with a 10- foot parting of ved shale between
them. In the wide part of Red Valley, extending south from Hot Sprmgq to Sheps
Canyon, gypsum beds are a conspicuous feature, but they gradually 'diminish in
thickness in- that direction. :

At Cascade Springs and thence north on the west side of the anticline the dips
are very steep and the outcrop of the Spearfish formation becomes so narrow that
Red Valley is only a few rods in width from the springs north nearly to the railroad.

-, Here a relatively accurate measurement of the beds was made from the steep slopes

of the Minnekahta limestone to the basal sandstone beds of the Sundance formation.

. At the base of the Spearfish there are 150 feet of red sandy shales, then a bed of

gypsum, in places 20 feet in thickness, overlain by 250 feet of red sandy shales with
a few thin layers of gypsam, the formation here having a total thickness of 420
feet. Just west of Fanny Peak a measurement was made showing 450 feet, or pos-
sibly slightly more, of red sandy shales, including two thick beds of gypsum near the
middle. Northeast of Cambria there are exhibited 25 feet of gypsum at the top
of the formation, several thick beds in its center, and a local thin bed of gypsum
lying directly on the Minnekahta limestone at its base. In the boring at Cambria
the Spearfish red beds were plainly recognized, having a thickness of 492 feet,
with the members described on page 371 In the deep well at Fort Meade the
formation is 695 feet thick.

_Throughout the Black Hills the formation is dlstlnctly separated from the
underlying Minnekahta limestone and the overlvmg shales and red sandstone of
the Sundance formation.
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MORTAR-BED TOPOGRAPHY AT MARGIN OF THE HIGH PLAINS IN CENTRAL KANSAS,

Photographs by C. Willard Johnson.
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Tt has been regarded as Triassic in age, because it lies unconformably beneath
marine Jurassic deposits and is underlain by the Minnekahta limestone, which is
known to be of Permo-Carboniferous age. " No fossils have vet been discovered in
the formation except a small fragment of a fish, which' was not sufficiently distinct
for determination. It is possible that at least the lower portion of the formation is
Permo-Carboniferous, but there is no evidence on this point one way or the other.

JURASSIC.

vSundmwe Jormation.—This member of the Jurassic extends continuously
around the Black Hills uplift and throughout its course presents characteristics by
which it can easﬂv be recognized. It outerops mfunly along the outer side of Red
Valley, on the lower inner slopes of Hogback Range, and in Belle Fourche Valley.
It carries abundant marine fossils throughout. The formation comprises about 350
feet of shales and sandstones, in a series which varies but little in sequence in
different portions of the region. The shales are mainly dark green and the
sandstones pale buff, but there is an intermediate member of sandy shales and sand-
stones of reddish color and often a local basal inember of massive red sandstone.
The shales usually include thin layers of limestone, which are always highly fossil-
iferous. Fossils also occur in the sandstone. Molluscan fossils predominate,
together with Pentacrinites asteriscus and bone fragments.

Certain members of the formation are of general occurrence, while others are
less persistent.. The usual succession is 60 feet of lower dark shale, 30 feet of
.massive, buff, ripple-marked sandstone next above, a reddish, sandy shale above
this, and at the top about 200 feet of green shale with thin fossiliferous lime-
stone layers. At the base of the formation there is often a massive red or buff
sandstone occurring in -extended lenses and frequently attaining a thickness of 253
feet. Some characteristic features of the formation are shown in Pls. XVII,
XVII, 4, and XIX, B.

Unkpapa sandstone.—This formation takes its name from one of the tribes of
Dalota Indians which at one time dwelt about the southeastern portion of the Black
Hills. Tt is always clearly separable both from the Sundance shales helow and the
Morrison shales or the Lakota_sandstone above. It consists of a very massive fine-.
graihed sandstone, varying in color from white to purple and buff. Its greatest devel-
opment is in the foothill ridges or hogbacks east of Hot Springs. Its first outcrops
southward are observed about Cascade Springs, and it extends continu;)usly from
that region, past Hot Springs, all along the eastern side of the Black Hills to the
Belle Fourche. . North of Buffalo Gap its thickness diminishes rapidly to less than
50 feet in most places but north of Rapld it increases locally to 150 feet. . It is
thickest in Sheps Canyon, southeast of Hot Springs, where 225 feet were measured.

10001—No. 32—05——3



34 GEOLOGY AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS, °

Some of the exposures east of Hot Springs are very str 1k1n0* in their coloungs
of brilliant pink, purple, and pure white. In three of the canyons between Fall
River and Buffalo Gap the rock has been quarried to some extent for building stone.
Portions of the rock are beantifully banded with various colors, in part along the
stratification planes, but often diagonal to them. In the quarry west of Buffalo Gap
these banded beds exhibit minute faulting in a most instructive manner, atfording
fine illustrations of block-fault phenomena. The sandstone is characterized in
_general by its fine grain and very massive biit uniform texture. (See Pl. XIX.)
Contacts with the overlying buff sandstones of the Lakota formation are frequently
exposed, and they are seen to be marked by considerable uncont01mlt\ due to
erosion. One of them is shown in PL XIX, A. '

<
CRETACEQUS.

Morrison shale.—This formation has been designated the Atlantosaurus beds by
Marsh and others, and for 4 while it was known as the Beulah shale. It appears
northwest of Hermosa, lying between the Unkpapa sandstone and the Lakota forma- -
tion, thickens rapidly to an average of about 150 feet, and passes around the northern
and western sides of the Black Hills as a prowminent member of the series. Beyond
the edge of the Unkpapa sandstone it lies conformably upon the Sundance formation,
and, owing to the similarity of materials, might not be readily separated if the rela-
tions had not been determined on the eastern side of the uplift. It finally thins out
northeast of Edgemont. The formation is mainly composed of a ‘‘joint clay” or
massive shale, somewhat- darker and more fissile to the east than to the north and
west. The predominating color is a very pale greenish gray merging into chocolate
and maroon. Thin beds of fine-grained, white or light-gray sandstone and some thin
local layers of impure limestone are’ ii)cluded. A few fresh-water shells were
observed, and there is an almost general occurrence of saurian bones, believed
to be of Cretaceous age, although some paleontologists regard them as latest

Jurassiec. ' .
Lakota sandstone.—This formation, which consists mainly of sandstone, gives
rise’ to the crest and upper -slopes of the hoghack ranges that form the outer
encircling ‘rim of the Black Hills. Its sandstolies are hard, coarse grained,
cross-hedded, and massive, with partings of shale of no great thickness. Locally
the formation includes heds of .coal, which about Cambria and on Hay Creek are-
mined to some extent. In the central and southern Black Hills its thickness is
_usually from 200 to 300 feet, with local variations; to the north it averages about
100 feet thick. Throughout its course it lies unconformably ‘on the Morrison
shale to the north and west and on -the Unkpapa sandstone to the east and south.
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A. CHEYENNE RIVER AT MOUTH OF LANCE CREEK, WYOMING.

A typicat stream of the arid regions, nearly dry in midsummer. View upstream.

B NORTH PLATTE RIVER AT THE NEBRASKA-WYOMING STATE LINE,

View showing shrunken midsummer condition. Looking east.
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The amount ot unconformity is not known, and the period of uplift it repl'esen'ts
was not one of flexing of sufficient amount to give rise to any material discordance
in dip. A typical exposure of the unconformity is represented in Pl. XIX, A.

Although the Lakota formation presents the predominant features above
described, there are frequent local variations in the thickness of the beds and in °
the occurrence of intercalated fine-grained members. In the canyon of Fall
River the formation has a thickness varying from 225 to 250 feet. (See Pl. XX.)
The beds of sandstone are very massive, but they are separated by greenish-gray
shales 15 to 20 feet thick at several horizons. The uppelmObt member, a dull-
vellow sandstone, is immediately ove1la1n by the Minnewaste hmebt%ne in the
. region east of Hot Springs. Some conglomeratic layers occur, especull; in the
lower members. .

Excepting petrified wood, which is abundant, fossils are rarely found in the
Lakota formation. A few bones of a stegosaur were obtained near Buffalo Gap,
and occasional bone fragnients were observed at various localities. Plants of
lower Cretaceous age occur east of Hot Springs and in the Hay Creek region,
and pine necdles are abundant in some of the ¢oaly layers. Cycads are found in
pla::es, notably in the slopes southwest of Minnekahta and near Blackhawk, and
recently Professor O’Harra has observed one northwest of Aladdin. This geolo-
gist also discovered the ~following fossils 3 miles north of Piedmont, which were
determined by ‘Dr. T. W. Stanton: An isopod crustacean, probably of tamily
Xgide; an Estheria; a scale of a gar (Ze_pzdosteua) and a crocodile tooth—
all fresh-water forms. ' '

Minnewaste limestoné.—This formation overlies the Lakoth sandstone from
the vicinity of Cascade Springs northward to Buffalo Gap. For the greater part
of its course it has a thickness of only 25 ‘feet, but is conspicuous on the hogback
ranges east of Hot Springs, extending far up the slopes on Some of the higher
divides. One of the most extensive exposures is at the falls of Cheyenne River.
; These falls are due to this formation, the water falling over a ledge of it about
20 feet high. Widespread outcrops may be seen in the anticline 2 miles east of
Hot Springs, where, with a steep dip to the west, they appear ‘on the western
slope of the anticlinal ridge.

The rock is a nearly pure light-gray limestone, presenting a uniform chamctel
throughout. An extended search has failed to detect any fossils in it, but it is
of lower Cretaceous age, since it lies helow the Fuson formation. It thins out
rapidly north of Buffalo Gap and appears to be entirely dbsent in the canyon of
Fuson Creek. It is thin at Cascade Springs and disappears a short distance to
the west. '
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Fuson _formation.—This is a series of fine-grained. deposits lying between the
Dakota and the Lakota sandstones and encircling the Black Hills. Tts thickness
averages about 50 feet, but varies considerably and is greatest in the northern hills.
Tts material consists of a mixture of clay and fine sand, usually massively bedded.
Some beds of coarser sandstone are locally included, and other pertions are nearly
pure shale. The predominant color is white or gray, but buff, purple, and maroon
tints are often conspicuous. ) ’

As the formation is relatively .soft compared with adjoining sandstones, it
usually gives rise to a depression hetween a low crest of Dakota sandstone on the
one hand and the higher summits of the Lakota sandstone on the other. One of

" the most extensive exposures is at the falls of Cheyenne River, where the section

is as-follows:

Section at falls of Cheyem;e River, South Dakota. )
Dakota sandstone. : Feet.
Dark sandy SR -« o s
Soft, gray, slabby sandstone; plants ....__._..._.._... e !
Compact white mudstone. .. ... .. i eieeeeciaaaan

Dark-green clay ...,

[

Dark-gray compact mudstone

j Sv]

Very compact white mudstone

Gray mudstone . . ...l e ceeeaaanans

Harder white mudstone
Purplish shale

‘White fine-grained sandstone 5 to

=

Purple shale . e 6 to

uimwn—l:oco”soonp—lmc:.u.
. fiond

Light-buff massive sandstone

to

[ &)
a5t

Dark-buff coarser sandstone, much honeycombed by weathering . _.._...._.
Minnewaste limestone. : : s

()utcrop:% of the formation are considerably obscured by talus along the canyon
of Fall River, but there are extensive exposures in the vicinity, notably in the

canyon on the steep side of the anticline 2 miles due east of Hot Springs, where-.
much of the material is bright purple and strongly resembles a shale that has |

been subjected to alteration by igneous matter. Fuson Canyon affords some
striking exposures of a portion of the formation in cliffs capped by Dakota
sandstone. The uppermost bed is a moderately hard sandstone underlain in
sequence by 10 feet of purplish-gray shales, 10 feet of white mudstone, and 20

feet of bright-purple shale. On Dry Creek the formation s represented by 50-

feet of white massive shale. On Squaw Creek the Lakota sandstone is overlain
by-about 50 feet of buff and purple shale, grading upward to the Dakota sand-
stone through several feet-of shale and thin sandstone. Northwest of Hermosa
shales of bright color prevail, much of the material being purple. Near Rapid it

“»
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is 100 feet thick, and near Sturgis 65 feet. On the southern and western sides
of the hills the formation is oftefg mixed with considerable sand and sandstone,
and north of Elk Mountain for some distance it becomes thinner and sometimes so
sandy that it is difficult to distinguish it from the Dakofa sandstone. In the
northern hills its thickness varies from 60 to over 100 feet, but it is often covered
by talus from the sandstone cliffs ‘abbve. In the Hay Creek region it has yielded
large numbers of fossil plants of lower Cretaceous age, described by L. F. Ward«
as occurring in the upper part of *Division No. 2.” )

- Dakota sandstone.—This formation is the uppermost member of the series
. formerly designated “ Dakota sandstone” in the Black Hills region. Being rarely
* over 100 feet thick, it constitutes only a small part of the mass of “the hogback
range, but is, nevertheless, conspicuous, because the foothills to which it usually
gives rise ascend steeply out of the adjoining valley or level plain underlain by’ the -
Graneros shales. It generally comsists of a brown sandstone, hard.and massive
below, but thinner bedded above. It appears to extend continuously around the
Black Hills. The fossil plants which have been obtained from it are impressions
of dmot; ledonous leaves oceurring in the upper portion of the formation.

" Some aspects of the Dakota sandstone are shown in Pls. XX and XXI, in
which the more massive variety of the rock is shown in the chﬁs at the top.

Benton group.—The Graneros.shale, which is the lowest member of the Benton
group, extends entirely around the Black Hills uplift, with a course marked by
lowlarids and valleys. It is believed to be the precise equivalent of the Graneros
shale of southeast Colorado, for it lies between the Dakota sandstone and the very
characteristic Greenhorn limestone which in both regions is filled with impressions
of Inoceramus labiatus. .

In some areas the formation containg, toward its base, a thin layer of hard sand-
stone, which often rises in a ridge of considerable prominence. It occurs locally,
but apparently always at the same horizon, a short distance béneath a typical series
of hard shales and thin-bedded sandstones, which weathers to a light-gray color and
contains large numbers of fish scales. The sandstone member is a noticeable feature
in the vicinity of Newcastle, where it contains petroleum and has been explored

“as an oil sand.” It there attains a thickness of 30 feet and lies 205 feet above the

Dakota sandstone. To the north, in the vicinity of Pedro, it thins to less than a
foot, and to the south near Clifton, it disappears. In the Newcastle region it is
overlain by 800 feet of black shales, constituting the remainder of the formation,
which here, consequently, has a total thickness of 1,085 feet.

The Graneros formation thins toward Edgemont and thence for many miles to

.the northeast its thickness is about 900 feet, so far as could be ascertained from

aNineteenth Ann. Rept. U. 8. Geol. Survey, pt. 2, 1899, pp. 521-946
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‘numerous cross-section measurements, with rather uncertain dip determinations.
West of Hermosa a sandstone again comes in ab§ut 200 feet above the base of the
formation and attains a thickness of 15 feet; it is traceable for 4 to 5 miles, and
then thins out agdain. At a point 2 miles north of Hermosa it contains abundant
1mple<510ns of tossil leaves. This sandstone again appears on the Belle Fourche
north of Aladdin and on the Little Missouri west of the Devils Tower.

One of the most prominent features in the plains immediately adjoining the
Black Hills is a low but distinct escarpment due to a hard limestone bed in the
middle of the Benton group. It usually lies from 1 to 4 miles distant from the hog-
back ridge of the Dakota sandstone and plebents its face toward the hills. It is
thin, but persistent, and is characterized by lalge numbers of impressions of Jnocera-
mas labiatus, a fossil of infrequent occurrence in the adjoining formations. It is
‘believed to represent the Greenhorn limestone of Arkansas Valley.

The Greenhorn limestone contains a considerable amount of clay and fine sand.
It appears to gain hardness .on weathering, breaking into hard, thin, pale-butt
slabs covered with impressions of the distinctive fossil. " (See Pl XXIV.) Its
thickness av erages about 50 feet. At its base it is usually dlstmctly sepatated fr "om
the dark shales of the Giraneros formation, as shown in Pl XXII, and in its uppe1
. portion appears to grade into shales of the Carlile formation through 6 or 8 feet .
of passage beds. '

The most extensive exposures of the Greenhorn limestone are in the promi-
nent escarpments -west and northwest of Kdgemont, which rise high above the
slopes extending along either side of Cheyenne River, as shown in PlL. XXIII, 2.
Owing to the low dip in this vicinity the limestone is spread out in plateaus
_extending back for some distance from the edge of the escarpment. In Weston
County," Wyo., where the dip soon increases in amount, the escarpment ceases,
giving place to a small but very persistent ridge of nearly vertical beds, which
continues for many miles to the north. (See Pl. XXIII, 4.) In the ridge south
of Newecastle there is a local diminution of dip in which the outcrop widens
- into a narrow sloping plateau for a few miles. In the region about Fairburn
the formation is traversed by a syncline which spreads it out into a hifurcated
ridge south of the town. On the ad]omlng divides, notably in those between
French Creek and Battle Creek, and hetween Battle Creek and Spring Creek,
the formation is buried beneath the overlapping White River deposits. It is
well exposed in the banks of Battle Creek, 14 miles below Hermosa, where, in its -
only slightly weathered condition in the fresh stream cut, it is seen to be a hard,
calcareous, light-gray .shale filled with Ziocerami. In the northern ‘Black Hills
it is a lesy conspicuous feature, but is distinctly traceable throughout.
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SCOTTS BLUFF FROM THE NORTH SIDE OF NORTH PLATTE RIVER.

View showing terrace at foot of bluffs, into which the badlands are cut, and the broad river bottom; Dome Rock on tne left. Arikaree and Gering formations on Brule clay. A typical butte
of Tertiary formations.
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The-Carlile formation, which is the uppermost member of the Benton group, is

a series of shales, with thin sandstone and impure limestone layers, lying between

the Greenhorn limestone and the Niobrara chalk. Tt is similar in character and
relations to the deposits occupying ‘ghe- same position in southeastern Colorado.
The formation consists mainly of shales, with two thin, hard beds of sandstone,
the upper one calcareous; at the top the shales contain numerous oval concretions,

" always yielding occasional Prionotropis prionocyclas. The thickness varies from 500

to slightly over 700 feet, the larger amount being in the region about Newcastle.
Some typical sections are as follows: )

, Section of Carlile formation near Buffalo Gap, S. Dak.
. : Feet

Niobrara chalk. .
Shales, with large buff concretions ............ .l oo ] e 150
Hard slabbysandstone.,.......,,.....,,........,...,.,,.L .................. 2
Gray shale ... .. el e 130 ’
Thin, coarse sandstone ......._ . . ... ... e 4

- Gray shale - ... .l 75
Concretions in gray shale. ... .. L i 2
Gray shale ... ...l 10
Caleareous beds with Ostrea, ete. .. ... ... ... .. ... R 4
Shale and talus ......... ... . . ... [ 180
Greenhorn limestone. ‘ -

Section of Carlile formation, 1% miles southeast of the falls of Cheyenne River, South Dakota.

i ’ Feet.
Niobrara chalk.
Gray shale, withlarge buff coneretions.. .. .. ... .. ... ..o .. .. .. .. 50
Grayshale. ... ..oeo i ceeteeaaaea e 70
Light-gray sandstone..... ... .. .. ... .. e et eeiaaaaaaoan 4
Dark-gray shale, with thin.sandy layers. 1. ... ... ... . ... ... ... ... ... 160
SANASEONE . o e 2
Grayshales.._ . ... ... .. ... ...l R 11
Greenhorn limestone,

Section of Carlile formation, 3 miles west of Newcastle, Wyo.
) g ' Feet.

Niobrara chalk.
Dark shales, with light-colored concretions ...... ... . .. iiiiiiii... 130
Darkshales.....cccoeemiioa ool e 200
Calcareous eoneretions - ... ... .ot 3
Sandy shales, with thin sandstones .. ... ... ... ..o 170
Brownsandstone. - ..o el 4
Darkshales. .. .o ini i et F T T P 200

Greenhorn limestone.
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Section of Carlile formation north of Pedro, S. Dak. :
: Feet, -

Niobrara chalk.
Drab shales, with numnerous concretlonq near top ...... . [ 550
~ Thin-bedded sandstone ................. LT e S 5
Shale .o e e 30
. Sa;nd'qtone drab below, reddish above...... e e e e e 30
© Dark shale. ..oooooooe el S ... B0
. Thin-bedded light-brown sandstone_..._. el i 35
Gray shales ... . .o ceieone i e S e S --. 90

Greenhorn limestone.

‘The thickening of the sandstones in thls last section is due mainly to. inter-
calations of sandy shales. ,

Niobrara formation.—The calcareous deposm ‘of the Nlobrara formation com-
pletely encircle the Black Hills, presenting distinctive features throughout,  but
to a less degree to the north and northeast than to the . south. The material is
a’ soft shaly limestone or impure chalk containing greatel or less admixture of
clay and fine sand. In unweatbered exposures it is usually haht gray, while its
weathered outcrops have a bright-yellow color which usually renders them con-
spicuous, although, owing to the softness of the materials, they rarely give rise to
noticeable ridges. The thickness of the formation is about 225 feet in the cen-
tral and southern Black Hills'and about 100 feet on the northern slopes. “Thin
layers of hard limestone are often included, consisting of an aggregation of shells
of Ostrea congesta, a fossil distinctive of the formation when it occurs in this -
manner (see Pl. XXIV). :

LPierre shale.—Many thousand square miles of the countly ad]ommg the Black
Hills are occupied by Pierre shale. It is a thick mass .of dark-colored shale,
weathering light brown, and is relatively uniform in composition throughout. It
gives rise to a dreary monotony of low rounded® hills, sparsely covered with
grass and not very useful for agriculture. The thickness of the formation is-
about 1,200 feet, so far as can be ascertained, but it is only rarely that it can be -
measured. - Where it dips gently away from the hills it is almost impossible to
measure the rate of the dip of the shale. Fortunately it has been found that the
foimation includes, at a horizon about 1,000. feet above its base, scattered lenses
of limestone usually containing numerous shells of Zucina oocidentalis. The greater
number of these lenses occur at the definite horizon just mentioned, and, in some
‘ places where they occupy the surface over a wide area, they throw light on the
attitude of the formation. It is from evidence of this sort that we have made '
some of the determinations of structure which afford an important part of the

data for ascertaining the depth of the Dakota sandstone in the region qa]ommg
the Black Hills. '
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The limestone concretions with Zucina vary in,size from 2 or 3 cubic feet to
masses 20. feet in diameter and 6 or § feet thick, hamlly of irregular lens shape.
Owing to their hardness these lenses, when uncovered by evosion, give rise to
low conical buttes resembling in form very squat tepees, and accordingly have
been designated ** tépee buttes,” a term used for similar occurrences in the Pierre
shale of southeastern Colorado. They occur in large numbers in the, vicinity of
Oeclrichs and west and éputliwest of Newecastle, varying in height from 10 to 150
feet above the surrounding slopes. Horizontally the lenses occur at irregular inter-
vals, so that the buttes are scattered very erratically and are sometimes sepa-
rated by many miles. Their occurrence in some of the steeply tilted s’gctioris
in Converse and Weston counties, particularly near Oldwoman Creek, has afforded
opportunity for determining the distance of the horizon above the base of the
Pierre shales. )

" Numerous concretions occur in the Pierre shales at various horizons and
ubually contain lalge numbers of very distinctive fossils, of which the more
abundant are the following: Baculites compressus, Inoceramus sagensis, Nawtilus
dekayi, Placenticeras placenta, Heteroceras nebmscenszs and an occasional ZLucina
occidentalis. The most fossiliferous horizon is in the upper part of the forma-
tion. The concretions are generally of small size, of_é calcareous natﬁre, and
break into small pyramidal fragments, which are scattered more or less thickly
all over the Pierre surfaces. -

At the base of the formation overlying the Niobrara chalk there is always a

very distinctive series of black, splintery, fissile shales, containing three beds of
concretions. These shales have been included in the Pierre, although they have
not yet been found to contain distinctive fossils. They are about 150 feet thick in
the southern Black Hills, where they give rise to a steep slope, often rising con-
" spicuously above the lowlands eroded in the Niobrara chalk. The concretions ex-
hibit a curious sequence. The lower ones are biscuit-shaped, hard, and siliceous;
those in the layers next above are similar in shape and composition, but arve
traversed in every direction by deep cracks filled with calcite and sometimes scat-
tered. mystals of barite; and those in the uppermost layers are large, lens-shaped,
highly calcareous, and of a light- stmw color, consisting mainly of well-developed

" "cone-In-cone.

I Hills and Laramie formations.—These formations occupy a vast area of

the plains adjoining the Black Hills in all directions, except to the east and southeast. .

They approach nearest to the hills in the eastern portion of Weston and Converse
counties; Wyo., where threy occupy several hundred square miles of the central
Great Plains area. It is from the Laramie formation in this district that Hatcher

and Marsh obtained the large collection of remains of Ceratopsidz in deposits which
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have been designatednlocaHy « the Ceratops beds. These Céra’cops beds extend
northward from Buck and Lance creeks into Woston County. They have been
described by Hatcher,” and by Stanton and Knowlton,® who have shown from
taunal, floral, and stratigraphic evidence that they are of Ilaramie age. . The
underlying Fox Hills formation is_fully characterized by its distinctive marine
fauna, and the overlying beds are found by Knowlton to contain a typical Fort
Union flora. The precise boundary between the Ceratops beds, or Laramie forma-
tion, and the Fox Hills has not yet been ascertained, but it is usually placed at the
top of the deposits which have yielded a marine fauna. The base of the Laramie
formation, thus defined, consists of a series of sandstones and shales of no great
thickness, in which no fossils have been discovered, but which appear more closely
allied to the well-defined Ceratops beds above than to the Fox Hills below.

The Fox Hills formation in Converse and Weston counmes, Wyo., presents
-an alternation of slabby sandstones and sandy shalea, apparentl) in conformable
succession to the Pierre shale. The- sandstones give rise to an escarpment which
faces eastwald ovellookmﬂ the lower lands of the Pierre, Nloblala and Benton
formations. Tt is about 15 miles distant from the foothills of the Black Hills, at
Newecastle and throughout Weston County, but lies much farther west in Converse
County, as the Hogbéek Range bears to the southeast. 'The escarpment has a height
- of from 150 to 200 feet in greater part, comprising lower slopes of Pierre shale, a
gray-sandstone or sandy-shale series in the middle slopes, and a capping of three
thin but hard beds of slabby sandstone intercalated in sandy shales.” The sandstones
or sandy shales next above the Pierre shale usually contain large faintly defined
concretions, due to local increase of lithification, and they carry abundant fossils,
mainly Veniella. Their thickness is from. 250 to 500 feet. _

Next above the sandstones of the Fox Hills escarpment and ridge are slopes of
sandy shales, surmounted by high hills composed of -the succession of sandstones -
and shales constituting the Ceratops beds. These deposits alternate through a series
several thousand feet thick, with the component beds varying- greatly.in thickness
and extent. No stratigraphic order of beds has yet been detected and none of the
strata is continuous for any great distance. ~Sandstones predominate, consisting
mainly of fine-grained, loosely cemented beds of light-buff color, often Having a
thickness of 40 feet. They contain very characteristic concretions of gray color and
of great variety of shapes. The material is simply the sand of the soft sandstone,
locally lithified to increased hardness and slightly darkened. The sizes vary from a

v

few inches to many feet. The forms are usually elongated, with rounded outlines, -

aMarsh, O. C,, The skull of the gigantic Ceratopsidee: Am. Jour. Sei., 34 ser., vol. 38, 1889, pp. 501606, P1. XII.

bHatcher, J. B., The Ceratops beds of Converse County, Wyo.: Am, Jour. Sci,, 3d ser., vol. 45, 1893, pp. 135-144.
Some localities for Laramie mammals and horned dinosaurs. Am. Naturalist, vol. 30, 1836, pp. 112-120, and map. N

cStanfon, T. W., and Knowlton, ¥. H,, Stratigraphy and p&leontologv of the Laramie and related formations in
Wyoming: Bull. Genl Soc America, vol. & 1897, pp. 127-156. ‘
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but spherical and lens-shaped concretions abound. (See Pl. XVIII, B.) Shales
oceur interhedded among the sandstones of the Laramie formation and are often 30
to 50 feet thick. They are usually of dark-gray volor and in places lignitic. Coal
was not observed in this formation near the Black Hills, but is found extensively to
the north and west. -

' TERTIARY DEPOSITS.

The earliest deposits of Tertiary age—those of the Eocene epoch—are not found
in the region adjoining the Black Hills, and there are many reasons for believing that
the principal epoch of the uplift in the Black Hills region was in early Tertiary time.
Early Eocene deposits may have been laid down and removed by erosion in conse-
quence of uplift in later Eocene time, but it is much more probable that the entire
area was subjected to vigorous erosion throughout the portion of Eog‘ene time prior-
to the Oligocene. During the Oligocene epoch there was widespread deposition in
the Central Plains region, and adjoining the Black Hills there was laid down a thick
mantle of the sands and clays, which will be described below. The Arikaree® forma:
tion, of Miocene age, which caps Pine Ridge, has not heen found on the Black Hills,
and nothing is known as to its former extension in that direction. According to
Prot. J. E. Todd, a representative of the formation occurs north of the hills in the
high buttes beyond Belle Fourche River, in the northwest corner of South Dakota.

White River group.—The well-known formations of the Big Badlands lying
between Cheyenne and White rivers in western South Dakota and underlying Pine
Ridge, have been found to extend to the Black Hills and high up on their flanks in a
portion of the region. About Fairburn and Hermosa wide areas of the highlands
are occupied by the Chadron and Brule formations, which often give rise to minia-
ture badlands of considerable extent. The deposits comprise both fine-grained and

coarse-grained materials, the latter marking the course of the more vigorous streams -

ot the period. There are large areas of fuller’s earth, sand, limestone, calcareous
" grit, and channels filled with conglomerate, in some places silicified and in others
cemented by carbonate of lime. ‘

The principal areas now remaining are on the high divides between Lame Johnny

~ and Rapid creeks, but there are also extensive masses in the broad part of Red Valley
behind the Hogback Range, and there are narrow valleys filled with the deposits,
which extend several miles back over the Carboniferous and Cambrian onto the
Algonkian crystalline rocks.” Some details of their distribution are shown on the
geologic map (Pl. XXXV). To the southwest there are scattered areas at a number
of points between Edgeniont and Pringle, notably on the Minnelusa formation west
of Argyle, in Red Valley north and west of Minnekahta, and on-the Dakota sand-

« Darton, N. H., Report on Nebraska west of the one hundred and third meridian: Ninteenth Ann, Rept. U.S.Geol,
Survey, pt. 4, 1898. p. 735.
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stone not far north of Edgemont. South of Oelrichs there is a narrow basin which
has been preserved in a syncline extending toward the Big Badlands. In Converse
County, Wyo., the formation extends from the foot of Pine Ridge over a portion of
the anticline rising along the east side of Oldwoman Creek.

The deposits of the White River group exhibit considerable diversity of compo-
sition. The principal material is 4 porous crumbling clay, pale-flesh color when
dry, but light brown when damp. Some portions of it are pale green when dry
and olive when wet. It is a hydrosilicate of alumina with some admixture of
sand and clay, being in reality fuller’s earth, and differing from ordinary clay in
heing much less plastic. In the lower beds of the group it merges into sand on the
one hand and into clay on the other. Tt is often associated with or gives place to
. coarse: materials occupying channels or broad sheets. In the vicinity of Hermosa the
prmclpal matérial is conrse sandstone and conglomerate, mainly of dark-hrown color,
‘which mantles extensive plateans., On the high level ridge north of Spring Creek
there are coarse conglomerates, which extend entirely across the Hoghack Range.
About Fairburn, and to the west, there are long channels filled with conglom-
erate consisting of limestone pebbles and ‘a calcareous matrix. These extend up
several of the depressions through the Hogback Range, either displacing the fuller’s
earth deposits or being intercalated among them. The limestone pebbles appear to
have been derived from Tertiary limestones, for they do not represent any of the
Mesozoic or Paleozoic rocks of the hills. On the higher lands of Red Valley,
hetween Hermosa. and Rockerville, there is an extensive deposit of nearly pure
limestone, giving rise to a high platean of considerable extent. The total thickness
of the beds is about 30 feet at some places, the limestone being underlain by fuller’s
_ earth. A characteristic outclop is shown in P1. XXV, 4.

Limestones of various degrees of purity are abundantly intercalated in the
fuller’s earth deposits in the region west and sonthwest of Fairburn, lying in
‘depressions on_the older rocks. Their most southerly occurrence is on the ridge a
short distance northwest of the western entrance of Fuson Canyon and on the high
divide just north of Lame Johnny Creek, a short distance west of the Fremont,
Elkhorn, and Missouri Valley Railroad. These limestones usually contain fresh-
water fossils, mainly gastropods, often in great abundance.

There ave extensive exposures of coarse matenalb of White River age in the
~railroad ¢uts through this divide south of Fairburn (shown in Pl. XXV, B), where
~ the materials are mainly c1an-bedded coarse sands with a large propoxglon of
-gravel, largely derived from the crystalline rocks of the hills. The thickness of the
White River deposits on the flanks of the Black Hills varies from a thin remnant to
200 feet or more. In the divide just south of Liame Johnny Creek, in Red Valley,
at a point 10 miles southwest of ‘Fairburn, over 200 feet were measured, consisting
mainly of pale flesh-colored sandy clay and fuller's earth.
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A DEADWOOD FORMATION IN NORTHERN PART OF DEADWOOD, S. DAK.

View showing thick mass of regularly bedded sandstone in middle of formation. Looking northeast.

B. DEADWOOD SANDSTONE LYING ON ALGONKIAN SCHISTS IN DEADWOOD, S. DAK.

Shows slight channeling.
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East of the Hills the‘White River deposits are usually divisible into two forma-
- tions—the Titanotherium heds or Chadron formation below and the Oreodon beds
or Brule clay above. The Cnadron formation consists of fuller’s earth of light-gray,

drab, pale-green, or pinkish tints, traversed by channels filled with gray sandstone,

~and usnally has at its base a bed of coarse gravel composed of rocks derived from the’
Black Hills. The Brule clay consists of massively bedded sandy clay of pale-flesh
and drab colors. These formations are most extensively exhibited in the large area
of hadlands lying southeast of Cheyenne River. Some of their typical features are
‘illustrated in Pls. XLV and XLVIL - ‘ "

All of the White River beds have yielded fossil bones of various kinds which are
typical of the Oligocene epoch. The following, which wére determined by Prof.
F. A.. Lucas, were obtained in beds high up on the flanks of -the Black Hills west of
Fairburn:  Oreodon -culbertsonii, Pubrotherivim wilsoni, Stylemys nebrascensis, and
Hyracodon nebrascensis. '

The White River deposits southwest of Argyle consist mainly of fuller’s earth.
A few turtlé bones were found in them, but no extensive search was made for fossils.
North fdnd west of Minnekahta the material is a mixture of fine sand and clay. The
outlier northwest of Edgemont caps an area of Graneros shale high on the slope of
the Dakota sandstone. It consists mainly of gray. conglomeratic sandstone. In the
vicinity of Lead small areas of White River beds have been found at an altitude of
about 5,000 feet, and on the slopes of Bearlodge Mountains deposits supposed to be -
of this age occur at an altitude of more than 6,000 feet. . ’

During White River time in the Black Hills and adjoining regions there was
deposition of a considerable volume of voleanic ash. The period appears to have been
one of volcanic activity in the region west, and the ashes were borne on the winds and
dropped into the waters so as to be spread over a wide area of country adjoining the
Black Hills. There is more or less voleanic ash throughout the White River deposits
as an admixture with the clay and sand. Accumulations of the pure material are
often found at various horizons from the lower Chadron beds to the highest forma-
tion in Pine Ridge.

GEOLOGY OF A PORTION OF THE BIGHORN MOUNTAINS.

GENERAL RELATIONS. ) .Y

The Bighorn Mountains are due to a great anticline of many thousand feet
uplift. rising in south-central Montana and extending southeast and south about 125
miles into central Wyoming. It elevates a thick series of Paleozoic and Mesozoic
formations high above the plains, and, owing to the deep erosion of its crest, pre-
sents a central nucleus of pre-Cambrian granites from which the sedimentary rocks
dip at varying angles on either side. The most elevated portion of the uplift is near
latitnde 44° 30", where one of the granite summits, Clond Peak, has an altitude of

H
«
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13,165 feet, a vise of about 9,000 feet above the adjoining plains. (See Pl XXVI, 4.)
The uplift diminishes in amount to the.north and finally dies out in Montana; to-
the south it becomes lower, but continues for many miles, finally curving around to
the west dand extending into the Rattlesnake and the Owl mountains. On the flanks
‘of the uplift there is'exposed a series of Paleozoic and Mesozoic rocks, the former .
giving rise to a high monoclinal range, shown in Pl XXVIII, while a parallel
lower hogback marks the outcrop of the harder members of the Mesozoic rocks.
The general stluctule is 1llust1ated in sections'1, 2, and 3 on Pl X,

STRATIGRAPHY.

During 1901 and 1902 a detailed study was made of the stratigraphy of the
formations on a portion of the eastern side of the Bighorn uplift, and the general
features were determined as indicated in the following table: :

Table.of formations on east side of Bighorn Mountains, in Wyoming.

Age. . Formation. ' Principal c‘.mm‘n:.tcn ’ tﬁg?\g‘;‘\l\
. . d . Feet.
Laramie ... ....... Sandstonesand shales withlocal coal beds; 2,000
. ~ lenses of conglomerate near base.
. Fox Hills ......._. Soft buff sandstone............ ... .. 200
- Pierre............. Dark-gray shales...... e 2,700
’ . . job 7 %
Cretaceous «ommmmnmnno Niobrara ..... e Gra) shales ... o o ... -OQi—_
. : Benton.....:...... Dark shales, andy ghale with thin, rusty 1,150
10- ’ ‘I sandstone layers at base. :
Cloverly. ... . {Lﬂ‘% to purple clay (Fuson) «...oocen... 30
] Coarse sandstone (Lakota).........._._. 30
] Morrison .......... Masgive shales and sandstones. ......._.. 150-250
JUrASSIC < o laeecaanan, Sundance.......... /| Buff sandstones and green shales ... ... 300
’ Red sandstone and thles with gypsum .1, 200
: | (Spearfish).
s . D} s v, ¥ .
Triassic (?) or Permian...| Chugwater ........ 3 Parple to gray limestone (Minnekahta ?) 5
' _ |Red shales (Opeche ?) .. ...ooooaio... 30
Tensleep ... .: e White sandstone .. ... ... et 50-200
e Amsden...... ....| Red shalés, white limestone, sandstone - 300
'Carbomfero‘\us Tt X ' and cherty limestone. , ’
. ~ Little Horn........ Limestones of lightcolor....... .. ..._. 1, 000 -
Ordovician ............ --| Bighorn ........._. Limestone, in greater part very hard and 250
: ‘massive. ) :
Cambrian ... ... ... ... Deadwood ......... Sandstone, shale, conglomerate, and lime- 1, 000
. . B stones.
Algonkian or Archean.... ... ... ... s Granite. . ......o.ceeiieiiai i
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DEADWOOD SANDSTONE LYING ON ALGONKIAN SCHISTS, ON SQUAW CREEK, BELOW OTIS, S, DAK

Typical flat-bottomed valley of Black Hill parks; sandstone about 30 feet thick, marked by line of cliffs to right. Looking north,
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" CAMBRIAN.

Deaelwood formation.—The lowest member of the sedimentary series in the Big-
‘horn Mountains consists of middle Cambrian beds, so closely reserubling the Dead-
wood formation of the northern Black Hills that this name may be employed in both
regions. The rocks comprise sandstones, shales, limestones, and conglomerates,
averaging from 900 to 1,000 feet in thickness for the most part. At the base there
is usually at least from 10 to 30 feet of brown sandstone lying on granite and often '
cqnglomemtic near the contact. Some typical features are shown-in PL. XXVI, B.
Next above are gray and greenish-gray shales, usnally with thin sandstone or sandy

shale intercalations. Ordinarily these shales have a thickness of 250 to 300 feet. -

They are succeeded by a bed of coarse gray sandstone, averaging from 25 to 40
feet. thick, and apparently of wide extent. This sandstone is overldin by several
hundred feet of gray shales and thin-bedded sandstones, containing considerable -
‘glanconite at most localities and a few thin layers of limestone. This series merges
upward into an alternation of impure limestones and very characteristic conglomerates
of flat limestone pebbles, thenvgreen on the surface, but from gray to pale pink inside.
This limy series has a thickness of about 200 feet and is succeeded abruptly by a bed
of white sandstone about 25 feet thick, which is regarded as the top of the Dead-
wood formation. .The pre-Cambrian surface on which the Deadwood formation lies .
is in general remarkably smooth, but has in it occasional local irregularities con-
sisting of shallow channels or low cliffs. ,

The formation does not present much local variation in eharacter, the principal
changes ‘being in ‘the basal sandstones, which, in some portions of the area, attain
a thickness of 300 feét. , _ '

Fossils from the upper limestone series have been found to be Dicellomus politus
(of middle Cambrian age), which also occurs in great abundance in the thin lime-
stone layers in the underlying shales and at intervals to the base of the formation,
the small, white shells being conspicuous in the gray and buff sandstone. In the
lower -sandstones Ptyc/zopaﬁa oweni oceurs often in great ahundance.

ORDOVICIAN.

- Bighorn. Timestone.—This limestone is one of the most prominent members of
the sedimentary series in the Bighorn Mountains, rising in high. cliffs along the inner |
face of the limestone front range, as shown in Pls. XXVI and XXVIIL Its prin-
cipal member is a hard, massive, impure limestone of light-gray or light-buff color,

" with reticulating masses of silica, which give the weathered rock a very coarse,
irregularly pitted, or honeycombed surface. The thickness ranges from 200 to 300
feet for the most part, and the bedding planes are mostly from 10 to 20 feet apart.

" The very few fossils it has yielded are of Ordovician age and are regarded by E: O.
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Ulrich as lower Galena-Trenton in equivalency. In its upper portion the rock
hecomes less massive, and the top member of the formation includes some thin-
bedded, impure limestones which, at one locality northwest of Buffalo, contain large
numbers of fossils representing the Richmond fatina of the upper Ordovician. This
uppér series is not well exposed, and apparently it is not continuous.

In some localities the massive member of the Bighorn limestone is succeeded by
fine-grained, light-colored limestones containing numerous corals, among which were
recognized Halysites catenulate and other forms. This overlying series is included
in the Bighorn limestone because of its Ordovician age. . . .

CARBONIFEROUS,

Little Horn limestone.—This limestone comprises about 1,000 feet of beds, and
constitutes the greater part of the high front range of the Bighorn Mountains. Its
" thickness ‘diminishes greatly to the southwest. The rocks are mainly of light

color and are massively bedded. At the top there is a series of pure limestones
100 feet or more, in thickness, but of soft texture, which weathers in typical cas-
‘tellated forms, one of which is shown in Pl XXVII. Many of the lower
beds contain much sand admixture and arve usually darker. Fossils of typical
lower Carboniferous forms occur at several horizons. The thickness of the forma-
tion diminishes to about 250 feet in the. southeast portion of the uplift. The
Little Horn limestone’ is equivalent in the main to the Madison limestone of
. Montana and the Pahasapa limestone of the Black Hills; but as the stratigraphic
limits of the formation aré somewhat indefinite, a local name is applied, derived
from the canyon of Little Horn River, where there are extensive. exposures. °
- Although there is no marked evidence of unconformity at the base of the Little
Horn limestone, and the lowest beds are not fossiliferous, it is probable that the
Silurian and the Devonian are absent, ‘
Amsden formation.—The uppermost limestone member of the Bighorn front
range-has been separated as the Amsden formation, named from a branch of Tongue
- River west of Dayton. It consists of a somewhat variable succession of red shales,
limestones, cherty limestones, and sandy members outcropping along the higher outer
slopes of the range. Its thickness is about 150 feet near the Montana line, hut
increases gradually to the south and amounts to 350 feet west of Sheridan and Buftalo.
Throughout its course the basal member is a red sandy shale or fine-grained red
sandstone from 50 to 100 feet thick. the amount gradunally increasing to the south.
_lying on the .massive bluish-gray limestone of ‘the Little Horn formation with no
_ apparent unconformity. Next above is a somewhat variable series including very
- compact, pure, white limestones, several thin beds of gray sandstone, occasional thin

/
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WESTERN SLOPE OF BLACK HILLS ON EAST SIDE OF STOCKADE BEAVER VALLEY, SOUTHEAST OF NEWCASTLE, WYO.

Steep-dipping beds from Minnelusa to Minnekahta limestone, the latter spreading out in a characteristic plateau at the foot of the slope. Looking southeast.
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_bodies of red shale, and, in the greater part of the region, several thick beds of very
cherty limestone which contain fossils. Only a very few fragmentary specimer'ls
have been found in the lower beds, so that the age of these is uncertain.

Zensleep sundstone.—The outer slope of the Front Range is flanked to a varying
height with a sheet of sandstone which .is continuous throughout. It is a* massive,
white sandstone, locally of buff color, with an average thickness of about 200 feet
west and southwest of Buffalo, but thinning gradnally to the north to ahout 50 feet
near the Montana line. Some limy and cherty layers occur in its middle and upper
parts. ~ Its white ledges are conspicuous features on the mountain slopes rising
abruptly out of the red shale valley (see Pl. XXVIII). The sandstone is mostly
massive, there is much cross bedding, and the material is fine grained and moderately

. hard at most points. - Fossils found in chert nodules in the medial beds of the forma-

tion are of Pennsylvanian age. Its name is derived from extensive typical exposures

in the walls of the lower canyon of Tensleep Creek.

TRIASSIC (?) OR PERMIAN,

Chugwater formation.—There extends along the foot of the Bighorn Range a
thick series of red beds apparently equivalent to the Red Beds of the Black Hills,
hut not so plainly divisible into three members,. ' .

The Minnekahta limestone, which is the lowest of the trio in the Black-Hills,
appears to have an attenuated representative in the Bighorn uplift, but as its identity
can not be proved it has been thought best not to attempt to subdivide, but to com- |
prise all under the one designation of the Chugwater formation, a name derived
from Chugwater Creek, on which the formation is extensively exhibited in the
vicinity of Iron Mountain,

The formation avemges 1,250 feet in thickness, and consists mamh of bright-
red sandstones and sandy shales containing deposits of gypsum with thin beds of
limestone near the top and the bottom. The lowest limestone, which oceurs about
920 feet ahove the Tensleep sandstone and has an average thickness of less than 5 feet,
consists of thinly laminated, pinkish, dolomitic limestone strongly suggestive in
appearance and relations of the Minnekahta limestone of the Black Hills; it has
yielded no fossils. About 80 feet higher in the formation there occurs another bed
ot limestone averaging about 3 feet in thickness, of impure character and honey-
combed structure, which is a prominent member along the east side of the Bighorn
basin. A series of several thin beds, having in all a “thickness of from 120 to 250
teet, appears near the top of the formation intercalated among red sandy shales.’
Their individual thicknesses vary from 2 to 10 feet. They contain fossils at a num-
ber of localities, but unfortunately the forms are so lacking in characteristics that

10001—No. 3205 ’
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it has not been possible to ascertain whether they are of the latest Paleozoic or the
earliest Mesozoic . age. One prominent exposure standing vertical is shown in
Pl. XXIX, B. As in other regions, the gypsum occurs mainly in the lower 200
feet of the formation. . , ‘ -

‘ JURASSIC.

Scmdcmceforma't?fon.—Typipal marine Jurassic deposits, with abundant fauna,
are well represented in the Bighorn Mountain section. Owing to the steep dip
of the beds along the foot of the Front Range the outcrop zone is narrow, hut it
continues throughout, exéept at a few points where the beds ate cut out by faults.
The beds present the usual succession of a sandy series helow and a considerahle
thickness of greenish fossiliferous shales above. The . thickness averages about
300 feet, with local variations of small amounts. At or near the base there is
usually a hard fossiliferous limestone having a thickness of from 3 to 5 feet,
increasing locally to 25 feet. Next above are soft sandy beds often ,qontaiﬁing
large numbers of Gryphza calceola, var. nebrascencis. The greenish shales next
above contain thin layers of highly fossiliferous limestone and a iew thin sandy
layers containing many Belemmtes densus. -

-

CRETACEOUS.

Morrison forination.—This formation outcrops along a narrow zone in the,
foothills at the base of the mountains. It consists mainly of shales or hard clay
- of a pale-greenish or maroon (,0101 with a darker clay at its summit, all having
" a peculiar chalky appearance and massive .or joint-clay structure. It includes
several beds of light-gray or buff sandstone, varying in thickness from 2 to 20
feet, usually soft, with thin, irregular bedding planes, which genelall) haw{e a
_ peculiar wavy sul'faéewsuggestive of incipient cross bedding. The thickness is
about 150 feet to the north and 250 feet to the south. Remains of dinosaurs
are abundant, but no- other fossils were observed.

- Cloverly formation.—Overlying the Morrison shales there is a thin bed ot sand-
stone which, from its stratigraphic relations and character, is believed to represent
the Lakota of the Black Hills, overlain by and merging into clays resembling the
" Fuson -formation. meg, however, to the lack of any definite evidence as to the
equlvalency of these: beds, and espemally in consideration of the apparent absence of
deposits representing the Dakota sandstone above the clay, it has been thought hest
to give this series a separate designation, and the word ‘‘Cloverly” is proposed,
a name derived from the post-office on the eastern side of the Bighorn basin.

The sandstone member of the Cloverly formation usually gives rise to a line of
knobs or low 11dges on the divides dlong the eastern ilope of the Bighorn uplift, one
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A. TYPICAL CANYON WALLS OF MINNEKAHTA LIMESTONE LYING ON SLOPE OF OPECHE RED BEDS, GILLETTE
CANYON, SOUTHEAST OF NEWCASTLE. WYO.

View showing massive appearance of this thin bedded rock.

B. MINNEKAHTA LIMESTONE AND OVERLYING RED BEDS, ETC, SIOUX PASS, BLACK HILLS, SOUTH DAKOTA.

Hogback of Dakota-Lakota sandstone in distance.



BENTON OF THE BIGHORN MOUNTAINS * 51

of which is shown in PL. XXIX; 4. Ordinarily it is a coarse-grained, buff or dirty-
gray, cross-hedded, .massive sandstone, averaging 30 feet-in thickness, but varying
from 10 to 60 feet. The overlying clay is ravely exposed, but in a few outcrops is
seen to-be a reddish to ash-colored clay, locally of darker gray color and with a
thickness of from 30 to 40 feet. Near the base of the sandstones there occur some
very thin deposits of coal, or coaly shale, which sometimes contain remains of
numerouns flattened pine needles, as do the coal deposits of the lower portion of the
_ Lakota of the Black Hills. ‘

Benton formation.—The lower portion of the great mass of shales underlying
+he plains along the foot of the Bighorn Mountains, with an average thickness
of about 1,300 feet, belongs in the Benton formation. " The subdivisions recognized
in ‘the Black Hills and in Colorado are not apparent in the Bighorn region, mainly
owing to -the absence of the Greenhorn limestone, but the hard shales which
weather to a light-gray color are present nearly a thousand feet above the base of
the formation, which indicates a great expansion of the lower third of the Graneros
shales. . ' ' .

The basal member of the Benton consists of dark-gréy shales, in part sandy
and of rusty-brown color, with occasional thin beds of brown sandstone, which
locally expand into beds of moderate thickness. It is possible that this portion
of the fornation represents the Dakota sandstone of other regions, but there is
no direct evidence, and even if the few indistinct plant remains which it contains
should prove to belong to the Dakota flora, that would be no more than we should
expect in any shallow-water deposits at the beginning of Benton times. A zone
of shales carrying globular concretions averaging for the most part from three-
fourths of an inch to 2 inches in diameter, with radiated crystalline structure and
dark-gray color, oceurs in the upper part of this lower series all along' both sides
of the Bighorn uplift. It consists mostly of phosphate of lime, and appears to
have the structure of marcasite and to be a replacement of that mineral.

Next above this lower member there are several hundred: feet of dark shales,
‘mostly fissile, which contain thin beds of’sandstone and iron and lime concretions
of typical lower Graneros character. .

c

These are overlain by a very characteristic series, about 150 feet thick, of hard,
lighter gray shales and thin-hedded sandstones, which weather very lig'ht colored
and form bare ridges of considerable prominence, notably Columbus Peak, southwest
of Parkman. Most of its beds contain large numbers of fish scales and occasionally
fish teeth and bones. By some observers this member was supposed to be Niobrara,
but it lies below beds containing distinctive Benton fossils, and in other portions
of eastern Wyoming is exposed with relations that indicate that its position is
below the middle of the Graneros division of the Benton formation, or several
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hundred feet below the Greenhorn limestone horizon. This series will be designated
the Mowrie beds. from Mowrie Creek, northwest of Buffalo. -

The top member of the Benton formation in this region comprises 200 feet or
more of dark shales, with occasional fossiliferous layers containing Benton“forms,
having at their top a series from 20 to 30 feet thick containing lens-shaped.
lime concretions, 2 to 4 feet in diameter for the most part, of huff color when
weathered, and cairving occasional remains of Prionotropis woeolgari and Priono-
cyclas wyomin gensis, species characteristic of the upper part of the Benton (Carlile)
beds. about the Black Hills and elsewhere.

Niobrara shale.—This series of limy deposits, which is so conspicuous along
the Rocky Mountain front and in the vicinity of the Black Hills, is not clearly
defined in the vicinity of the Bighorn Mountains. It appears to be represented by
about 200 feet of light-gray shales lying between the Prionotropis shales above
referred to and the fossiliferous beds of the Pierre shales. A few of the
characteristic Ostier congesta were found at thisthorizon far south in the range, but
none were observed in the district northward. _

Pierre shale.—The Pierre shale outerops along the eastern base of the Bighorn
Range, presenting its usual features of dark-gray shales or clays containing oeca-
sional concretions filled with characteristic fossils. In the northern part of the
region occur a few thin beds of sandstone, which develop to the south. The
thickness of the formation varies from 2,000 to 3,000 feet, but it is possible that
this apparent unusual thickness is due partly to crumpling of the beds in the
steeper slopes of the uplift. The usual assemblage of Pierre fossils occurs in the
formation, but not in as great abundance as in other regions. _

Fow Hills sandstone.—The Pierre shales give place rapidly to the Fox Hills
sandstones, which have a thickness of 200 feet or more and consist mainly of fine-
grained light-buff rock, with numerous marine fossils. The bedding is massive in
greater part, and the lithification of the sandstone is irregular, some portions being
‘hard and others so soft that they can be dug with a shovel. Hard cohcretions occur,
mainly in elongated rounded forms of dark-gray color. These concretions are

“similar to those which sometimes occur in the soft sandstones of the lower part of

the Laramie formation, especially in the region west of the Black Hills. The
following fossils, obtained from the Fox Hills sandstone near the Bighorn Moun-
tains, were determined. by Mr. T. W. Stanton:

Cardium speciosum, M. & H.; Aviewla lingniformis, Bv. & Sh.; A. nebrascensss,
Ev. & Sh,; Ostrea glabra, M. & H.; Liopestha (Cymella) nndata, M. & H.; Lepto-
solen, n. sp.; Cylichna (%), sp.; Baculites, sp.; Modiola, sp.: Prima lakesi (1),
White; Zedw, n. sp. (9); Thracie subgracdlis, Whittield; 7. subtortuosa, M. & H.;
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Izmatw suberassa, M. & H.; Sphaerilla (1) cordata, M. & H.; Tellina oqmlatemlza
M. & H. .

Laramie formation.—The wide expanse of plains lying between the foothills of ™~
the Bighorn Mountains and the Black. Hills is occupied by the Laramie and
overlying formations, as shown in sections 1, 2, and 3, Pl. X. The formation lies
in a hroad, flat-bottomed basin, with steep dips on the west side on the slope of
the Bighorn uplift. The thickness of beds lying in this basin is not definitely
ascertained, but appears to be several thousand feet. The lower members are
~undoubtedly Laramie. but the upper ones probablv extend to the “Fort Union”
formation. . y .

The Laramie rocks are sandstones, sandy shales, and shales, with nqmerous thin
" beds of lignite. At the base there is usually a very characteristic member consisting
of alternating shales and thin-bedded rusty sandstone. This, in the northern
portion of the region, is succeeded by a conglomerate containing pebbles of lime-
stones and of the characteristic flat-pebble conglomerate of the Deadwood formation
derived from the mountains westward, indicating ‘that there was an uplift in
the region in earlj Latamie times. This conglomerate begins west of Sheridan-
and extends southward to Crazy Woman Creek. Pl. XXX shows an outerop in the
area of its greatest development. It is succeeded by sandstones and shales with
lignite beds at various horizons.

GEOLOGY OF THE NORTH END OF THE LARAMIE RANGE,
" GENERAL RELATIONS.

Under this heading will be described the results of some recent examinations
which I have made of Casper Mountain and of the ridges in the southeast corner of.
Converse County, Wyo., which lie at the north end of the Laramie Range. In these
ridges the Paleozoic and \Iesozom formations are exposed, lyi ing on the -granites and_

~ schists and in greater part trending east and ‘west, at right angles to the strike of
" the Laramie Front Range This district was examined hy Hayden many years ago,
but.only some of the general features were mentioned, and the 1mportant fault was
not recognized.

3

®

v 7 STRUCTURE

Casper V[ountam may be 1egarded as the northwestern extremlty of “the .
Laramie Range, although an anticline of moderate prominence extends farther west
to the Raftlesnake ridges. The mountain-is an anticline, with due east-west trend,
broken by a profound féuilti which extends paralle] to the strike along the north front
. --of the ridge. The olde1'.f013rhations south_of this fault rise in a high eScarpment
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sﬁrmounﬁng a slope extending to North Platte River, which at Casper is 6 miles
from the top of the ridge. Only the castern half of the mountain was examined,
and it was found to present the general structural features shown in the following
sketch sections: - : . ‘ . '

Y
g o
N : N
Tensleep sandstone

Pennsylvanian limestone,
ambrian sandstoné

Granite and schist

.o *
“ .
Dakota sandstone” [ . R
Mornson and Sundance”; = 3
Chugwater red beds
7?.=ns/eep sandstone

. F16. 2,—Cross sections of Caéper Mountain, looking west. The first of these sections is somewhat west of south of Casper:

the second iy nearly due south, and the third is southeast

,At the eabt end of the mountam the antlchne pitches ‘downward and. the suc-
cession of outclops curves around to the south into the syncline with beautitul
distinctness; -some features of this.are shown in Pl XX‘(II On the South side of

the syncline the Cambrian and Carboniferous heds rise again on the slopes of a~

a

- Pennsylvanian. //m estone
Cambr/an ’sana’stone

- .- Fi16.3 —Longitudinal ‘rection of Casper Mountain, ldokihg north.

\high--ridgé of .granite.and schists. in a :nt;L'tvaest -dipping monocline which extends

to the eastwald extension of the fault mentloned above, and thence along the .south
side of the fault to heyond La Prele Cleek T :
Alonor the hont of this easteln 11dove Jrom Dee1 Cleek to La Prele Cleek
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A. WEST SLOPE OF STOCKADE BEAVER VALLEY, EAST OF NEWCASTLE, WYO.

View showing Spearfish red beds below with gypsum on top; middle slopes of Sundance shales and massive sandstone; upper
slopes of Sundance and Morrison shales, with Lakota outlier on knob.

B CONCRETIONS IN LARAMIE SANDSTONE, SOUTHWEST OF NEWCASTLE, WYO.

Prominence due to erosion.
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the fault parallels the monocline and Laramie and Carboniferous beds are in
contact. To the east the monocline develops into an anticline with granites and
schists in its center, and this flexure develops into complex corrugations toward
Wagonhbund Creek. -On La Bonte Creek and in the big bend of North Platte
River there is an extensive series of Mesozoic and Paleozoic formations which soon
pass benéath White River deposits to the east. The anticlinal structure is well
exhibited on La Prele Creek, ahove thenatural bridge, in a high arch of the lime-
stone,"south of which there is a synclinal valley occupied by Chugwater red beds,

* mostly. overlain by White River deposits. -East of La Prele Creek the main

(mtlclmal ridge curves to the southeast and passes heneath’ Cbugwater and over-

lying formations in the hig bend of North Platte River, .To the south there are -
. several’ corrugations exhibiting. Chugwater and overlying formations to the Nio-

brara, endlng in a monocline in which the Carboniferous hmestonea rise on the
slopes-af the oldm 01an1tes ‘and.- 5ch1stb '

STRATIGRAPHY ' . !

. -

The - rocks e‘{hlblté‘d in the uphft at the north end of the Laramle Ranoe,‘

from Casper Mountain E‘ﬂbtWﬂId are as tol]ow~

T ablc of se(lnnentary formatwns at the north end of Laramie Range.

;Age. ’ Formation. . 5 ‘ ' Principabcﬁaracte’r. ' Thickness.
. . , . s v . . . ;
R . . : . . Tcet
Laramie . ....._._.: *.| Sandstones with coal and shales. 500 or mme
_ % |{Fox Hills_......... | Sandstones .. ..occoaii.io... Lol 2007
v Plerre.'_;J;-...::... Darkshales e 1,000 or more.
o " ||Niobrara .......... Caleareous shales : O B 11 1= )
Cretaceots.......... ...\ Benton..._... ... | Dark shales and 'sar;dstones ...... L. 800
e, Dakota- Lakota». -+..| Buff massive sandstone.and con- | 200+
) L : | glomerate, w 1th shale 1ntercala— . ,
’ S “:'_;: .- 4. tions. - e T
Do - Mo,irison oo Lights colored massne shale and 1.
B . »‘ " .| gray sandstone: ' . - :
L | Greenish, shale Cand buﬁ cand- 415, o
: . L o stones, local gypsum bed. - .
Triassic (?) orPermian’: .| Spearﬁch Y = |fRed shiales and sandstone, withig ovp- 450 T
oL e | Chug- gum and limestone, i PR .
RERU - o \Imnekahta water. | Thin- bedded llmestone_ elelieias "20 . t6-25. st
Carbonlterous Opeche.»-.- b = (Red shale LT T R PP P R 80 S
‘ Gray massne sandstone - . 60 :
“Gray masswe hmestone s leeoltool] 2004 07
-"..| Coarse, hard anassive, gray con-' .- 100" orless:: | Li
i glomeratlc sandstone : I Ly
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CAMBRIAN (?).

The sandstones underlying the Carboniferous limestones in.Casper Moun-
tain and in some of the ridges eastward are supposed to be of Cambrian age,
but no fossils were observed. It is possible that' they ‘are shore deposits of
Carboniferous age. The 1'6cks are gray and brown sandstones, conglomeritic at
the hdse, but of varying degreeb of coarseness above. They.lie on a smooth
erosion plain of granites and schists. Their thickness. averages about 100 feet,
but they thin out to the east; and in some of the slopes west and south of Douglas
disappear, the Carbonife'rops limestones lying directly on the‘ old schists.

CARI’ONIFE]{VOUS.

The summit of Casper Range and the slopes of the ridges at the north end of .
the Laramie Range consist of a series of limestones and §.1hdstone’s of Carbonifer-
ous age, The thickness varies COllsldPlably but averages ahont 250 feet in Most
portions of the area :

I‘he usual succession is a series of gray massive limestones, lymo on Cambrian
sandbtone and in somé cuases overlapping on the old’ granites and schists, capped
by an upper member of gray massive sandstone 60 feet thick, which is correlated
with the Tensleep sandstone of the Bighérn and Rocky Mountain ranges. On

‘Casper Mountain, as shown in’cross sections (fig. 2), this series dips gentl§ south-

ward from the fault scarp on the north face of the mountain, under a basin occu-
pied by a considerable thickness of Mesozoic rocks. On the south side of this basin

the limestone again appears and rises on the slopes of the ridges which. constltute

the north end of the main Latamie Range.. To the east there are exposures in
many small canyons WhICh head in the mountain, and especially in the canyons of
Boxelder and La Prele creeks. In the svnchne west of Douglas the limestones are
mostly covered . by the Chadron formation of- the White River- group, but are
conspicuous again abolit ‘the head of La Bonte Creek. They dlqappear to the
east, being concealed by the 'Jeltldly deposits which abut fwambt the old granites
and schists in the nmthwest co1ne1 of Laramie County. ) , ,

Has den< has referred to some features of this region, describing the hmestone

. on Boxelder ‘Creek as having nregulal bedding in greater part and being colored
. from llght-yellow to deep rusty, with some brick- red layers. Athyris subtilita is
: repo1ted from some cheltv beds. In the blue limestone on La Prele Creek, Hay den

found the fossils I—Iemopwmtes crussus, Productus nodosus, ﬂfg/awna pemtte?mata,
and atates “The under]vmg hmestone is vely gherty

’ o a.Fourth Ann.,Rept.. U. S. Geol, and Geog. Survey Terr.,"pt. 1, 1871, pp. 23-25..

a.
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A. LAKOTA SANDSTONE, LYING UNCONFORMABLY ON UNKPAPA SANDSTONE, IN NORTH
WALL OF SHEPS CANYON, SOUTH OF HOT SPRINGS, S. DAK.

View shows channeling at contact.

B. SUNDANCE FORMATION LYING UNCONFORMABLY ON SPEARFISH RED SHALES,
7 MILES SOUTH OF HOT SPRINGS, S, DAK.
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Tensleep sundstone.—The Tensleep sandstone is continuous throughout, consist-
ing of a massive, coarse-grained, porous sandstone, usually of light- gray color, hut
in some of the ridges west of Douglas dark-gr ay to brown, especially on weathered
surfaces. Its thickness appears to he over 50 feet. Its outcrop on the east end of
Casper Mountain is shown in Pl. XXXII, 4 and B. It is in this formation that the
natural hridge on La Prele Creek has been eroded, as shown in PI. XXXI.

TRIASSIC (7).

_ Chugmwater formation.—Throughout this r;agion the red beds, comprising the
Chugwater formation, consist of the nsual succession of Opeche red shale, Minnekahta
limestone, and Spearfish red sandy shales, with gypsum deposits, as in the Black
Hills.. The Opeche shale averages 80 feet in thickness; the Minnekahta limestone
is 20 ‘to 25 feet thick; and the Spearfish red beds are upward of 450 feet thick.
These formations are cut off by the fault south of Casper, but they appear again on
Muddy Creek-and its branches in the syncline south of Casper Mountain. There
are excellent exposures in.a gorge at the east end of Casper Mountain and south-
westward, where the beds dip steeply to the southeast. ’

" The Minnekahta limestone is mostly thin-bedded and of purplish tint, a charac-
feristic aspect which it has in the Black Hills. 1t is overlain hy about 80 feet of red
“shales, extending to a 15-foot layer of ‘cherty limestone (a feature often seen in the
Bighorn section), followed by about 850 feet of typical red shales and sandstones,
the whole capped by-a 20-foot liméstone layer which marks the top of the formation
and probably represents the alternation of -limestones and red shales at the top of
the red beds in*the Bighorn region. No gypsum ix present in this section. In a_
portion of the area, at the east end of Casper Mountain, the top limestone gives
:Ilse to a prominent wall, in which the beds stand vertical.
The red beds extend along the slopes south of Muddy Creek Valley, but are
cut off by the fault southwest of Glen Rock. Their next appearance is on Spring -
_Creek, 2 miles west 'of La Prele Creek, just below. the natural hridge, where the
fault "bends slightly _ northward and.-passes between ithe red béds and the Laramie

ﬁandstone In this section ahout 15 feet of ‘Minnekahta limestone is exposed, above

about 80 feet of Opeghe red shales, which lie on typical Tensleep white sandstone.
On' La Prele Creek, just below- the natural bridge, the fdult is"in the Spearfish red
beds. sh01t distancé south of this the Minnekahta limestone appears, 20 feet
“ thick, above ahout 80 feet of tvplcal Opeche red sandy shales (with the characteristic
"purple shales at the top, as in the Black Hills region), which is underlain by 80
feet or more of the Tenbleep white <andst0ne that crosses the creek at the natural
- bridge. A short distance east, the Whlte River beds extend to the Carboniferous

@
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limestone slopes and for ‘some distance the red beds are concealed. They appear
again south of Douglas and extend up the valleys of Wagonhound and La Bonte
creeks, where the Spearfish red beds are seen to contain considerable gypsum.

 One of the most extensive exposures’in this region is oms North Platte River in
the big hend 7 miles due south of Douglas. At this point the river cuts through an
anticline, exposing a small area 6f Minnekahta limestone and about 50 feet of Opeche
red shale. In the exposure the Minriekahta limestone is massive in general appear-
ance, but is yvery thin bedded and We‘lther'\‘ out in thin slabs: ~ Its upper portion is
mottled dark gray, but at the top thele are 5 feet of more massive limestone of light
co]or which is rather .an ‘unusual feature. The Opeche formation, 80 feet thick, is
seen again in-a gorge, ‘of \Vagonhound Cleek 9 miles south: southwest ot Douglas,
lymg on the Tensleep bandstone, heLe very dark. -

JURASSIC.

Szohdqncé "fr;rmatz’mi.f—.Typicél marine ’Juras'siC is_exposed on both sides of
~ the syneline south and.- southeast of Casper Mountain; but it is ‘cut off by the "
fault along the -northi side of . Casper Mountain and eastward for some. distance.
It appealc'agaiﬁ‘on Wagonhound Creek and North Platte River south of Douglas.

The section at the east end ot Casper Mountain presents most of the u~ml
features of the formation, which heve ‘has a thickness of about 350 feet: At the
buse, oyellymg the limestone which is supposed to represent .the top . of the
Spezuﬁsh “ted" beds, ‘there are 20 féet -or more of Wwhite to red sandstones, then a
few feet of _buﬁ .sandstones ‘and shales, with an 8-foot hed of gypsum, ‘which may
belong in the Spearfish formation. The principal rocks are dark shales, with
. limestone layers and concretions filled w1th characteristic fossils, including many
Belemnites densus. A : .

There are extensive exposures of the formation along Platte River in the big
"bénd south of Douglas and. just- west ‘on Wagonhound Creek. The Succehalon
here is''seen.to be 30 feet or more of massive gray sandstone at the bottom
overlain by pale gleemsh sandy shales 30 feet thick, succeeded by 5 feet of soft,
_greenish, massive -sandstone, 40 feet of bright-reddish sandy beda, and 15 feet of .
massive buff sandstone, and topped - by dbOllt ‘)OO teet of green shales, with a few
thin beds of.-sandstone and limestone contdining many later Jurassic fossils.

a L CRETACFOUQ a

ﬂ[mmson fonwaz‘mw ——Thls charac terI\tIC membel of tbe bedunentan benes.‘
‘outuops extenblvelg on -hoth- sides of. the synclme of the Mudd) Creek basin and
.alono- the -inner “slopes of the _Hogback- Range south. of" Doug]aa It plesents its

. usual ch‘uactel istics of a ! ]nomt clay ” or massive shale mmtly of gleemeh -gray

¢
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DAKOTA SANDSTONE. FUSON FORMATION, MINNEWASTE LIMESTONE, AND LAKOTA
FORMATION, NEAR EVANS QUARRY, SOUTH WALL OF FALL RIVER CANYON, 4
MILES BELOW HOT SPRINGS, S. DAK.

Capping rock of Dakota sandstone in typical massive beds; lower outcrops are Lakota sandstone, showing nearly entire
thickness of that formation.
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color, with some portions of maroou- tint. Some thin heds of light-colored sand
stones are.included. The thickness is about 100 feet. /.
Dakota- Lakotu formations.—The sandstone series which has usunally heen desig-
nated the Dakota is well characterized in the region at the north end of the Laramie
Range, on the southern side of Casper VIc)txntail{,. in Muddy Creek leIey, and
in the basin south of Douglas. . It is cut off . ‘by-a fault on the north side of’ Casper
‘Mountaii~ and along the ridge south of “Glenrock. At the east end of Casper
Mountain sandstones appeal in the outlying 11dge (\hovsn in Pl. XXXII, 5), from
which they extend to the southwest in a plomment ridge, nsmg like a wall for

some distance where the heds stand vertical.” At.the hase of the series there -

*is a brown conalomemte lying on the Morrison shales, 25 feet thick in places, with'
pebbles one- -half inch to 1 inch in diameter, paltly of’ ]%pel " This 1ock merges '

upwald into a coarse buff sfmd~tone which doubtless 1epresents the Lakota -

fmmaﬂon of the- Black’ ‘Hills leglon Ahove this aré dmk shales,’ indistinetly -

exposed, \\hmh include, at W hOlMOH ahnut 50 feet above the conO']omelate ca -

bright, pmphsh 1ed cldy bed “all stlongl) suwgebtlve of the- Fuson formation. - -
In the hogback (\how n in PL XXXII B) there are two sandstone beds -above
the basal conolomel atic’ member. ‘These are <epfudted hy shales, “and the upper,
probibly 1cp1e>enhmg the Dakota sandstone, is immediately. overlain by black
shales of the Benton group. Its. uppermost bed\ are thin hedded rusty colored,
and mteualated with very thin-bedded brown sandstones and shales. South of’
Douglas there are three sandstones, the basal one coarse glamed and. conglomeratic, -
H‘Oab on Muddy Créck: - Near Guthrie post-office the upper aandstone is plonunent
and is llndel]‘l,ll] by 20 feet or more-of reddish clay, strongly suggestive ot the -
Fuson formatlon The series hele forms a prominent ridge 1lsm0‘ ahove Red
mellev on the WEbt and “badlands ot Benton formation on the east Falthel east
" is an ov erlaph ot “White Ru er depo&ta .

! Benton group. ——1he Benton gronp is extensiv ely exhlblted in the walley oi

. ‘\luddy Creek southeash of. (,a\pel -and-on some hranches of ‘the La Bonte south ot‘ o

“Douglas.” The typical Mowne beds of hard shales are mcluded lying 500 feet :

_above. the Dakotm 5<lndqt0ne at: the dast end of ‘Cisper Mountam and appearing ., )

_ pr ommently on the south ﬂank of the first, anmclme south of Douglas _The under-
. lying rocks are dark ~hales w1th thln beds of Tusty. handstone t\’pl(‘ﬂ ot the lower';» ’

© ... portion- of the (.TI'dHBI‘Oa fomlatlon

. “The’ Mowue bedb GODlpI'Ibe a total. of! 50 feet of: hmd sand) ahales, wWhl(Jh.-: '
" weather to a. l]o'ht gla\ colol and Tise in’ 10W but shalp rldges bearmg scattered -
'-pmeq and’ cedaus ad in the Blghom and Black Hllls 1eg10nb Next above are
"about. 500 feet of dark shales extendmg to a ver y GODbplGuOHS sandstone laye1 *20“

feet or mme in- thlckness, paltly masswe *and paLtly thm hedded wh1ch is Verv.; -

Y

. careT e ot
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fossiliferous in Muddy Creek Valley. The following fossils obtained in -this
horizon were determined by Mr. 'I. W. Stanton: Zuocerumnus fragitis, M. & H., and
Cardiion panperenlina, Meek, ;which indicate a horizon in the upper part of the
Benton. This sandstone is overlain by several hundred feet of dark shales, with
some,_ thin layers of sandstone, and horizons of concretions, but the thickness of
~this uppel series was not accur dtel\ measured. '

Nrobm/ A FOPIALion. —Some areas of this formation are exposed in the syncline
southwest of Glenrock and 12 miles south of Douglas. on La Bonte Creek. The
material is a limy shale or i'n}i)ure chalk, some of the beds of which are moderately
hard. It is-characterized by the lighf straw color which it presents on weathered
outcrops and by the occurrence of thin beds of limestone filled with Ostrea congesta.
A small outcrop of beds supposed to belong to this for mation ‘appears southwest of
Casper at the foot of Casper Mountain, lying on the north side of the fault under the
uptirned edge of the Pierre shale, but is too indistinct-for conclusive identification.

- Pierve shale.—The Pierré shale is extensiv ely exposed ahout La~pe1 extending
to the foot of Casper Mountain, whevre it is upturned somewhat and cut off abruptly
by the great east-west fault. Its dips are miainly to the northeast, and east of
Caspei; it soon. passes under the Fox Hills sandstone; To the northwest it extends
from Casper to the base of the Bighorn uplift in continuous outcrop: The material

ix dark-gray shale in which occur numerous conecretions, mostly of small size, some

of them containing distinctive Pierre fossils. The relations to the Fox Hills forma-

- tion are somewhat obscmé for apparently to the north the.uppel Pierre beds contain

) sandstone mtercalatlons whlch closely 1e~;emble Fox Hills beds.

Foié Hills ‘and Lovamie’ Jormations. —Betw een_Cagper -and Douglas there are

. e\tenswe exposures of the Laramie formation, underlain to the west by the Fox
Hills sandstone, and traversed by the Casper Mountain fault, which brings them
in contact with the series of older rocks lying.to the south. OnaN01th Platte
River and in the vicinity of Casper and Glen Rock the Pierre shale appears: to he

_clearly separable, from the Fox Hills, if the lowest series of light-colored Sandatone\

* is to be regarded as the base of. the latter. ’ : ' T
' In- this lower sandstone series, 2 mlles south of Glenrock, the Iollowmg fossils
were obtained, dCCOldlnﬂ‘ to detelmmatlons by Mr. T. W. Stanton: - Anomia sp.,

S Avieula qumformca, E &S, A. neb/crsccmrzw E. & S.; Modiola meeks, E. & S,

- Lunatii ocad(mmhs, M: & H. (’), Haminea oazdentahe M. & H.; Callisio duwyé

M. &.H., and Séaphites, nodosis. - These sandstones are regarded -as. either high 'in-

_ the Plerre shale or as 1ep1esenmn0 the-lower portion of the Fox Hills. The latter-is
-a more dcceptdble interprétation, for the sandstones lié not far helow the base of the

Laramie coal measures. of the mines at (Jrlen Rock ‘the d1p bemg very gentle between
_ the two placps . CrE c R

-
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GEOLOGY OF THE HARTVILLE UPLIFT.

STRUCTURAL RELATIONS.

<

’i‘he Rocky Mountain Front Range and the Black Hills uplifts are connected
by an anticline which would have considerable prominence were it not for the thick
covering of Tertiary deposits. It branches from the main Laramie aplift north of
Tron Mountain, is extensively hared by erosion along North Platte River and north-
ward for some-distance in the Hartville region, and is marked by the prominent
peak of granite known as Rawhide Butte and by.numerous minor outcrops of
schists, limestone, and Cretaceous rocks in the eastern portion of Converse County.
This anticline is separated from the main Black Hills uplift by a low, transverse
syncline in which it is crossed by Cheyenne River.

" As compared with the Laramie Mountains and the Black Hills this uplift is low
and narrow, but has sufficient prominence to expose the pre-Cambrian rocks in
places, and doubtless has raiséd in other places ridges of these rocks that are
now concealed under Tertiary deposits. The syncline lying west of this uplift is
deeply covered hy these Tertiary deposits along the flank of the Laramie Range, hut
reveals an extensive area of Carboniferous limestones to the south, Morrison to
Niobrara and probably’ younger formations in the northwest corner of Albany
" County, and Fox Hills and Laramie formations to the north, where it merges into the
great syncline lying between the Black Hills and the Bighorn Mountains. On the east
side the covering of White River and late Tertiary deposits is so heavy, esprécially
in the high range of Pine Ridge and on the divide hetween North and South Platte
vivers, that the relations are difficult to ascertain. In Goshen Hole, where the
Tertiary formations have been removed, it is seen that there is a basin of Laramie
shales and sandstones, undoubtedly the northern extension of the great area of this
formation which underlies the northeastern portion of Colorado. To the north this
basin rises so that there appear in succession the Pierre shale, Niobrara chalk, and

~ _ the othei Cretaceons and underlying formations on the flanks of the Black Hills

QJplitt in the southwest corner of South Dakota. -

The most extensive exposures of the Hartville uplift are along North Platte
River, above Guernsey, and about Hartville and northeastward, Some ot the general
relations are shown in section 4, Pl. X. It will be seen from this section that the
old granites and schists aré exposed in a narrow zone, on the eastern side of which
the overlying Carboniferous limestones dip eastward under a distvict heavily covered
by Arikaree formation, but doubtless underlain by the regular succession of Paleo-
zoic and Mesozoic rocks. West of the-axis there is a broad plateau of Carbonifer-
ous limestones dippinglvery gently westward for some distance, then rising in a low
arch with steep dips on its west side which carry- it into a syncline containing upper

o
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A Carboniferous, Permian, and Cretaceous rocks up to Graneros shales.
tions are all clearly exposed in the deep gorge cut by North Platte River.

AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS.

These‘forma
To the

south” there is a great thickness of Arikaree formation extending to the base of

Laramie range and far up its flanks.

On Laramie River, some distance below

the Colorado and Southern Railway crossing there are small exposures of granites’

and schists, which again outcrop in high ridges in Rawhide Butte, which rises

prominently above the high plains south of the head of Niobrara River.

Near Lusk,

at the head of this river, the old schists again appear at a number of points in the

vicinity, with overlying red quartzite and limestones aud a small exposure of Red

Beds just east of Manline station.

Along the northern face of Pine Ridge therg

is a continuous covering of Arikaree formation, but in some of the canyons at'thé

head of Oldwoman Creek and its branches in the northern face of: the great escarp-

ment there are several exposures of the ‘older rocks.

On the east side of Oldwoman

Creek there is exposed; by the removal of the White River beds, an anticlinal ridge
of considerable prominence, consisting mainly of Dakota-Lakota sandstone, which

pitches downward to the north and. disappears in the plains south of Lance Creek.
It has gentle dips on the east and nearly vertical dips on the west side.

STRATIGRAPHY.

The rocks of the Hartville uplift dre given in the following table: .

*

Generalized section of the rocks, of the Hartville wplift.«

. Agei . ' ) Formation. ’ Principal character. < Thickness,
! [ - K Feet,
‘ Piérre ... . ....... Dark shales with limstone concretions. ........... 1, 200
’ Niobraraﬂ e Impure chalk and limy shales . ... ... ... . _. 250
‘fCarlile -Z.._....... Gray shales with toncretlonq and thin qandstone 425
Jlayers. .
4 N Greenhorn . _..... Hard, impure, s]abby-limestone ................. 50
. - ||{Graneros ._....._. .| Dark shales with local sandstone bed near base ... 1‘8000
Cretaceous. -----1{Dakota .._._....._. Buff, gray, and reddish, massive, coarse-grained 160
’ . sandstone.
Fuson........._... Gray, buff, and maroon shales and sandstone ... .. 60
Minnewaste. _..... Gray TINESEONE -« e e oo e e e e 5
Lakota.. .. ... .... _Coarse, buif, massive, uross—bedded sandstone_._ .. ! 100
Morrison ...._...... Pale-green, gray, purple, and black clay, with thin ‘ 100
limestone
Jurassic ........ ‘Sundance.....l.... Buff sandstones and gray elavs.. ... . ............ 200

A detalled description of the geology of the Hartville regmn appears in folio \0 91 of the.U. 8, Geol, Survex by
W. S. Tangier Smith and \ H. Darton.

i

-
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TYPICAL CLIFFS OF DAKOTA SANDSTONE, NORTHEAST SIDE OF SALT CREEK, 2 MILES SOUTH OF NEWCASTLE, WYO,

View showing massive bedding and large columnar structure. Looking southeast.
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Generalized section of the rocks of the Hartville uplift—Continued.

Age. Formation. ’ Principal character. Thickness.
. '\ Fea.
Spearfish .......... Bright, reddish-brown, sandy shales and thin- 450
Triassic? or Per- bedded sandstone with gypsam. N
mian. Minnekalita (Per- | Thin-bedded gray limestone .. .. ....._..... .. 20
mian). .
Opeche (Permian) .| Bright-red thin-bedded sandstone, with red, sandy 60
shale.
Hartville (Pennsyl--| Massive gray limestone,dn part cherty. some beds 630
. vanian to Missis- very sandy; also white, gray, buff, and red sand-
Carboniferous. . . sippian). stone, red shale, and gray Timestone near base,
and; at base, red quartzite.
Guernsey (Missis- | Conglomeratic quartzite, with overlying sandstone 150
sippian). and massive gray limestone, lying on quartzite,
) schist, limestone, gneiss, and granite dikes.
Algonkian . ... ERRRERREEELLEEREE Granites and schists, -
CARBONIFEROUS,

Gluernsey ,)"(mnation.—Thé‘name .Guerr'lsey formation has been applied to the
basal member of the Carboniferous in the Guernsey-Hartville region. It consists
mainly of limestone; but has a thin series of alternating sandstones and lime-
stones at its base, the lowermost member, a white to pinkish congloneratic
quartzite, lying unconformably on a planed off surface of Algonkian schists
and granites. Its thickness ranges from 75 feet to about 200 feet, the smaller
amount being due to the removal’ of upper members by erosion prior to the
deposition of tbe overlymg formation. The following typical section was made

by Dr. W. S. Tangier Smith, west of Guernsey, *on North P]atte Rlvel

.

&Geologw section of Guernsey formation west of Guernsey, Wyo. ) o
Red quartzite of the Hartville formation, unconformity. ] ) et
Dark-gray fine-grained limestone bed......... L 30 -
Light-gray fine-grained limestone bed ... . ....... ..o, . 40
Fine-grained gray hmestone, with purplish tmge about ....................... 30 >
X Yellow, fine-grained, massive hmestone ..... et 18
. Red fossiliferous sandstone........ s PR e eninn 6
Fine-grained gray limestone ... ..._.. e b)
Moderately coarse-grained, limy &and&tones, of dull-reddish or yellowish color.. 4.
Nearly white conglomeratlc quartzite lying on AlgonEan schists........ ... .. 10

This formation probably i represented farther south on this uplift, near the
junction of the Laramie Range, but it has not been differentiated in that portion of
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the area. It extends to the northward for some distance and is believed to represent
part of the Pahasapa limestone of the Black Hills. - The following fossils were
collected from the Guernsey formation in the Platte Canyon and determined hy
Dr. G. H. Girty: i

Eumetria verneuiliana?. ’ Pugnax sp.

Fish tooth. ‘ Seminula subquadrata.

Productus gallatinensis. Spirifer ¢f. Keokuk.

Productis levicosta. _ Spirifer striatus var. madisonensis, -
Productus semireticulatus?. . . Zaphrentis sp. ’

These are Mississippian (lower Carboniferous) forms.

Hartwille forination.—The Hartville formation consists of a thick mass of ‘lime-
stones having at the base a characteristic deposit of hrownish-red quartzite from
50 to 100 feet thick lying on_the irregularly “eroded surface of the Guernsey
formation. The erosion separating thesé two formations represents a portion of
“earlier Carboniferous times. The limestones contain sandy hbeds, some sandy
mixture, and ocecasional thin layers of shale. The limestones are fine grained and
compact, generally of light-gray color, and, at some bhorizons, contain .thin
sheets of chert and chert nodules. The sandstones are medium grained and oceur
mostly in beds less than 10 feet thick, although locally they are thicker. They
appear to have calcareous cement ~and probably, where not weathered near the
surtace, are too compact to be water hearing.

The Hartville formation is extensively exposed in the region north of Guern-
sey, about Hartville, and westward, and especially in the deep canyon which has
been cut by North Platte River above Guernsey. It gives rise also to an exten-
sive plateau extending northwatrd from Platte Canyon to the Elkhorn Railroad.
The.limestones about Lusk, with the basal red sandstone lying on the Algonkian
schists, probably belong to the Hartville formation, which doubtless represents the
Minnelusa formation of the Black Hills. The following fossils, obtained from
between 300 and 500 feet above the hase of the formation in the canyon of Platte
River, were determined by Dr. G. H. Girty, by whom they are regarded as
upper Carboniferous (Pennsylvanian division): )

Ambodtelia? sp. Productus sequicostatus.

_ Archeeocidaris spines. Productus cf. inflatus.
Ay iqulopectenpcgi(%enfalis. .. Productus prattenianus.
Derbya crassa. -, = ) Productus punctatus. -
Fuomphalus sp. ’ Productus semireticulatus.
Fusilina cylindrica. . . Seminula gubtilita.
Marginifera splendens?. . Spirifer rockymontanus,

Orthothetes (or Derbya).
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GREENHORN LIMESTONE LYING ON GRANEROS SHALES, COTTONWOOD CREEK, SOUTHWEST OF EDGEMONT, S. DAK,

View showing characteristic thin bedding and shale intercalations in Greenhorn limestone, and the abrupt change from Graneros shale.
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. MONOCLINAL RIDGES OF GREENHORN LIMESTONE AND SANDSTONE IN CARLILE FORMATION, AT DAM OF CLIFTON
. RESERVOIR, SOUTH OF NEWCASTLE. WYO.

Dakota hogback in distance, to right Looking rorth.

= ——yr -

B. MESAS CAPPED BY GREENHORN LIMESTONE, SOUTH OF EDGEMONT, S. DAK.

Slopes of Graneros shale. Looking east.
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From the lower portion of the formatlon there were obt;amed seve1a1 of the
lower Carboniferous (Mississippian) forms gwen on page 64.
A series of red shales in the lower portion of this formation. and its- basal
. red quartzite may represent the basal red shale member of the Minnelusa forma-
tion in the Black Hills region. - : 5
Opeche fomnc&tzon —The chief exposurea ot the Opeche formamon in th1s uplift
are in the vicinity of North Platte River, on the west side of the uplift, 15 miles
northwest of Guernsey, and in a few scattered out Tops to the morth. - Appar-
ently it is also exposed near the beginning of ‘the uplift north of Iron Mountain.
* It has a thickness of about 60 feet, and consists of-thin-bedded, fine grainéd, bright-
red sandstone. It rests conformably upon a massive white sandstone at the top
‘of the Hartville formation, a relation similar to that which it presents throughout
the Northwest. . o
Minnekahtes limestone.—This limestone dotibtless extends under the Arikaree
formation along both flanks of the uplift from Laramie Range to the foot of Pine
Ridge, but was observed 'onl'y in one small area, together.with the Opeche
formation, northwest of Guernsey. - The 1ock‘usually outcrops in a massive ledge,
but is made up of thin layers, which, on weathermg, break up into plates or
thin slabﬂ
. TRIASSIC (7).

Spearfish formation.—The Spearfish red beds are exposed in the small basin
15 miles northwest of Guernsey, at the head of South Fork of Sybylee Creek north
of Iron Mountain, in the upper portion of Chugwater Valley, and near the rail-
road east of Manline station. The rocks are the typical red sandy shales, grading
" into soft thin-bedded sandstone, some layers of which are distinetly ripple marked.
Some of the lower beds contain thin layers of white limestone from a few inches
to several feet thick, and intercalations of thin beds of gypsum. The total thickness
exposed northwest of Guernsey is estimated to be 450 feet.

JURASSIC.

Sundance formation.—In the basin northwest of Guernsey the Sundance
formation is exposed in small areas, mainly in the banks of North Platte River
and on some of the slopes north, and in the forks of Muddy Creek. Soft fine-
grained sandstones of light-buff color predominate. A thickness of 200 feet is
exhibited, of which the lower 140 feet are sandstones and the upper 60 feet
interbedded slabby sandstones and clays. The rocks contain typical marine Jurassic -
fossils in moderate number. A section of the middle and upper beds of the

10001-~No. 32—05——5

)
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formation exposed near Muddy Creek has been reported by the late Prof Wilbur
Knight« as follows

Geologw eectlon of Sundance formatzon near Muddy Creek, Wyoming.

Feet.
Variegated clays and wmarls with ‘bands of sandstone. . .....i.......... o nn. 43%

¢ Yellowish sandstone . .. ..o ... .....ooooiiioiiiiai. it eeeeacaan 8%

Dark shale beds with remalns of Baptanodon, Belemnites, Ostrea, Toncredia, '
Comptonectes, and a few septana ..... e eeeeeeaaad e e eeacaan 383
Yellowish SandStone « . . am ..« oonone sl et e e e 2
'Gray SANASHONe - oo iiiiiiiiiiiiiaiaa 5%
Yellowish sandstone alternating with thin clay bands ....................... 6% .

- Thin-bedded gray sandstones with a few bands of clay ............. el 53
Total thickness exposed ...... 1104

A small exposure of the top of the formation occurs in a small side ravine
in the anticline on the east side of Oldwoman Creek.

CRETACEOUS

Morrison formation. ——The Morrison formation appeals in the banks of North
Platte River and adjoining slopes, in the basin northwest of Guernsey, and in the
draw in the anticline on the east side of Oldwoman Creek. It consists of ‘joint
clays,” or massive shales of various colors in which pale green predominates, but of
which some portions are purplish, reddish, and black. Some thin beds of lime-
stone are intercalated. - The rocks in a section ‘on Muddy Creek northwest of
Guernsey are described by the late Prof. VVllbul Knlghtb as follows:

Geologzc section of Morrison formation on Muddy C’reek Wyommg

Feet
Dakota conglomerate and sandstone....... e R
" . Variegated marls and clays shading from yellow to dark maroon, with dinosau-
rian remains. ... ... ... e ettt aa e e eeeeaaa . 38%
" Caleareous sandstone. .. ... ...._........_...... . e 2
Bluish and yellowish marls, containing Brontosaurus at top and Morosaurus at ‘
B e s 223
—  Drab caleareous sandstone_........_. Leeen e e eeeaaaeaaann P
Light-colored clays and mafls, with thin bands of sandstone ........... ...... .24
Clays and marl$ varying from light gray to brown..... ... .._....... . ... 234
Hard band of light-gray clay ... .. .ueeei i iiaaa, 43
Drabandgreenishclays.‘..'-...-.-...---.-.‘_‘.....’ ................. e . 223 .
- Drabsandstone ... ool e, 2
Yellow, greemsh and light- brown marls; shadlng into maroon in the upper
portion..... ...l . e 38%
- .GTay 8andStONes . : i ceiiciiemaee e aaan 3
Bluish gray cla); D P
Bluish and drab clays 1nterstrat1ﬁed with yel]ownsh bands...oooeeoioi oL 384

Total thlckness feeeeceeceanliccecesesanemanaaad feeemeeene eeeeeeeaeman- 2343

a Bull. Geol. Soc. America, vol. 2, pp. 377-388. b Loc. cit,
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CHARACTERISTIC FOSSILS OF NIOBRARA CHALK (AY AND GREENHORN LIMESTONE (B), IMPORTANT GUIDES IN WELL BORING.

. Ostrea congesta; B, lnoceramus labiatus.
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- Dakota-Lakota formations.—The sandstones of these formations are prominent
features in the basin northwest of Guernsey, and constitute the higher part of.
the anticlinal range on the east side of Oldwoman Creek. The series is from -
250 to 350 feet thick, comprising hard, massive, coarse-grained sandstones which to
the north are separated by a succession of clays and thin-bedded sandstones,
believed to belong to the Fuson formation of the Black Hills series. In the sand-
stones there are thin, conglomeratic streaks, general cross bedding, and colors pre-
dominately buff to dirty gray. In the uppermost sandstone there is usﬁally motre or
less ironstone in thin layers and concretions. On the east side of Oldwoman '
Creek the Fuson formation is underlain by a thin bed of limestone, which plobably
| represents the Minnewaste limestone of the southern Black Hills. o
Benton group.—In the' basin northwest of Guernsey only the,(xraneros'member -
of this group is exposed to a. bhicknegs of about. 120 feet, but the entire group
is exhibited in the anticline on the east side of Oldwoman Creek, where the
lower formation (the Glaneros) consists of dark shales 800 feet thick at the
greatest measurement, but apparently somewhat crushed-and: faulted in vlaces, so
 that the full amount is not exhibited at all points. . A thin bed of hard sandstone
occurs about 100 feet above the base, a feature also' seen northwest of Guernsey,
- where this sandstone is the uppermost member exposed. Above the sandstone
there are dark shales with occasional thin sandstone layers, capped by the Green-
horn limestone, a member cons1st1ng of about 50 feet” of “thin-bedded impure,
~ liméstone, -weathering out in slabs of dirty buff color and* usually containing
large numbers of the chalacterlstlc fossil, Inoceramus labiatus. This member is
succeeded by the. uppermost member of the group, the Carlile, which ‘bas =
thickness of about 425 feet, and consists of shales of gray color, with occasional
thin beds of sandstone, and toward the top, contams a characteristic hOI‘lZOD of
- biscuit-shaped concretions.
L There are extensive exposules of the upper memberb of the Benton forma-
* tion on. the west side of the anticline on Oldwoman (Jreek the beds dlppmg
very steeply to the west. : : : s
Niobrara formation. -—Thl\ formation is. expoksed along the Oldwoman Creek’
anticlie. Its thickness is 250 feet, and the rocks consist of impure chalk and
limy shale, which are of lead-gray color in fresh-exposutes, but ‘weather to a
" bright, pale-straw color, a highly. characteristic feature which: renders the outerops
very conspicuous. The formation- contains .occasional thln layers of hmestone
filled with the characteristic fossil, Ostrea conqesm
Piorre shale.—This formation probably underlies the” Arikaree formation
along . the east side of the uplift from Iron Mountain station northward, and
doubtless also the western side of the -uplift north of Orin Junction, but it is
exposed only in the lowlands n01th of the foot of, Pme Ridge.. There it is

.



. / “
638 GEOLOGY AND UNDERGROUND WATER OF OENTRAL GREAT PLAINS.

found on both sides of the anticline of Oldwoman Creek, extendipg to Chey-
enne River and thence along the slopes of the Black Hills uplift. The beds dip
steeply along the Oldwonan Creek Valley, where a cross-sectior medsurement
gave‘ a thickness of 1,200 feet. The rocks consist of a monotonous series of
dark-gray shales, with occasional thin concretions, and, 200 feet helow the top, a
zone of concretions of limestone filled with Zwucine occidéntalis. As in other
regions, the limestone concretions.ot this upper zone weather out in characteristic
tepee-shaped forms, which have been designated tepee buttes.

The Pierre shale is overlain by the Fox Hills, and Laramie sandstones,’
which extend far to the north and west in the great basin lymg between the
‘Black Hills and the ‘Bighorn Mountains.

GEOLOGY OF THE LARAMIE FRONT RANGE.

GENERAL STRUCTURE.

" The -Laramie Front Range is composed “chiefly of schists and granites of
Algonkian and Archean age, against which lie the regular succession of upper
Paléozoic and Mesozoic rocks. Originally the front of the range was entirely
dovered by -the Arikaree formation, but now this formation has been removed
by-erosion in places along. the range, allowing the older sedimentary strata to
appear. There are still, however, wide areas to the north in which they are
hidden. Hayden mentions a locality at the head of Cottonwood Creek where
the limestone appears, and in the Report of the. Fortieth Parallel Survey Mr.
Arnold Hague describes the sedimentary rocks extending/ southward from the
head of Sybylee Creek. Between this creek and Iron Mountain station a pro-
jection of the schists of the Laramie Range extends northeastward along the
_axis of the Hartville uplift. '‘On the north side of this projection, in which
the schists are exposed for about 10 miles northeast from the main mountain
- mass, lies Sybylee, Valley; in which is a considerable area of Red Beds (Chug-
‘water formation), overlying Carboniferous limestone to the west and apparently
abutting against the schists to the east. Possibly the apparent overlap is due in
part to faulting. s : »

Near Iron Mountain station there are several flexures in which the Paléozoic
and Mesozoic rocks are extensively exposed, the station 1tself being on an antlclme
which extends southward diagonally out of the mountain. To the west of this
anticline there is a-narrow synclinal basin; exposing all of the rocks up to the
Benton. To the south for some distance there is -an interval in which the
Tertiary deposits abut against the ‘schists in the mountain slopes, but at Horse
. Creek and thence southward -to Lodgepole Creek there are extensive exposures of
the older sedimentary - rocks lying west of the railroad. On Horse Creek these
‘ rocks include all the formations up to and including the Fox Hills. - Southwest of
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A. LIMESTONES OF WHITE RIVER GROUP IN RED VALLEY, 8 MILES NORTHWEST OF HERMOSA, S. DAK.

B. CONGLOMERATE IN CHADRON FORMATION ON EAST SLOPE OF BLACK HILLS, SOUTH OF FAIRBURN, S. DAK.

View showing cross bedding.
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Islay a small area of granlte rises east of the small babln of (/cubomtelous limestones,
~ but the succession east of the granite is covered by Tertlary deposits. On Crow
Creek the gramte is, offset_to the east for some dlstance, and in Granite Canyon,
on the railroad, and thence southward to the Colorado line, thé succession of sedi-
" mentary rocks is exposed, comprising at the State line all rocks from the Carbon-
iferous ]irhestone to the Dakota sandstone.

» ¢ »

STRATIGRAPHY.

CARBONIFEROUS.

The following section was measured by Dr. W S. Tang1e1 Smith on the Chug-
water at Iron Mountain station, Wyomlng

Geologzc section at Tron Mountain statwn Wyommg

Feet,

Limestone 5
Reddish sandstone . 15
Limestone y 40

Red sandstone .. _..... SO SRR [ 25

. - Massive limestone......... PR, P U S &1
Reddish qﬁartzitic sandstone R SR U B 12
Massive gray hmestone 40
Quartzmc red sandstone conglomerate. RSO eean e eaans 25
Compact limestone. ..t .. ......... P, .. el lliiiiiiiiiiii: 2B

- Red, rather coarse-grained qandstone and medlum-gralned conglomerate ........ 25

Conglomeratlc quartzite, hght colored..._.-....-.-....‘-................' ...... 10
Granite. : . -

The lower sedimentary members in this section may possibly be older than .
Carboniferous, but no evidence on this point is obtainable, and the upper series of
85 feet, consisting of 1ed sandstones \Vlth 1ncluded limestones, probably belongs
in the Red Beds. .

In Horse Creek-Canyon, where the beds stand nearly Velmcal a thickness of
‘about 500 feet was measured. The basal bed is a sandy 11me<tone lying dlrectly '
. on the granite. The rocks are mainly hmestones, with several intercalated beds
of brown sandstone, as in- the Chugwater section. -

At Table Mountain, between North Crow Creek and Lodgepole (,leek the,

following séction is given by Mr. Hague:

‘Geologic section at Table Mountain, Wyoming.

Feet
Pink and cream-colored limestone, alternating with thin sandy beds ......_. ... 650
- Bluish limestone, highly siliceous................ et iaaacaiamaaana 650 -
. Conglomerate (thin bed) ......_.._. . .. 650
Gray and bluish sandy limestone .. ... ..._.... e e i 650
Red sandy limestone..... e e eieeaeaieanaaagenaas )
Pink sandstone . ............ DU il " 50

Gray sandstone, fine grained, but with some conglomerate, very compact....... 100
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_At Granite (J(mvon, ]ubt north of the Umon Paclﬁc Railroad, Mr. Hague

repOIts the followmg succession:

. ‘Succession of beds at Gmmte C’am/on, Wijoming.

Light-gray 'limestone, with sandy beds.
Massive blue limestone ‘

- Bright réd sandy limestone.
Reddish-gray sandstone, compact, fihe pebbles.

East of Signal Peak, 3 or 4 miles south of ‘the railroad, the following section

was measured by Mr. Hague:

~ — - . Geologic, section east of Signal Peak;- Wy:mning. -
: - e ‘ . ) Feet.
_Blue liméstone. . __.. e e e et . 300
i " Fine conglomerate (thin bed) .._............. e ettt 300
" iRed sandy limestone. ... .. ‘ 300
- Bluish-gray. limefstone. . ......... s . el - 400
.Red sandstone, limy near top. - . e ceeee- [ I - .. ceeeeeas 100

The sandstones are all somewhat limy and the limestones carry, more or less :

sand and in the heayier bedded rocks there frequently occur thin intercalated

sandstones and fine conglomerates. The lower sandstones vary from a hard rock

to a loose friable conglomerate, and all have a reddish tint. The upper sandstones

are generally coarse and of bright-red color. Many of the limestones are of dark

bluish-gray color, with bands of various colored beds. The upper members are

usually lighter in color, often pink and white. At Granite Canyon. the lower

limestone is dolomitic. The uppermost limestone and the bed immediately

underlying the red beds at Horse. Creek is a very ﬁne-graiﬁed homogeneous

rock of deep flesh-red color, and is a nearly pure dolomite. The red arenaceous

hmectone at the base of the limestone series appears to be a constant horizon.
The tossﬂs reported are as follows: Productus semareticulatus, P cora, -and
Seminula subtilita, the first being _the‘ most abundant. - These indicate that the
beds are upper Carboniferous, or ‘Pennsylvanian, doubtless representing part of
. the Minnelusa formation of the Black Hills or the Hartville limestone of the

' Ha.rtvﬂle Guer nsey” r region.
: " TRIASSIC (7)

(/%ugwater format@on ~The 1ed bed seriés on the Chugwater about Iron Moun-

" tain, as measured a short distance north of Iron Mountain station, has & thickness of -
between 700 and 800 feet in-beds dlppmg from 43° to 78°. The rocks are mbstlv red
sandy shales gladlng mto soft red sandstones Whleh in most of the beds contam

r".A 5
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A. CLOUD PEAK, THE CULMINATION OF THE BIGHORN MOUNTAINS,

View showing typical glacial erosion in granite. Cloud Peak and top of glacier shghtly to right of center distance. Looking west.

B. EAST SLOPE OF BIGHORN MOUNTAINS, FROM ACROSS WOLF CREEK CANYON.

Granite on left, overlain by Deadwood shajes and sandstone, Bighor hmestore (the most piominent ledge in distance), and Littlehorn limestone; beds
all steeply arched to right of center in distance.
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considerable clay. Their hrilliant red color is their most sfriking feature. Near the
middle of the formation are two thin layers of limestone, and at the base the follow-
ing section: R ’

o

Sectmn mst north of Tron Mountam station, Wyoming.

- N N . Feet.

Typlcal red beds. ... . il e eeeeeeaeaeaa- Many.
Brownish-red soft sandstone,’ massxve e e e 10
-+ Limestone, whlte massive. .. ... e [ e 5
Brownish-red sandstone, moderately soft, massive....... e R 40
Thin- beddedphmestone ..... e e eeeemmieieaceaaaan A, s 6
Reddish-brown sandstone - ... ..~ ....... e i 3
Limestone with Carboniferous fossils .. ... . ... . i Many

P

The Minnekahta limestone, probably, is not represented in Chugwatef Valley, a
most unusual feature, The brownish-red sandstones with-limestone layers in the
- basal series presumably represent the Tensleep sandstone. The top of the red heds
. on’the Chugwater consists of a massive bed of pale-red sandstone, a characteristic
- member from there southward to ‘and through Colorado. Gypsum does not occur
in the- sectlon on the Chugwater, but appears farther south. '

On Horse Creek.the Chugwater formation i is extensively exposed and the follow-
ing sectlon was-measur ed across vertlcal strata ;

Section on. Hovse Creck, Wyoming.

: ! : " Feet
Pale reddish-brown, massive sandstone. .. ... ... . . .iiiiiiiiiiiiaiaannn 40
Bright-red sandy shales and soft thin- bedded sandstones. ... . ... .......... 700
White limestone, massive............... e ___________________ 5
Bright-red shale ......... B R LL ST PPOPREPPRE e eemeaeeae [ +. 100
Porous sandy limestone . .. . oo uea e e 4+
Bright-red shale ___ ... _..._. e S 70
Limestone, sandy and massive above thin-bedded and purphsh below ....... © 20
Bright-red shales and sandstones. ... Tl ceeeene-- 260
AU le pole-reddish, massive, soft SANASEONE. - <. oo oo ioieeeoeeno .. feeeie R 20
White, hard, massive limestons. . ... . ceoeoeoooooo... s . B
Pale reddisti<brown; iassive, soft sandstone . ........ et 40
Massive limestones, Carboniferous ........ e Many.

‘The 20-foot limeetohe bed in this'secti/on gives rise to a conspicuous ragged wall
rlsmg 90 feet or more on the red-shale slopes. ~ The whole strongly suggests Min-
nekahta limestone with red Opeche beds below. The basal sandstone bed, 60 feet. B
thick with the included 5- -foot hmestone layer, is similar to the basal series on Chug- -
water Creek and probably represents the Tensleep sandstone ‘ :
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Sundance formation.—This formation extends all along the foot of Laramie
Range in \Vyomi'ng and is exposed on the Chugwater about Iron Mountain station,
on Horse Creek and for some distance southward, and near the State line. Near
Tron Mountain station it is well exhibited, consisting of an upper series, 30 feet
thick, of soft slabby sandstone, gray at the base and buff toward the top, with ripple-
marked ]ayels and much intercalatéd shale; and of a lower series, 50 feet thick,
mostly.of green to gray shale, with layers of soft, thin-bedded, g1een1~h gray
sandstones, lying on the red beds of the Chugwater formation, °

In.the vicinity of Horse Creeck the exposures are not plain, but at the base
are seen about 30 feet of greenish-gray sandy shales, overlain by 10 feet of bright,
buff-colored sandstone, capped by the Morrison formation.

CRETACEOQTUS.

.Jl[orm'son' Jormation.—The Morrison beds are exposed extensively on the
‘Chugwater, to some extent on Horse:Creek at the head of the Lodgepole, and on
 head branches of Boxelder Creek near the State line. The rocks are mainly
shales with- several limestone layers, especially in the lower members, Much of
the material is a *‘joint clay ” or a massive shale of pale, greenish-gray tint, and
some beds in the middle of the -formation present bright maroon and chocolate
colors. There ave several limestone layers in the lower 50 feet of the formation,
varying from a few .inches to 3 feet thick. In one of these, near Iron Mountain
station, as in other districts,” many remains -of fresh-water algee were observed.
The thickness on the Chugwater and near Horse Creek is 300 feet.

“ Dakota® sandstone.—The Morrison formation is overlain by sandstone, whlch
gives rise to distinct hogback ridges. The thickness of this sandstone varies from
100 to 150 feet in.greater part, but is much less at.some points. At the bottom there
is usually more or.less conglomerate, grading up into buff sandstones, massively
bedded, and often more or less cross-bedded, a member which probably corresponds
to the Lakota sandstone of the region north. It is overlain by clays with thin sand-
stones, capped by a series of hard, massive, buff sandstones of typical . Dakota
aspect outerepping in promlnent cliffs and contalmng more or less ironstone in
streaks and concretions. Near Horse Creek the Dakota sandstone is less conspicu-
-ous -than the sandstone in the Benton, owing partly to its diminished thickness and
partly to its being less hard. - _ : . ’

Benton group.—The Benton rocks are éxposed to a moderate extent on the
Chugwater near. Iron Mountain,station and on Horse and Lodgepole creeks. They
consist of about 1,200 feet of dark clays, hard and fissile below, lighter colored and



U. 8. GEOLOGICAL SURVEV PROFESSIONAL PAPER NO. 32 PL. XXVl

/

CANYON OF TONGUE RIVER BIGHORN MOUNTAINS, WYOMING,

Snowing Littlehorn limestone with characteristic castellated erosion forms and canyon walls. Looking west, upstream.,
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softer above, with a conspicuous bed of hard sandstone about 150 feet abdve their base.
The grodp usually is separable into Graneros shales, Greenhorn limestone, and
Carlile formation, but the Greenhorn limestone is very thin and not everywhere
recognizable. The sandstone in the Graneros is well exposed north of Iron Mountain -
station, having a thickness of 25 feet and rising in a conspicuous minor hoghack
outside of the Dakota hogback. Tt lies on 140 feet of dark shale. Above it are
50 feet of dark shale, merging upward into the series of hard gray shales and thin-
bedded sandstones, weathering light gray and filled with fish scales, that is so con-
spicuous along the Bighorn and Black Hills uplifts. The Carlile beds near Iron
Mountain station contain thin sandstone beds and numerous concretions near their
tops, which present the usual sandstone layers. Near Horse Creek station the con-.
cretions in the upper part of the Carlile beds, about 40 feet below the basal massive
" limestone of the Niobrara, contain Prionotropis, an occurrence of this characteristic
form similar to that in other districts. The following section gives the succession
of Benton rocks in the slopes west of Horse Creek station: ‘

Geologic section of Benton beds west of Horse Creek station, Wyoming.

- - Feet,
- Niobrara._..... Limestone. . . .
Black shale -...f..ieoeiioeiiiiii e SV .10
Carlile ....... Sandstone and sandy shale . ... ... e S 20
Gray shales, with coneretions containing Prionofropis near top .. 200
" Greenhorn. ... Sandy limestone with Inoceramus labiatus. . ... .. ... o.oo... 3}
Shales, dark and fissile below. - ... ooo.oiliiiii s 450 .
Hard shales and thin-bedded, hard sandstones, weathering light i
- Graneros . ... gray, with fish scales (Mowrle beds) -eeeiaeniiaa e L. 80 ‘
+"|Dark shale .........o......... A AR e - 30,
Hard coarse sandstone, massive....._.... e eeeeeaanas s 25
Dark shales, fissile tosoft ... ....._ .. ... e s 150 -
Dakota - ....... Sandstone, buff, coarse, mos stly SOt~ ot U 204

Some of these measurements are uncertain, owing to talus or to crushing, for
the beds stand nearly vertical. The 25-foot bed of hard saudstone in the Graneros
formation rises in a sharp hogback, more conspicuous than the Dakota ridge, which
is there very slightlj ainarked mﬁng to the\ thinuess and softness of the rock. The
hard shale, weathering light gray, beginning 30 feet “above the Graneros sandstone .-
(\Iowne beds), is the characteristic horizon so conspicuous in regions farther north.

Niobrare, formation.—This formation, appears in the vicinity of Horse Creek
and on the Chugwater northeast of Iron Mountain qtatlon -1t consists of lime- .
stone and.impure chalk, grading into limy. sl]ale and "having all the typical
features which it presents in Colorado. Tts basal membel is a 'soft, light-gray,
massive limestone, filled with the typical Jnoceramus deformis, and there are two
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other beds of limestone above, separated by limy shales. At the top is the usual
chalky bed, which weathers to a bright-straw or pale-ocher color, and contains
thin limestone masses consisting of colonies of Ostrea congesta. The thickness of
" the formation is 875 feet on Horse Creek and somewhat less on the Chugwater.

Pierre shale.—The Pierre shale appears extensively for some distance on
both slopes of the Horse Creek and Chugwater valleys, in a zone approaching a
half mile in.width in some places. As the beds dip nearly &ertically, this indicates
great thickness. All the material is dark shale, containing occasional calcareous
concretions with typical fossils. -

Fow Hills formation. The Fox- Hills beds outcrop along the railroad just
.north of Horseé Creek station and possibly at other points in the valleys. The
formation consists of soft -impure sandstones and sandy clays with an incipient
concretionary structure. No fossils were observed and the beds are plovmonalh
clas>1hed as Fox Hills because of their sandy charactel :

PALEOZOIC AND MEbOZOIC GEOLOGY OF EAbTERN COLORADO.

GENERAL RELATIONS.

The eastern halt of Colorado is underlain by an e:itensive series of sedimentary
formations from Cambrian to Tertiary in age. They are in widely extended sheets, .-
which lie nearly level under the plains, hut are upturned steeply against the front
ranges of the Rocky Mountains. The largest surface areas are the later Cretaceous
and Tertiary formations, the lattex coverlng most of the region north. The genelal
“structure of the region is indicated in sections 6. 7, 8, and 9, Pl. XI. From these it
will be seen that there is a genelal steep monoclinal dip along the mountain front
into a basin east of which there is a low arch extending to and beyond the east line
of the State. The broader structural features are shown in Pl. LVIII, which shows
the contour of the Dakota sandstone. In the southeastern portion of the State the
principal arch east of the main nplift is an anticline which extends southeastward
from the Greenhorn and Wet Mountain ranges and passes under the Mesa de Maya.
By this uplift the Dakota sandstone is brought to the surface over a wide area south
of Arkansas River, especially in localities where there has been deep erosion by the
" .transverse streams. The deep basin, west of Trinidad passes diagonally to the north-
west behind the Greenhorn Mountain range, and -the Florence basin lies in a shmp‘
" depression betweén_the.southern prolongation of the aﬁticline of .the Pikes Peak
range and that of Wet Mountain, which coalesce a short distance southwest of Pueblo.
- It will be seen from these As‘lcate‘menf;s that the monocline of the Rocky Mountain
‘: front is by no means continuous throughout. North of Denver it presents some

“small oﬁsets of which a series of three en echelon are’ ﬁnely exposed west of -
. C
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A. TYPICAL CROSS-SECTION VIEW OF EAST SLOPE OF FRONT RANGE OF BIGHORN MOUNTAINS, WEST OF
SHERIDAN, WYO.

Grarite to left, overlain by Deadwood beds; knob capped by Bighorn limestone; plains of Laramie formation in distance to right.

B. EAST SLOPE OF BIGHORN MOUNTAINS, WOLF CREEK, WEST OF SHERIDAN, WYO.

Showing granite in gap and Deadwood to Sundance forrrations, Tensleep sandstone on slope; Chugwater red beds in valley; cliffs to right capped by
Sundance beds (over tents).
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A. EAST SLOPE OF BIGHORN MOUNTAINS, ON NORTH SIDE OF WOLF CREEK. NORTHWEST OF SHERIDAN, WYO.

Hogback of Cloverly sandstone; slopes of Morrison formation to left.

B. EAST SLOPE OF BIGHORN MOUNTAINS, AT ROCK CREEK, NORTHWEST OF BUFFALO, WYO.

Limestone layer in Red Beds; dips nearly vertical; Tensleep sandstone to left; granite in distance, brought up by cross fault.
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Greeley. These are insignificant compared with the great offsets due- to the A
south-pitching anticlines at the southern end of the Pikes Peak and the GGreenhorn
Mountaifi. ranges, which extend transversely to the southeast out into the plains.

<

STRATIGRAPHY.

The sedimentary formations in eastern Colorado maintain great uniformity
throughout their course, but occasionally present certain regional variations which
" are.of importance, particularly in the lower formations, some of which occur only in
limited areas. -The principal variations of this class are due to the fact that there
* are numerous embayments and protuberances in the floor of granites on which the
sedimentary rocks lie, giving rise to overlaps of various kinds. Two of these pro-
tuberances west of Denve1 have been described by Eldridge,* who found that they
not only cut off some of the lowermost formations, but also mark zones of movement
on which uplift has taken place at various times, as indicated by the local absence of
some of the formations at different horizons. W.T. Lee has found similar relations
in the vicinity of Perry Park southward, and they exist in the great Manitou
embayment west of Colorado Springs, where several hundred feet of the older
formations are present in a local basin overlapped hy later beds on either side.
South of this embayment the granite mass of Cheyenné Mountain extends to the
east for several miles diagonally across the edges of several thousand feet of nearly
vertical beds, a relation which indicates a great fault, some features of which have
been described by Prof. W. Q. Crosby. This-fault extends to the Pierre shale,
which ‘appears to lie against the granite for some distance south. In the ‘deep
embayment northwest of Pueblo all the formations again appear, from Cambrian
to Laramie, with various overlaps and considerable faulting. It is stated that south
of Florence the Laramie beds are faulted into contact with the granite. Southwest
-of Canyon the progressive overlap from Silurian to Morrison onto the granite is-
clearly expo/sed. There are numerous overlaps southwest of Wet' Mountain, which
indicate migrations of shore lines along relatively steep granite slopes at various
- geologic periods. Southwest of Denver there is also more or less overlap of the
Laramie and overlying formations beyond the edges of lower strata, reaching the
granite for some distance along the Arkansas divide. There appears to be a similar ‘

overlap on the west side of Wet Mountain range.

3

X aEldrxdge,' G. H., Mon. U. S. Geol. Survey, vol. 27, 1696.
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Table of Paleozoic and Mesozoic formations of eastern Colorado.
Age. Formations, Principal character. - “ Thickness.
I —
Feet.
) Denver............ Conglomerates, sandstones, and clays. 1, 450
Tertiary .....cocoveenn.- Arapahoe_......... Clay on thick basal series of Longlom- 800
erates.
Laramie ... ........ Clays, with sandstone layers and coal 1,000
_ beds. :
Fox Hills.......... Sandy shales, with sandstone at top. -| 100-1, 000
Pierre coooeenennn-. Dark shales, with local sandstone | 1,500-7,5007
layers,
Niobrara .......... Light-colored soft limestones and : 350-700
limy clays.
Cretaceous. . ........ ...|)Carlile .. o......... Dark shales, with sandstone, at top... 200
' Greenhorn......... Slabby limestones. .. ................ ' 30
Graneros .......... Dark shales, with local sandstone 400-500
layers in lower part.
“ Dakota’._....... Gray sandstones, sometimes conglom- © 100-350
eratic; fire clay in middle. -
Comanche series ... Soft sandstone and sandy clay ....... 20 -
Morrison .......... Gray to maroon “‘joint clay,” with ! 200
) - limestone and sandstone layers. )
Triassic (?) or Permian .. Uppgr Wyoming | Bright-red sandy shales, with thin 400
(Chugwater). limestone layers and gypsum; red- -
@ dish sandstone at top.
Pennsylvanian.. . ....... Lower Wyoming | Coarse red sandstones and conglom- 600-1, 200
(Fountain). erates.
Lower Mississippian. .. .. Millsap .c.aooennnn. Gray and purplish limestone......... 30-200
Fremont........... Gray to pinkish dolonnte, uneven 100
grain.
Ordovician ............. Harding ... _........ Fine, even-grained. gray to pink sand- 100
- stone, some shale.
Manitou .. ........" Reddish dolomite.:_ .. .. .. ..... 100-270
sCambrian - ... ...l ool Reddish sandstone.... ... ... ... 40-100 .

CAMBRIAN,

Rocks of Cambrian age underlie the Ordovician limestones in the Manitou

“embayment west of Colorado Springs and in a small area ‘north of Canyon.

Elsewhere along the Front Range post-Cambrian rocks appear to lie directly on the

old granites or schists, the most extensive development being found on Trout

Creek, in Manitou Park, where Dr. A. C. Peale¢ gives two sections having_thé

following succession: .

aHayden, F.V.,'S

eventh Ann, Rept, U.S. Geol. and Geog. Surv. Terr., 1873, p. 208.
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Sections on Trout Creek, Manitou Park, Colo.

I 1.
. ’ e Feet. | Feet,

Pink limestones...... . L

o } 54| 60
Blood-red calcareous sandstones...... ... . .. LLiLliiiiiiiiiiieioion
Greensandstone. . .............. e N 4 3
Dark purplish-brown sandstone _........._. 16 13
Pinkish sand8tone. ... oo e et 3 : ‘65
Yellowsandstgne ............ e eeeaaa ] ' } °.
Granite. o

Fossils found in the red sandstone near the top are Lingulepis and Obolus, and -
from the top limestone were reported Orthis cf. desmopleura and Euomphalus,
Asaphas, (Zl[egalasy%a), Conocoryphe, Lingula, Bathyurus and Paradowides or
‘Olenus, a mixture of Cambrian and Ordovician forms, . C. W. Cross ¢ visited
this area and from East Branch of Trout Creek obtained fossﬂa which were identified
-by Mr. C. D. Walcott, as follows: ‘* From ‘reddish-brown sandstone 45 feet above
the granite, Lingulepis sp.?, an elongate form allied to L. pinnxformis of the
Potsdam of Wisconsin.” . ) . )

From red calcareous sandstone, alternating with white limestone farther up, an
Ordovician fauna was obtained. A similar basal sandstone series, which appears
at Manitou and extends for some distance north along the west side of the Garden
of the Gods to beyond Glen Eyrie contains upper Cambrian fossils. According to
W. T. Lee, a quartzite, which is presumably of the same age, appears on Deadman
Creek. The basal quartzites and immediately overlying cﬁerty limestone of the
Garden Park area are of Cambrian age, the cherty limestones having yielded an
upper Cambrian trilobite, Ptychoparia. A section of basal beds west of Colorado
Springs is given as follows:? ‘

Geologic section west of Colorado Springs, Colo.

Feet
Brick-red sandstone, with green layers _..._. e 20
Coarse gray sandstone........ R 6
Coarse dark-green SANASEONIC - o o\ e e e e 4
. Coarse grayish-white‘sandstohe P LETETEETT PR PR TP e 26

Granite.
This series vielded no fossils here, but it underlies Ordovician (Manitou) lime- ‘
- stone, as in Manitou Park, and a‘few miles farther north: yielded fossils of upper
Cambrian age. ' S

a Emmons, 8. F., Mon, U. 8. Geol. Survey, vol. 12, 1886, p. 62.
bHayden. F. V., Seventh Ann, Rept. U, 8. Geol. and Geog. Surv. Terr., 1873, p. 201. -
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ORDOVICIAN.

The only Ordovician rocks which reach the surface on the eastern side ‘of
"the Rocky Mountains are some limestones and sandstones that lie in the Manitou
embayment,.Trout Creek Valley, Perry Park, and in the district extending-from
Arkansas River north for some miles in the vicinity of Canyon. -

In these localities the deposits, as above mentioned, usually lie on a thin
mass of Cambrian sandstone or quartzite, but sometimes they overlap on the
granite and schists. In the Canyon district the Ordovician is represented by the
* Manitou limestone, Harding sandstone, and Fremont limestone. These have been
described in detail by Mr. C. D. Walcott,* mainly in connection with the occurrence
of fish remains, and by Dr. W. C. Cross in describing the region northeast of Canyon
in the Pikes Peak folio. The following members are described by Doctor Cross:
l  Manitov limestone.—This limestone is extensivély exhibited in Oil Creek
Valley, Garden Park, where it consists of fine-grained pink or reddish dolomite
less than 100 feet thick. It occurs also in the Manitou région, where it contains
Ojln'leta, Camerella, and other characteristic Ordovician fossils.

Harding sandstone.—This formation consists wainly of fine, even-grained,
granular sandstone in alter nating bands of light-gray and pinkish or Variegated'
colors, with a few. bands of dark- ved or purplish sandy shale, having a maximum
thickness of about 100 feet. The lower part is sometimes calcareous and-develops
laterally into a thlnﬁne-glamed dolomite. This formation contains fish remains
" at the Canyon locality.  In Garden” Park the sandstone -vests with apparent
qonformitjz on t}]e- Mani.tou lirhestone, but to the southeast it overlaps” on the
basal sandstone and n_éal' C“anyon\ on the gneiss. At Canyon the formation is
86 feet thick and consists of gray, reddish, and ‘purplish-brown sandstone and
shales with many“fos»ils of early Trenton age. A small outlier of sandstone,
appalentlv of th1s formation, is mapped by Gilbert, underlying the Millsap
‘ ((JalbOnlfQIOllb) limestone in-the slopes west of Beulah - .

Lremont limestone. ——Overlylng *‘the Harding sandstone with apparent con-
formity, there occurs a blulsh -gray or pinkish dolonnte of uneven grain, sometimes
arenaceous, which gives rise to- very rough weathered surfaces.” Tts thickness in
Garden Park is about 100 feet,”but increases southward to a maximum of 270
feet near Canybn,"pa'rtly throngh . the development of .an upper fossiliférous
member. In Garden Park it is characterized especially by the coral Halysites
caterdlatus, and- also contains a molluscan fauna like that of the upper Trenton
in New York. It appéarsvt(‘) be restricted to a small area in Garden Park and
vicinity and a nar oW, _outerop extending southward past Canyon. These formations
all end a sh01t dlstance southwest of Canyon by overlap of later deposits.

o Bull, Geol. Soc. America, vol, 3, pp. 153-167.
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CONGLOMERATE IN LOWER PORTION OF LARAMIE FORMATION, NORTH SIDE OF ROCK CREEK, NORTHWEST OF
BUFFALO, WYO.

Conglomerate, largely of Deadwood, Bighorn, and Littlehcrn matenals, limestone and granite in Bighorn Mountains in distance. Looking west.
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At Manitou and for some dlstance nmthwald and in Trout Creek Valley
(Manitou Park) thére are other areas of Mamt,ou limestone underlying the red
beds. On Trout Creek this limestone has yielded distinctive Ordovician fossils,
as noted ou page 77. o

Doctor Peale gives the followmg section of the exposmes of Manitou limestone
and associated formations+en Camp (Jreek, at Glen Eyrie:*

Geologic section of basal rocks near Glen Eyrie, Colo.

Peet

Carboniferous (%) ..Gray, purplish, and yellow limestones . .............oouee.. 297

Red shaly limestones, with fragments of Ordovician fossils.. 4

. Limestones with interlaminated shales ................._.. 7

_ Red limestone with flint nodules .- ..................._... 7

. Red limestone ... .. .o couioiaaao... e 2
Ordovician ... ... .

. Red -shaly limestone. . ... oot 1

Red limestone .........._... ....... 1

Irregularly laminated limestone._.. ... .. .. . .. ... ... 3

- ’ . Red and greenish limestone ....... ... . ... ...l 5

Brick-red sandstone with green layers.................... 20

Combrian ... ... Coarse gray sandstone......... SRIEIIIEES L. L8

: Coarse dark-green sandstone............ et 4

Coarse grayish-white sandstone........ e 20

Granite. -

- On Deadman Creek, 6 miles south of Perry Park, a small outlying area has

-Ween investigated by Mr. Willis T. Lee.” The rocks are cherty limestones in

“

layers interstratified with red clay, overlying a few feet of deep-red quartzite of
supposed Cambrian age. The fossils obtained were examined by Doctor Weller, .
who found the best preseérved specimens to be Dalmandlia testudinaria of Ordo-
vician age. A second exposure of this limestone, similar to the first, occurs in
thé southern portion of the Perry Park area at the head of the eastei‘nmost
prong of West Plum Creek, as noted by Doctor Peale of the Hayden Survey.
Mr. Lee found no fossils at this locality. .

Silurian and Devonian rocks appear to ‘be entirely lacking. in  the Rocky
Mountain Front ‘Range, although - possibly they were laid down in the region

B and afterwards removed by the Vlgorous erosion plecedlng the Carbonlferous

deposition.
- - - - CARBONIFEROUS- TRIASSIC.

J[zllsap Timestone and Wyoming formation.—Along the Fxont Range in Colo-
rado there are three series of deposits replesentmg, respectively, the Carbonifer-

“ous, probably the Permian, and possibly the Triassic.. The lowest of these .is a

aLoc. eit., p. 201 :
- bLee, W.T, Geology of the Castle Rock reg]on Colorado ‘Am. Geologlst vol. 29, pp. 96-97.
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limestone—the Millsap—containing a lower Carboniferous taum, which outcrops
“in a few small areas and is separated from adjoining formations by an erosional
unconformity. Next comes an extensive series of sandstones predominately of red
06101', which to the north and to the south in part merge into and in part overlie
Jlimestones with an upper Carboniferous fauna; this series comprises the lower
Wyoming formation of Eldridge, which is the Fountdin formation of Cross and
(tilbert and the Badito formation of Hills, The third or uppermost member (the
upper Wyoming of Eldridge) consists mostly of fine-grained red shales and sandy
shales, with deposits of gypsum and thin beds of limestone, which are believed to
represent the southern extension of the Spearfish and Opeche red beds and included
Minnekahta Iiniésfpne of the Black Hills and dther regions.

The-lower . Carboniferous, or Millsap, limestone outcrops in detached basins
" in Perry Park, about Manitou, and in the district north of Canyon, and to a
limited extent near Beulah, southwest of Pueblo; possibly there is a continuous
sheet of it out under the Plains. It is everywhere distinctly separable from the -
overlying and overlapping red beds.

The Fourntain, or lower Wyoming, formation extends for many miles along
the Front Range, lying directly on the irregular surface of the crystalline rocks
for the greater part of its course. The upper Wyoming, or gypsiferous red
beds, appears not to extend quite to Arkansas River, although probably it 1eappeala"
again farther south and southeast.

The upper Carboniferous limestone, which is found in the northern portidh
of the Front Range near the Wyoming State line and in the Culebra Range,
appears to mergé into the Fountain red beds, which I believe are precisely
equivalent to the lower Wyoming of Eldridge and the Badito formation of Hills,
and represent the Amsden formation and overlying Tensleep sandstone of the
Bighorn Range and the Minnelusa formation of the Black Hills. The gray sand-
‘stone which generally marks the summit of these lower red beds appears to be
the same as the Tensleep sandstone of the Bighorns and the sandstone which
usnally occurs at the same horizorf (upper Minnelusa) in the Black Hills.

Upon this sandstone there lies the principal upper series of red beds, the
upper, Wyoming of Eldridge, a formation clearly separable in the Front Range
zone in central and northern Colorado. This series has been found to contain,
near its hase, a persistent and characteristic layer of limestone, usually very thin
in Colorado, which separates a thin series of fine-grained red beds below from
a thick overlying mass of fine-grained gypsiferous beds above, presenting pre- ‘
cisely the succession of Opeche and Spearfish red heds with intervening Minne-
kahta limestone found in the Black Hills and in eastern Wyoming. This
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NATURAL BRIDGE IN TENSLEEP FORMATION, LA PRELE CREEK, SOUTHWEST OF DOUGLAS, WYO.
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sequence is clear at Laporte, Liyons, Boulder, Morrison, Perry Park, and the Gar-
den of the Gods, in Colorado, but, approaching Arkansas River; the region of
the typical Fountain formation, this upper gypsiferous series appears to thin and
end. Probably it is represented again farther eastward in the canyons of the
Purgatory, Cimarron, Muddy, and other streams by the occurrence of >gypsifel'0us
beds between the Morrison “formation and- the coarser-grained red sandstones
believed to represent the Fountain formation.

The age of this upper series of red beds is not definitely known. It has
usually been regarded as Triassic for the reason that some known Triassic beds

classitied the lower Wyoming beds as Triassic and the upper Wyoming, together
with the overlying Morrison, as Jurassic. From fossils found in the Minnekahta
limestone in the Black Hills region, a horizon which appears to be continuous
through the lower  portion of the upper Wyoming beds in Colorado, it is
believed that at least the lower third of these beds is Permian, but even if this
be the case the upper portion may be Triassic and represent either all or a part
of that period. ‘At their top there is' an unconformity which may represent
Triassic timé_together with Jurassic, as Jurassic beds are absent to the south.
Southward from Colorado Springs, where the upper W;roming beds appear to be
absent, this unconformity at the base of the Morrison comprises all Permian,
Triassic, and Jurassic times.
~ Some features of the Carboniferous deposits and *‘red.beds” in eastern Colo-
rado are as follows:

In Boxelder Valley, in the foothills of the Rocky Mountains, at the Wyoming
State line, there are exposures of limestones containing Pennsylvanian fossils,
overlain by fine-grained gypsiferous red beds of the Chugwater formation, which

“in“tirii “are capped unconformably by the Sundance formation, or marine Jurassic.

These upper red beds continue far to the south, but the Pennsylvanian limestone
rapidly gives place to coarse sandstones; mainly of red color, which extend-for
many miles south as the basal member of the sedimentary series. These coarse
beds are always sepalated from the Chugwate1 formation by a sandstone which
overlies the Pennsylvanian limestone in Wyoming, where I have designated it
the Tensleep sandstone. This sandstone is mostly a fine-grained regularly bedded
rock from 50 to 200 feet thick, varying in color from gray to red. I believe it to
be an important horizon marker. The most northern exposures that I examined
in Colorado were in Owl Canyon, which is a small branch of the Cache la Poudre
10001—No. 32-~05—6 ' '

el mF o

.west of the Rocky Mountains consist of similar rocks. The Hayden Survey -

a
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drainayze tha,t is followed b} the old main road. flom Denver to Laramie. The-
sectlon is approximately as follows - , -

.

-

Section of red beds at Owl Canyon, 17 miles nortim‘esi of Fort Collins,. Colo.

Gray shale and buif sandstone with. Juraqsm fossils. Feet
. Chugwater formatlon . L o .
Massive pale- red sandstone, partl y cross- bedde d ...... teteeann eeaaan 404 )
Red sandy shales with gypsum at.top and thm hmestones near bottom -... 200+
Gray limestone, in part thin bedded........ .; ............................ 5
Red sandy shales w vith seéveral beds of gypsum near bottom ..... e haeeaaa 120
Gray cross-bedded sandstone ... ..'-. Femeiiioas - _ R [P £
‘Red sandy shales with two thin layers of limestone -....... P ceeoen 150+ .
Pink sandstone moqtly fine gralned regular bedded (Tenwleep) S ee.. B0
Fine-grained light-gray limestone ...........t. ...l P el 20+
Reddish sandStone . - -« 2o nenen ieneeee e eeeeneaan e L 25
Fine- -grained nloderately light-gray hmeqt/one SO 15 A
-Reddish to buﬁqandstone.,-..-.‘.,.,..‘ ........ A SR 1]
 Limestone. .. .....oeeeeen - e il 8
" Coarse red sandstone with red shale. . .o ooooeioe .. SO i 150
“Coarse reddlsh and gray conglomerate..'..'.'.'._.'.-.L..........;_-..V.-.‘-...._.‘;‘ 100

" Granite,

The massive reddish sandstone at the top of the Chugwater formation in this .
section-is a feature which extends southward to beyond South Platte River. It
.is overlain uncomformably by.the marine Jurassic at the north* and by the
Morrison at the south. The. underlying series of gypsiferous red shales of the
Chugwater formation contains a local bed of coarse sandstone, which is unusual, .
and a prominent limestone horizon, whlch is believed to represent’ the Mlnnekahta
limestone of the region nor,t‘h. - As above stated, the 50-foot bed of pinkish sand-
stone-next below probably represents the Tensleep horizon. The underlying red™
beds contain the southern extension of the Pennsylvanian hmestones, which were

traced south to beyond Bellevww, where. they gradually thir out. .
_ In anothe1 section measured a short distance northwest of Laporte I found. tho
features to be very similar.to those given in the above section. The supposed rep-
" resentative of ‘the Tensleep horlzon is prominent, overlain by about 150 feet of soft -

. red shales on which there is a series of limestones 30 feet thick. - This series consists

_ of a bed of massive limestone at the base, then. red limestones and shales alternatmg, -
and at the top a 10-foot bed of limestone almost- premsely similar i aspect and-
relations to the. Minnekahta limestone of the Black Hills and at the north end of the
Laramie Mountams Above are several hundred feet of typmal red sandy shales
of the Chugwatm red ‘beds, surmounted by .60 feet of pinkish red sandstone, mostly
massive, extend1ng»t0'the\unconformlty;at the base of typical Morrison beds.. - Mid- -
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A. EAST END OF CASPER MOUNTAIN, SOUTHEAST OF CASPER, WYO.

Typical slopes of Tensleep sandstone 10 left, Red Beds come in to left over house; great fault above corral, where Pierre shate abuts against Tensleep
sandstone. Looking west.

B. VALLEY OF MUDDY CREEK, AT EAST END OF CASPER MOUNTAIN, SOUTHEAST OF CASPER, WYO.

Slopes of Tensleep sandstone on right; hogback of Dakota and associated sandstones on left. Looking south, up creek.
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way in the red shales below the limestone is a thin hed of gray sandstone, which
continues south from the Owl Creek Canyon section described above.

The ‘‘ red beds” in northern Colorado were first examined in detail by Mr. A. Mar-
vine, of the Hayden Survey. He states® that their thickness is from 2,000 feet to
possibly as little as 400" feet, and_ that they vary from coarse grits'and moderately
coarse sandstones, usually cross-bedded, to fine-grained and shaly layei's; the latter
are iijtercalated to some extent among the former and also constitute a separate upper’

".portion of the series. Dark red is the prevalent color, although light-red and yellow
layers are frequent. They lie on an irregular surface of granite and many of their

variations in thickness are due to the absence of the lowermost members, for theve - °

" is usually an overlap of the higher béds to the west and much lateral ‘overlap and
 variation locally. On Little Thompson Creek the following section is given :

Section of Red Beds on Little Thompson Creek, Colorado.

Feet.
Soft, rather massive, sandstone .. ... .. ... . oo il aa.. 100
Soft, red, shaly sandstone with cherty limestone near the base.............._.. 250
R . Massive red sandstone constituting the top of the principal inner hogback ..« ... 250
Soft, red, shaly sandstone. . e L 260
Soft, massive, red sSandstone . ... ... iii i ireeaaaa 110

Coarse granitic sandstones and conglomerates, white and red.......... ceeaas 125
Granites and schists. :

The upper 350 feet are placed by Marvine in the Jurassic and the lower portion
in the Triassic. The top member is a pinkish.and gray sandstone, a characteristic
' feature in the region west and north of Denver, everywhere unconformably overlain
by Morrison beds. The next underlying series, consisting of soft, red, shaly sand-
stones, are also characteristic upper Wyoming beds, including the limestone layers
near the base. This limestone was examined at several points in the region and found
to resemble very closely the Minnekahta limestone, a horizon which it is believed to
represent. The massive red sandstone in the middle of the section is strongly sug-
gestive of the Tensleep sandstone of the Bighorn region, except’ that it is reddish.
Generally it is parted into two or three prominent layers, with thin shaly strata.
It abruptly gives place above to the soft red shales of the upper Wyoming beds.
To the south the lower beds hecome heavier. Toward Lefthand Creek the series
“thickens slightly, the top member contains much yellow sandstone, the shales diminish
. in amount, and the lower beds are less conglomeratic, characteristics which continue
‘to Boulder. It is reported that chert pebbles in the lower red beds contain lower

Carboniferous fossils.”? ' A
There are extensive exposures of the red beds at Lyons, clearly illustrating the
stratigraphy. At the base, lying on the granite, are several hundred feet of coarse,

aSeventh Ann. Rept. U. 8, Geol. and Geog. Sury. Terr,, 1873,
bGirty, G. H., Carboniferous of Colorado: Prof, Paper U. S. Geol. Survey No. 16, 1903, p, 226.
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arkosic, red sandstones'with some gray mottlings and gray layers. These are capped
by 80 feet or more of fine, even-grained, pale-reddish sandstone, in part thin hedded,
which is extensively quarried. It weathers into ridges and is believed to represent
thie Tensleep sandstone of the Bighorn region. It is overlain by the usual soft, red,
sandy’ shales 'of ‘the typical upper Wyoming in the following succession:

Section of the Chugwater formation al Lyons; Colo.

Red and green “ioint clays” (Moriison). fect
Talus - oeeeeeeeiieeann e e e e et 25
Buff and yellowish-buff sandstone. ...o. ... .. . ... ... "30
Dirty red sandstone..._....... e e e e e 30
Redsandy shales . ... ... .l e 200+
Limestoue, thin-bedded (Minnekahta?) ... ... _....__......................... 15
Red shales or sandstone .. ... ... Ll 80

The thin-bedded limestone, which is very similar to the Minnekahta limestone of
the Black Hills and central-eastern Wyoming, yielded a few poorly preserved fossils,
which unfortunately afforded no decisive evidence as to the age of the beds. They
comprised a small gasteropod, supposed to be Natice or Naticopsis, and some small,
indeterminate pelecypods, which may be either Triassic or Carboniferous.

Tu the steep-dipping beds west of Boulder a thin bed of similar limestone occurs
70 teet above the top sandstone (Tensleep) of the lower Wyoming series, from which
it is separated by the usual series of bright-red sandy shales; it is overlain by gypsif-
erous red shales. The lower Wyoming ledges south of Boulder are shown in
Pl. XXXIV, A4, from a photograph by Mr. J. B. Walker. jr.

Marvine® gives the following— section at Bear Canyon, 3 miles south of Boulder:

Section of Red Beds at Bear Canyon, Colorado.

Shales, limestone, and sandstone (Morrison). Feet
’Soft, white, massive sandstone ... ... ... .. .. ..ii...o..o.....l 80
’ . [Soft, red, shaly sandstone ......................._..... .. 400
"Upper Wyoming { Limestone (Minnekahta?) .. .................___.__._..... 25
| Red shaly sandstone (Opeche?) .. ... _..__..... SO, . 200
Yellow granular sandstone, rather sgft (Tensleep?).......... 300

. Lower Wyoming { Hard, massive, red sandstones, with intercalated shales and
some conglomerates. ... ... ... ... ... . 800

Granite.

At Ralston Creek the yellow siliceous sandstone (Tensleep) is stated by Marvine
to be 125 feet thick, overlain by 100 feet of red sandy shales (Opeche?), 25 foet
of cherty limestone (Minnekahta?), and this by 150 feet of red sandy shales
(Spearfish?). On Bear Creek he reports a thickness of 900 feet for the basal

aSeventh Ann. Rept. U. 8. Geol, and Geog. Surv. Terr., 1575.
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series, consisting of soft, red, massive sandstones, with some shales and conglom-
erates, 100 feet of yellow massive sandstone (Tensleep?), 150 feet of red sandy
shales (Opeche?), 25 feet of limestone (Minnekahta?), and 300 feet of red sandy
shales (Speartish?). On South Platte River, at. the mouth of Platte Canyon, the
supposed Minnekahta limestone is reported near the base (')f the upper Wyoming -
red beds.

“In the monograph on the o'eolooy of the Denver basin the red beds are
described in their extension from the vicinity of Boulder to south of Deer Creek.
They are termed the Wyoming formation and are divided into upper Wyoniing |
and lower Wyoming, as mentioned above, the latter lying directly on the granite
throughout, as in the region northward. The thickness is said to be. exceedingly
variablé, ranging from 200 to 2,400 feet in the lower series and 400 to 600 feet
in the upper, although the upper Wyoming disappears for a short distance near
Boulder and Golden. The variations in thickness of the lower division are due
mainly to the inequalities of the granite floor on which it lies, the thicker portions
lying in deep basins and the thinner portions where there is overlap of the
higheér beds up the slopes of these basins. At the granite contact at all horizons
there are usually hard coarse sandstones and conglomerates of moderately coarse
material, extensively cross-bedded. :

Succeeding the basal deposit there is a series of heavily bedded sandstones and
grits, with small local bodies of sandy shale. The normal thickness of this series is
‘about 1,200 feet, and its color varies from prevailing red to gray, the finer grained
beds being, as a rule, the most highly colored. Cross-bedding is a marked feature
from base to summit. Toward the upper part of the lower Wyoming there is a
transitional zone of lighter red and more quartzose sandstones; which is termiiiated
by a characteristic member of heavily bedded creamy-white sandstone from 200 to
400 feet thick (the supposed equivalent of the Tensleep sandstone). This member
usually forms a well-marked ridge 50 to 100 feet-high along the middle of the valley
of the Red Beds. Its lower half is less compact and often is more or less tinged with
- red in the irregular patches. Two small bands of dark-hrown quartzose limestone
from 2 to 8 feet thick are present, one near the base and the other farther up. The
intervening sandstone is heavily cross-bedded, and contains in some layers conglom- .
eratic pebbles in a matrix consisting generally of quartz, occasionally of an arkosic
nature, containing some brown or cherty limestone fragments,

Near the middle of the ““creamy sandstone” there is usually a conglomeratic
streak, but the materials become ﬁne grained above and consist of quartz of great
purity, which is extenswel_y ernployed for silica in the pottelv and fire-brick
establishinents at Golden. Toward the top some portions are conglomeratic and
disintegrate easily. ‘ :
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The upper Wyoming formation consists mainly of fine-grained sediments of
a bright-red color, the typical red sandy shales of the Red Beds of the Black
Hills, Bighorn Mountains, and southeastern Wyoming. The lower half of this
formation ‘‘consists of bright, brick-red, arenaceous shales and sandstones with
. intercalations of limestone. The limestone occurs within 75 feet of the base; usually
3 or 4 beds of it from 6 to 18 inches thick are in the lower 15 feet, and a hed 5 feet
thick .50 feet higher up, with red sandy shale intervening. -The upper bed is over-
lain by a bed of thin, wafer-like layers of white limestone and red mud, in all 5 or 10
feet; these present in cross-section a wavy structure with sharp contrast-of color and
texture. The surface weathers in delicate corrugations,”® this feature being also
present in the limestone-itself. Cherty concretions of purple color and: simall geodes
of calcite also océur. The.following analysis® of the upper Wyoming hmeJtone by
L. G. Eaklns, of the United States Geological Survey, is given:

Analysis of upper Wyoming limestone Jrom Morrison, Colo.

. . . B Per cent.
TAME, CBO -« o e e e e e e e e e e e e e anen 48.73
B o R C 2.9 .
Manganese 0Xide . .ol tan e e oaas .49
Aluming, ALO; - ooeoee e SO e e .53
Iron sesquioxide, Fe,Oq. ..o oo i iaaeaae- .38
Phosphorie acid, P,0; . o oo e iiiiiiiaiie .03
£ 1= 11
QCarbonic acid, COy - .o v e e et i e eieaeceeacaeeeeancemaannann 41.71
Ingoluble . ..o i iectteeccmmemaeaaeaadann 5.32
100. 25

The principal members above the limestones are red sandy shales, with the
“amount of sand increasing gradually in the higher beds. ‘“‘About 60 feet up are a
number of layers of fine-grained, compact, red sandstone, 2 to 6 inches thick, charac-
 teristically marked with white dots. A heavy-bedded fine-grained sandstone occa-
sionally appears-in this series, notably in the vicinity of Turkey Creek.”¢ Higher
up, or from 150 to 200 feet below the top of the formation, the strata become more
clayey and present a vallety of tlnts, gray, yellow, green, pink, and hlac while
gypsum and brown earthy limestones are common. The gypsum occurs in small
léns-shaped deposits, mainly in connection with limestones.. Near Morrison and
Deer Creek, at this horizon, there is a thin band of sandstone carrying white and red

~ grains of jasper-like material. S
The top of the upper \Vyormng beds ‘is marked by a sandstone 15 .to 23 feet
thick, varying from compact and massive to thin bedded and friable, of which the
lower 8 feet is usually brown, the middle 10 to 15 feet pink, and the upper 4 feet

aSeventh Ann. Rept. U. S. Geol. and Geog. Sury. Terr., 1873, p. 54. b Loe. cit., p. 56.-
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brown, all fine grained, delicately cross-bedded and ripple-marked. The stratum is
very distinct, especially at its contact with the overlying Morrison, which ‘‘is some-
'what undulating, apparently the line of an unconformity, or at least of interrupted
deposition.” ¢ A typical section at Morrison is given as follows:?

Section of Wyoming formation at Morrison, Colo.

UPPER DIVISION.

. . Feet.

Sandstone, fine.grained, often massive, pink and brown; persistent... .. ‘ 15-25
Clays, bright colored, gray, yellow, green, pink, and lilac; gypsiferous and ’

calcareous, especially at 40 feet below their summit -................ 125-175
Clays, more arenaceous than above; transitional in color, from grays ‘

‘above, to prevailing brick reds below ... ... . .. . ..iiiiil.... 150-200
Sandstone and shale, alternating; brick red to pink; white do'ts; sand-

stones prominent. . .. ... ... ool i 50
Sandstones and shales .. ... . ... L. " 60
Shales, sandy and argillaceous, brick red, carrying narrow bands Btob

feet thick) of white crystalline limestone. .. ......................... T

LOWER DIVISION.
4

“Creamy”’ sandsione; quartzose; cong]oxﬁeratié at base; two sandy lime-
stone bands in lower part; round ferruginous concretions near top;
forms prominent outcrop in valley between Archean and Dakota
(average 250 feet) ..o teoe e aaaas eens 200-400
Red Beds; conglomerates, sandstones, and shales, the last of minimum
development; color, red; outcrops, lofty spires and pinnacles and tow-
" ering magses of irregular Shape. . -«.....ooiioioioiiiiiiiiiiiiiio.. 270-2,000

. Some features of the Red Beds of the Morrison region are shown in Pl
XXXII1, which are reproduced from photographs by Mr. J. B. Walker, jr.

T visited the M6rrison<locality in 1901 in order to compare this section with
those in the Black Hills and Bighorn Mountains. ' 1 found the ¢ creamy sandstone”™
series strongly suggestive of the Tensleep sandstone of the Bighorn Mountains and -
of the top sandstones of the Minnelusa of the Black Hills. The overlying red
shales begin abruptly, and they are very closely similar to the Opeéhe in aspect
and relations. The limestone bands have the character of the Minnekahta lime-
stone, especially the upper bed, which is 5 feet thick and lies, as stated by Eldridge,
70 feet above the ¢ creamy limestone,” a position similar to that of the Minnekahta
limestone in the northern part of the Laramie Range in eastern Wyoming and
. elsewhere north and west. A careful search: for fossils yielded a few indistinct
. forms similar in appearance to the Bakewellia of the Minnekahta limestones of the
Black Hills. The overlying red sandy shales with gypsum are very like the

aSeventh Ann. Rept. U. 8. Geol. and Geog. Surv. Terr., 1873, p. 56, . b Loc, cit., p. b2.

~
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Spearfish formation of' the region north. The pinkish sandstone at the top,.under-
lying the Morrison, is the same as the top member at other localities {101‘th.

Peale® and Marvine? have described some features of the red-bed exposures
on South Platte River at the mouth of the canyon. The basal heds lying on
the granite consist of coarse, white and red mottled sandstones, overlain by finer
grained red sandstones, in all 1;500 to 2,000 feet thick, capped by 600 feet of
white sandstone corresponding to the ‘‘creamy sandstone” of Eldridge (Tensleep
sandstone). This member has reddish bands 4 to 6 feet thick separating the
white portions into bands 20 to 30 feet thick, in part conglomeratic. The upper
Wyoming red heds are not well exposed, but are reported to contain a layer of
compact red limestone near their base and thin Tlimestones and limy shales
higher up. The beds dip east-northeast at an angle of 65°. .

Doctor Peale hds given a section similar to that on p. 87 for Willow
Creek, and Eldridge ¢ has supplied some details regarding the succession of lime-
stones in the upper Wyoming beds in that vicinity. He says: “There are four
distinet layers of limestone, one lying immediately on the ‘creamy sandstones,’
and the others 30, 60, and 70 feet above. All are white and crystalline. The
lowest is 14 feet thick, without banding, and has an angular fracture. The
second is 2 feet thick, gray, faintly banded. The third is 2 to 4 feet thick,
" banded and cherty. The fourth is 10 feet above the third limestone, the two
being united by intervening banded lime and shale beds. The upper layer is
banded faint purple and white, and is overlain by strata of lime and red clay.”

For Perry -Park (formerly Pleasant Park) on Beaver Creek there are sections hy
Doctor Peale? and Mr. W. T. Lee.* Doctor Peale’s section is as follows:

Section of red beds, etc., at Pleasant (Perry) Park, Colo.

Thin Hinestones (at base of Morrison probably). yeet
L 3 T U o TR 81
Slopes with few outcrops of thin limestone beds, four in all, averaging 4 feet

thick (probably in red shales) - ..o, ot it i 461
Mottled yellow and red sandstones, light colored above, mottled reddish below. .
Massive red sandstones. ... ....oo it i i ia il et 1,500

Slope apparently underlain by red sandstones..............o..o.o... . ...

Coarse white sandstone, loosely cemented in upper part; bands of red sandstone
varying from 1 t0 3 feet thick.......ovoeeamieoeeniianaaeianns ST 80

Swiall outerop’ of lmestone with chert pebbles and fossils (Zerebratule and
Spiriferina) overlain by purplish sandstone and gray sandstone ............

Irregular hed of limestone with pebbles of g‘reer_lish chert and Hmestone ...._.

Red calcareous sandstone, very hard, and with cross-bedding thin layers .....

a8eventh Ann, Rept. U. 8. Geol. and Geog. Surv. Terr, for 1873, by F. V. Hayden, p. 195,
b1bid., pl. opposite p. 93.

‘ cGeology of the Denver basin in Colorado: Mon. U. 8. Geol. Survey, vol. 27, 1896.
dIbid., pp. 197-199, and PL II. :
e Am. Geol,, vol. 29, 1902, pp. 97-98.
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A RED VALLEY AT MORRISON, COLO.

Lower Wyoming red sandstones in foreground; valley of soft Chugwater red beds, with gypsum, in middle-ground; hogback of east-dipping Dakota
sandstone, with Morrison-shale slopes, in center and left. Looking south. Photograph by J. B. Walker, jr.

B LOWER WYOMING RED CONGLOMERATIC GRITS IN GATEWAY OF “GARDEN OF ANGELS,” NEAR MORRISON, COLO.

Showing rock texture and massive bedding. Underlying granite in distance. Photograph by J. B. Walker, jr.
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4. LOWER WYOMING RED BEDS LYING ON GRANITE IN FRONT RANGE OF ROCKY MOUNTAINS, JUST SOUTH OF
BOULDER, COLO.

Showing steep dip and massive character of rocks Looking southwest. Photograph by J. B. Walker, jr.

B. GATEWAY TO PERRY PARK, COLORADO.

Nearly vertical lower Wyomirg red grits; cliffs of ** Dakota sandstone " surmounting slopes of Morrison formation in distance. Looking east.
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~

Compact red sandstone in 1-foot layers veined with caleite. .. .. ... . ... .... Feelt5
Dark-purplish cherty limestones ... ... .. ... . . .. .. ... 3
Red limy sandstone~ ... ... . ... .. ...l.. A 4
Very coarse white sandstone lying on granite . ... .. ... ... ... ... ..... 80

The 80-foot bed of coarse, loose sandstone in this section is regar ded as the same
as the basal member in the Platte Canyon section, where the undellymg 114 feet of
beds of the Perry Park section are thought to be absent. The upper red beds,
including the 81-foot bed of gypsum, are stated to have a thickness of 542 feet, an
estimate which probably is too great. The lower limestone in this upper series
strongly resembles the Minnekahta limestone and has the same stratigraphic relation
in lying near the base of the upper Wyoming and in being separated from‘the gray
sandstone at the top of the lower Wyoming (Tensleep apparently) by red shales
corresponding to the Opeche The heavy gypsum bed at the top of the tormation
extends for several miles, but varies greatly in thickness. .

Mr. Willis T. Lee obtained fossils from the limestone near the base of the
Perry Park section, as follows: Orthothetes inequalis, Spirifer centronatus, Spirifer
sp., Spiriferina solidirostris (1), Seminula subquadrata (1), Oranzena n. sp., Myarina
arkansasana, Aviculopecten sp.—a fauna vegarded as lower Carboniferous and prob-
ably of its middle portion. This limestone is an outlier of the Millsap limestone-
of the region farther south. Mr. Lee describes, at the base of the formation, 40
feet of coarse-grained crumbling sandstone, conglomeratic in places, and mottled in
varving shades of red and gray, a member which may be older than Carboniferous.
Above this sandstone is a series 10 to 15 feet thick of deep-red to white, cherty
limestone in layers alternating with red shale, and .near the top is the layer yielding
the fossils. Abeve are several hundred feet of coarse-grained sandstones and con-
glomerates in conformable succession. ‘‘They are colored irregularly in various
shades of red and gray to an extent which gives the series a conspicuous mottled
appearance.”® (Gray predominates toward the base and the amount of red color
increases toward the.upper portion of the formation.

In the extensive e;(posures which are to be seen in many places in the vicinity
of the ‘Garden of the Gods some of the stratigraphic features present considerable
variation. The basal limestone, with Ordovician fossils, is succeeded by gray,
purplish, and yellowish limestones from 200 to 300 feet thick, in the upper beds
of which M. A. W. Grabau has found Carboniferous fossils, presumably Millsap.

‘These limestones are conspicuous about Manitou, especially in Williams Canyon,
. and extend north to beyond the Garden of the Gods, where they appear to abut -

against the granite and are overlapped by the overlying lower Wyoming sandstones."
Five miles north of the Garden of the Gods the lowest pink limestones, containing
Ordovician fossils, are overlain by a massive gray limestone, which, in turn, is

«Lee, W. T., The areal geology of Castle Rock region: Am’ Geologist, vol. 29, p. 97.
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succeeded by a limestone breccia str onglv suggestlve of ‘unconformity. The lower
Wyoming sandstones have a thickness of 1,000 feet or more, and are coarse
grained, massive, often cross-bedded, and predommdte]y red. They give rise
to the picturesque -features of the Garden of the Grods, the “(Gateway,” which i's.
. shown in Pl T {(p. 21), marking the outcrop of the uppermost, hard, red stratum.
Next above there are some softer. striped-red sandstones about 100 feet thick, not
well exposed at thé ‘Gateway, and then the white sandstone bed, which outcrops
in the sharp low ridge in the middle-ground of the picture. This bed is about 100
feet thick, moderately fine grained, massive, and cross-bedded, and almost surely .
répresents the ** creamy sandstone ” of Eldridge at the top of his lower Wyoming.
- As hefore explained, the occurrence of this lighter colored, finer grained sandstone .
at this horizon is general along the foothills of the Rocky Mountains from Manitou
‘north and in the Laramie Range, Black Hills, and Bighorn Mountains, being the
Tensleep sandstone in the Bighorn slopes. Near the Garden of the Gods it is
similarly sncceeded abruptly by soft red shales, inc]uding, near the base, thin lime-
stones believéd to represent the Minnekahta limestone and gypsum deposits ahove,
and extending to typical Morrison shale. This upper series of red shales, limestone,
and gyps'um undoubtedly is equivalent to the upper Wyoming of Eldridge. At its
base, overlying the white sandstone, are 55 feet of soft red shale, and red clayey

sandstone (Opeche horizon), a series 25 feet thick of thin limestone layers with red
shale intercalations (Minnekahta), and 30 feet of red shales surmounted by a 30-foot
bed of gypsum overlain by Morrison shales. The following section was measur ed a
‘short distance north of the Gateway to the Garden of the Gods:

Section of upper Red Beds between the Gateway of Garden of the Gods and Glen Eyrie, Colo.

Feet. M
Shale and clay (Morrison).
Gypsum.......... S mmmme . 30
Red shales _. ... .. . i .. L.l 30

Upper Wyoming beds. . . Limestone_......__.'__.. """"""" } , , { s
] ) . “|Red shales with thin limestones. (Dllnr—lekahta) ... 22
Limestone, purple, thin layers... 1
. ) Soft red shale ar}d sandstone ..._..__..__..._... .z.2. BB
Top of lower Wyoming—massive, white sandstone (Tensleep).

To the south the two series of Red Beds preserve the same general features
to the foot of Cheyenne Mountain, but there are local variations. At the Gateway
the 30-foot bed of gypsum is a conspicuous feature, as shown in the foreground
in PL I; there is another thin bed a short distance below its base. Just belo{vg
the Gateway these beds are offset and. twisted, so that they are locdlly deflected to
some distance west of the general line of strike. On the roadside south of the
Gateway are very coarse cross-bedded materials in the upper part of the lower
Wyorﬁing formation, giving .place abruptly to the fine-grained red sandstones and
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CATHEDRAL SPIRES, GARDEN OF THE GODS, COLORADO.

Vertical strata of lower Wyoming red grits. Looking north.
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red gypsiferous shales of the upper Wyoming, all vertical or dipping steeply east- .
ward (Pl. XXXVI). )
In a railroad cut at Colorado City the following ‘section is exposed:

Partial 9ectwn .of Red Beds ut_Colorado City.

Feet,
Sandx shales, etc. (Morrison). .
Talus -and red beds. . oo o e eeiaaaan 50
Impure gypsum ... ... ... ... et eceeeeieaiieeeaaaaaan 5

Red shales and soft sandstone with 3 feet of thin beds of gypsum near top.. 60
Soft, massive, red sandstone..-..........-..‘.....-..........7 ............ ... b

The section consists of upper Wyoming red beds, except perhaps the basal ’
member, which may possibly be the upper part of the lower Wyoming: division.

When the Red Beds next appear, southwest of the village of Fountain, after
- the -first one or. two miles they are seen to .consist almost.entirely of coarse-
grained materials without the uppermost gypsiferous red shales, and are overlain
directly by -Morrison beds. This coarse series, or the entire Red Bed succession
of this region, was designated the Fountain formation by Cross, a name which
has been employed by Gilbert in the region still farther south. It lies uncon-
formally on Millsap limestone and overlaps widely on the granite and schist.
The coarse red grits and sandstones in the Garden of the Gods region are pre-
cisely the same as ‘the typical Fountain formation and, special investigation in the
field atfords no suggestlon but that the Fountain and lower Wyoming formations
represent the same period of deposition. They are alike in character, represent-
ing the same conditions as to origin; they are similarly underlain unconformably
by remnants of Millsap limestone; and thexe is not the slightest evidence that
they overlap.

The Fountain formation in the region extending from southwest of Fountain -
> to Canyon consists mainly of coarse-grained, crumbling, 'arkdsic sandstone in
massive beds, usually cross-bedded. Many conglomeratic streaks occur, and a basal
conglomerate often appears, notably on the road northwest of Canyon where it lies
on an eroded surface of Mlllqap limestone. The beds are plomlnently reddish, but
some are gray and others are mottled gray and red. Finer grained materials often
occur, which are nearly all of a bright - brownish red color. The thickness is
estimated at 1,000 feet, but varies con81de1ablv Nearly everywhere the formation
" is separated from the granites and gneiss by limestones of Ordoviﬁc.ian -age, but.in

. places it overlaps the crystalline rocks, and in some localities the underlying lime: .

stones are faulted out. In the vicinity. of Canyon, and at a small locality on -
Cripple Creek, at the head of Garden Park, the underlying Millsap limestone
appears. It is a thmly bedded, varlewated dolomltlc limestone, with a few thin
sandstone layers; and in its upper portion there are chert nodules which carry
Spirifera rockymontana and Athyris subtilite, lower Carboniferous (Mississippian)

.
©



99 GEOLOGY AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS,

forms. This limestone outerops again on the slopés west of Beulah, 25 miles south-
west of Pueblo, as described by Mr. Gilbert. In this locality its thickness is 200
feet, and it consists of gray and purplish limestones, with some shale in its lower
part. Spirifera rockymontana occurs near its middle. .

In the region southwest of Pueblo the Fountain formation, as measured by
Mr. Gilbert, is 2,100 feet thick, but to the south it thins out and is absent for some
distance along the foot of Greenhorn Mountain. At the south end of this mountain
appears a similar series of rocks, which Mr. Hills has named the Badito formation.
It comprises an upper meémber about 100 feet thick, generally massive or thick
bedded, but sometimmes shaly on the weathered surface, corresponding to a part
of the Fountain formation. The lower member consists of about the same thickness
of very coarse conglomerate of a brownish red color. To the south this series
appears again in the Culebra Range, where it lies on the granites and gneisses and has
‘a great thickness. The Carhoniferous limestones appear again on this range about
La Veta Pass and extend southward into New Mexico. This area swas described
in considerable detail by Mr. Endlich, of the Hayden Survey, who mapped the
lower portion of the series as lower Carboniferous, and several thousand feet of
overlying heds as upper Carboniferous.

In 1902, Mr. Willis T. Lee ¢ collected fossils and made a section soubhwest of
Spanish Peaks. These fossils, obtained mostly from the lower hundred feet of the
series, were identified by Dr. Stuart Weller and found to be upper ‘Carboniferous.
The species were us follows:

Zaphrentis sp. undet. . Bellerophon montfortianus N. & P.
Orbiculoidea convexa Shum. Bellerophon sp. undet.

Orbiculoidea missouriensis Shum, Rotella verrucelifera White.

Chonetes mesoloba N. & P. Soleniscus brevis White -
Productus longispimfls Sow. Soleniscus sp. undet.

Productus costatus Sow. Co Sphxrodema texana Shum.

Productus cora D’Orb. ' Spheerodema sp. undet.

Spirifer cameratus Morton. - Trachydomia wheeleri Swall. var.
Spirifer rockymontana Marcou. Naticopsis altonénsis McCh.
Reticularia perplexa McCh. ‘ Naticopsis altonensis var. gigantea M. & W.
Seminula argentea Shep. . Pleurotomaria perizomata White.
Aviculopecten carboniferns Stev. " Pleurctomaria (sevéral species undet. ).
Astartella concentrica McCh. " Murchisonia copei White

Nucula ventricosa H. o Orthoceras sp. undet.

Nuculana bellistriata Stev. . Syringopora sp.

Bellerophon percarinatus Con. - Campophyllum torquium Owen.
Bellerophon carbonarius Cox. . Straparolus catilloides Con.

aLee, Willis T., Note on the Carboniferous of the Sangre de Cristo Range, Colerado: Jour. Geol., vel. 10, 1902, pp,
393-396.

e
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Several othér fossils were found in loose fragments, which were—-

Derbya crassa M. & H. .. Bellerophon (large sp. undet.). ’
‘Hustedia niormoni Marcou. Temnocheilus winslowt M. & 'W.
Allorisma subcuneata M. & H. Phillipsia sp., large fish spine.
Schizodus wheeleri Swall. T

The following section iz given by Mr. Lee: .

Section at crest of Culebra Ranye, between Middle Fork and North Fork of Purgatory River, Colorado.

Yeet.
Hard quartzitic conglomerate ..~ ......... . ..... e, e e an 10
Dark shale ..o e e . 5
Limestone, fossiliferous.. ... ... .. L.l .. 2
" Red sandstone, with bands of red shale and irregular masses of limestone. ... ... 12
Greenish argillaceous sandstone _....... .. . ... ... iliiiieiiiiieiio.. 4
Pink sandstone, argillaceous above, conglomeratic below....................... 18
Fossiliferous limestone ....... e e et eeeee ettt -4
Deep-red sandstone, conglomeratic at the base, shaly near the top. ... ......... 10
" Limestone, arenacevus near the base ............... et 20
Massive light-colored grit, coarse and conglomeratic................ ... s 13
Banded sandstone and limestone intimately commingled. The limestone is ofterr
in more or less rounded masses. Irregular beds of gra\;el occur in places...... 6’
Nodular limestone ... .. .. . 3
Massive limestone. ... . .. ... . ... ... L e 8
Shale, with limestone nodules. . ... ..o oo, ... 3
Massive limestone.......... N 23
Coarse sandstone, conglomeratic in the lower half_ ... .. . .. .. ... ... . .. 20
Massive grit (local unconformity)........... e 8 -
Calcareous ghale, passing to black shale, with limestone nodules near the top... 10
Fossiliferons limestone, with sandstone layers; cup corals abundant ............ 15
Massive limestone .. ... ... e ettt et 6
Shiale L i 8
COAISE @ITU o o et e e et o2
Sandstone, with large nodules and irregular masses of limestone.. ... ... ._. 10
Shale, with bands of sandstone and limestone. . ........ ... ... ... .. ... 25
Banded Jimestone. . ... ... e et 4-12
Soft black shale, fossiliferons .........._..... e e e 28
Coarse grit. .. ..o it 9
Black shale. .. ... e ettt e 6
Coarse grit, conglomeratic it PlACes .. ... ... oveeeemmmoroiriieaanne .. 2220
" Dark shale, with limestone nodules and thin seams’of sandstone; runs to massive
limestone in places; becomes red and arenaceons near the base ........ JOT 15
- Coarse grit .................................................................. 7
Dark:red shale, with nodules and irregular masses of limestone ............z... 10
Limestone. oo c.oaemie i aa e eaaaaaas 4
Red to black micaceous éha]e, with bands of sandstone near the base and lime-
stone nodules near the top_. ... ... . . ..olL. s 12
Coarse grit .. .. .o . il et 10
Red grit and conglomerate . ... ... el ?
Crystalline rocks of the mdéuntainsg, o
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A small collection of fossils was also obtained from the western slope of La Veta
Pass, 5 miles above Placer, in a sticcession consisting of sandstones, limestones,
shales, and COnglomemtes similar to those above described. The following upper
Carboniferous forms were found i in this locality:

Zaphrentis sp. . Seminula argentea Shep.
Orbiculoidea sp. ' " Hustedia morméni Marcou,

Derbya crassa M. & H. . - Avmulopecten occidentalis.

Chonetes graﬁulifera Owen. . Astartella concentnLa McCh.
Chonetes mesoloba N. & P. Schizodus wheeleri, Swall.

Productus nebrascensis Owen, o Bellerophon percarinatus Con.
Productus costatus Sow. o Bellerophon inspeciosus White (7).
Spirifer cameratug Morton. . . _ Soleniscus sp. :
Reticularia perp]exa MeCh. ' Orthoceras sp.

Mr. Lee did not observe the Millsap and undellymg llmestones in the (/ulebla
Range, although possibly there may be small outliers of them in p01tlons of the
range which he did not visit. The strata ovellymg the section given above consist
of several thousand feet of red and gray sandstones, mostly coarse, extending to
the base of -the Morrison formation, and representing the Fountain’ series;

In the canyon of Cucharas River, near the n01th line of Huerfaro County, the
upper portion of the Red Beds is exposed, being here termed the Badito formation
by R. C. Hills. - At.Red Rocks in the canyon of the Purgatory, in the northern
portion of Las Animas County, there are extensive exposures of the Red Beds and of
an overlying bed of ‘gypsum, which appears to ‘belong with them. Several hundred
feet are exposed, consisting at the top under the gypsum of a coarse, cong'l(;meratic,
massive, red sandstone, which merges downward into niore regularly stratified red
sandstones, with oceasional layers of sandy red shales. In the uppermost sandstoneb
I found a small bone fragment, apparently a portion of a shoulde1 blade of a bolodont
which suggests that the formation is of Triassic age.

Mr. W. T. Lee® has published also the following section:

Partial section of Red Beds in Plum Canyon, near Purgatory River, Lns Animas County, Colo.

[y

Two massive sandstones with clay between (Dakota)......._.. s 140

Variegated shales with thiu limestone layers (Morrison)...«......_......... 85

Dark shales ‘with irregular masses of gypsumn ... ... ... ... ... ... .. 15

'vasum with streaks of clay..._..... . S 13 *
" Variegated shale with much gypsum in masses up to a foot in dlameter ..... 8

Gypsum in layers sometimes separated by layers of clay el T 25

Massive gypsum ... i 5

aWalsenburg district:” Géologic Atlas U, 8., folio 68, U, 8. Geol. Survey, 1900.
bMorrison formation of Colorado: Jour. Geol., vol. 9, 1901, p. 346.
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@ . Feet.
Red gypsiferous shales, soft and _regularly bedded........ ..ol ... 3040
. Red calcareous sandstone, oohtlc, cross-bedded, layers variable in thlckness
and: character, shaly near top, grading into gypsiferous shales ............ 60 . .7
Red sandstone, massive, cross-bedded .__......... ceieeaeeaeaas e 175--200
" Red arenaceous shales. ..................... et iceaann 6
Red sandstone ... ... ... i 1
Fine red shale ........ e 4
Even-bedded red-sandstone. . ...~ .. ..ol DS 9
Red arenaceous shale L 2
Red sandstone, cross-bedded P e FU s - 40
Loose red sandstone alternating with shale ...................... e . 15
Massive red Sandstone. . . oo oeieie oo i SR 5-
Soft red sandstone containing ripple-marked hérd‘layels .......... et 30
White, hard, argillaceous limestone, thin layers, contorted .........._...... 4
Red sandstone to river bottom._._ ... . ... .. .0 ..l .. S, : eilees 15

The conelatlon of these Red Beds w1th the Wyommg formatlon is. reasonably

~certain when their cha,la,ctex and relations are- considered; apparently the upper

gypsiferous. series represents. the - upper Wyommg They -underlie a wide area in

- southeasbeln Colorado and have been penetrated by some of the wells. The well-

at La Junta Ieached them at 605_feet and continued in them to 1,150 feet. The
well at Bloom penetrated them from 400 feet to 1,162 feet without 1each1ng their
bottom. They also appear in some of the deep canyons south of the west end of
Mesa de Maya, but.their character.in that region was not ascertamed.;

The Red Beds are exposed in an area of about 3 square miles in the Two.

Buttes uplift on Butte Creek, in PI‘OWelS and Baca counties. They are..described
by Mr. G. K. Gilbert,* who estimates. that over 600 feet are exhibited. The

lowest beds are sandstones and shales, the latter predominating somewhat. Some.

of the beds are orange or yellowmh These are overlain by white limestone 5 to 10

feet thick, which I found to be very like the Minnekahta limestone in its thin-

bedded character and general aspect in the outcrops. It .is overlain by brick-red
shales about 150 feet thick, becoming sandy at the top'and merging into a massive
red sandstone more than 300 feet thick, which forms prominent bluffs along the
creek and caps the butte that was uplifted by the laccolitic intrusion of igneous

rock. At one place this sandstone is pa,rted by 40 to 50 feet” of shale. Parts of

the sandstone are buff, yellow, or gray, somewhat 1esembhng Dakota sandstone, for

. which it has been mistaken here and elsewhere. It is, however, separated. from the
Dakota by typical Morrison, shales and probably represents .the Exeter sandstone
of Mr. Willis T. Lee, which appears extensively along ‘Cimarron River to the
south. No fossils were discovered in any of the rocks, ) ‘

« Gilbert, G. K., Laccolites in southeastern Colorado: Jou'r.'Geol‘, vol._4,’ 1896, pp. 816-825. .
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The Sundance formation extends only a few miles into Colorado from the
northward, finally thinning out. Doctor Hayden® discovered fossils, ** Ostren and
fragments of Pentacrinus asteristicus on Boxelder Creek in yellow "sandstones
and clays,”‘ with scattered layers or nodules of limestone. He suggested that
the limestone sometimes found at the base of the Morrison may be a representative
of the marine Jurassic, a suggestion based on its similarity in character and relations
to a limestone on the Laramie plains which contains Apiocrinites. As these lime-
stones characterize typical Morrison beds where the marine Jurassic is represented,
I feel certain that those in the Front Range are all of Morrison age.

CRETACEOUS.

Morrison formation.—This formation extends along the entire Rocky Mountain
front through Colorado, outcrops frequently, and presents very characteristic
features. In a few localities it is cut off by faults or locally buried under
overlaps of younger formations. It is also exposed in some of the canyons
.eastwa'rd, notably in the deeper ones of eastern Las Animas County and in the
Two Buttes uplift. Its general character is °nearly uniform throélghout, heing a
series of light-colored massive clays, or “joint clasrs,” with thin beds of limestone
and sandstone of fresh-water origin, containing bones of saurians of the so-called
Atlantosaurus fauna. Tts thickness averages less than 200 feet in most cases. It
presents frequent and rapid variations in the local succession of beds, but the
predominance of joint clays of chalky aspect and the occurrence of maroon and
purplish layers among them are characteristic features. The name Morrison was
given by Eldridge, from the town of Morrison, where the formation is eitensively
developed. ) .

South of the. end of the marine Jurassic deposits (Sundance formation) the
Morrison beds lie unconformably on the upper Wyoming or Chugwater formation
for many miles, and, southwest of Colorado Springs, overlap the red grits of the
Fountain and Badito formations. In eastern Las Animas County they lie on a
bed of gypsum. Mr. W. T. Lee has traced them into western Oklahoma and
found that they either merge into or are displaced by lower Cretaceous marine
beds, containing fossils of Comanche age, an observation which I have found
verified on Butte Créek, east of Two Buttes, in Prowers County, Colo.

The saurian remains which have heen obtained so abundantly from the
Morvison beds west of Denver and north of Canyon are regarded as latest Jurassic
by some paleontologists and earliest Cretaceous by others; but, from the strati-
graphic relations of the formation to the later Comanche, it is preferable to class
them even later in the lower Cretaceous.

aHayden, F. V., Third Ann. Rept. U. 8. Geol. and Geog. Surv. Terr. (for 1869), p. 119.
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The Morrison beds in the foothills of the Rocky Mountains‘in northern Colorado
were described by Marvine as a varidble series, consisting of variegated shalés,
sandy shales, siliceous shales, and soft, white, massive sandstones, with several thin
layers of limestone. The thickness indicated is less than 100 feet, and the heds were
classed as Jurassic, together with the underlying gypsiferous red beds (upper
Wyoming formation). 'The basal unconformity is one of widespread planation,
with local shallow channeling, but no perce'ptible discordance of dips. In a section
measured northwest of Laporte 1 found the following beds:

Geologic section of Movrison formation northwest of Laporte, Colo.

Dakota ....Coarse sandstone, with conglomerate at base. “ : Feet

° Gray massive shales, with thin limestone bed about 20 feet below
" Morrison.. .top T oot Tt 80
Limestone, gray, with algee.. ... ... .. ...l 6
Sandy shale, reddish to buff, partly massive. .. ........... BT 20
. Pinkish and buif sandstones at top of Chugwater formation,........ 60

The basal, reddish, sandy member of the Morrison at this place is an unusual
feature in Colorado, and may ' possibly belong to the Chugwater formation; more
likely, however, it consists partly of deposits derived from that formation, a feature
occasionally observed along the southern portion of the Black Hills. The 6-foot
limestone layer outcrops in a prominent ledge. The only fossils observed are .
many alg# in one of its lower layers. The basal sandstone somewhat suggests a bed
often seen at the base of the Sundance in Wyoming. Along the creék and ditches
east of Lyons there are excellent exposures of the entire series, having the very
unusual thickness of about 420 feet and consisting of the following beds:

N o
Geologic section of Morrison formation east of Lyons, Colo.

‘Dakota . ...Sandstone, hard, massive, buff, Feet
R Olive-green massive shale, with some sandstone layers ............. 150
“|Light grayish-green, massive shale. ... ... ... . ... ... . ... 30
~ Soft to hard gray sandstone, fine grained........_... U, 15
s . Red, maroon, and green massive shale. ... ... N .. 150
Morrison. . R =
Massive buff sandstone, moderately fine. ... ... ... ... .. ... 10
Grayish-green to maroon massive shale, with thin layers of ® fine-
- | -grained sandstone...... ... ool it 40
COVETRA « . vt et e ee et e e e aaas 25
~ Soft buff sandstone on Chugwater formation...................... 30

The typical Morrison formation in the region west of Denver has been defined

hy Eldridge « as consisting of fresh-water marls, having an average thickness of 200
feet, the amount varying somewhat. Its 11pper':1"ih1-i~t~is sharply defined by the
" Dakota sandstone, while the brown and pink sandstone. regarded as the top member

aEmmons Cross, and Eldridge, Geology of the Denver basin, Mon. U. 8 Geol. Survey, vol. 27, 1896, pp. 61-62.
10001—No. 32—05——7 |
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of the upper Wyoming, clearly marks its lower limit. Mr. Eldridge’s description
of the formation is as follows: l K

“The marls are green, drab, or gray, and carry in the lowér two-thirds numen-
ous lenticular bodies of limestone of a characteristic drab color and a texture compact
and even throughout. A small but persistent band of sandstone and limestone in
thin alternating layers occurs about 20 feet above the base; in some places the arena-
ceous elements largely predominate, and near Mount Vernon, 3 miles north of
Morrison and in the vicinity of Van Bibbér Creek, there are at about this horizon
from 10 to 15 feet of dull-gray or yellowish sandstones carrying small pebbles of
flint of various colors. :The clays of the lower two-thirds are remarkable for their
reptilian remains.

‘“The: upper one-third of the formation is generally a succession of sandstones
and marls, of which the former predominate; locally, however, either may prevail
to almost the entire exclusion of the other. The most important sandstone occurs
just above the lower clays, is very persistent, and from contained saurian remains
has been called the Saurian sandstone. It varies in thickness between 5 and 35 feet,
and in its distance below the Dakota from 10 to 125 feet, although more generally it.
lies 50 to S0 feet below. The chief constitutent is quartz )

*“ The sandstone is everywhere narked with small rusty dots, round and sharply
defined, one-sixteenth to one-fourth inch in diameter, the result'of spherical stains of
brown oxide of iron; occasionally the appearance is one of irregular mottling. The
sandstone is locally divided into several layers by narrow-intercalations of drab clay.
" In the vicinity of Turkey Creek these clays reach the unusual thickness of 20 to 30
feet, the sandstones aggregating about 20 feet. The bed may be locally calcareous,
especially in "the northern half of the field, the lime being uniformly distributed
throughout the mass. At the base is crenemlly a conglomerate having a maximum
thickness of 8 feet, in which the pebbles so closely resemble those of the Dakota that
but for a slight admixture of red jasper and the characteristic brown dots the
two layers could with difficulty be distinguished from each other. The shales over-
lying this sandstone are similar to those comprising the bulk of the formation, but
carry through them.a number of minor sandstones and occasionallysone or two
strata of limestone. ‘

““A variation in the Saurian sandstone occurs in the vicinity of Van Bibber
Creek, which, on account of its determinative value in connection with the structural
features about Golden, is of considerable importance. The bed is essentially a sand-
stone, but is divided into minor layers by bands of hard white clay from 1} to 2 feet
thick. Occasmnally the clay also is specked with rust spots, and upon becoming
coarser grained is dnectly identifiable with the mottled or specked sandstone
described above.. It is also sometimes conglomeratic. - -

“The cause of the variation in the thickness of the upper half of the formation
could not be determined from conditions existing in the Denver field, but an
of’c-suggebted uncOnfornutv at the -base of the Dakota may be the etplana’mon

Doctor Peale xefers to some features of .the Morrison formation in the district
between South Platte River and Colorado City, and Mr. Lee mentions its occurrence
in Perry Park. It is well exposed a short distance north of the gateway to the

o
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A. TWO BUTTES, SOUTHWESTERN PROWERS COUNTY, COLO.

Exeter sandstone, uplifted by a laccolith; adjoining plain covered by later Tertiary deposits. Looking south.

N ot

B. BONE-BEARING SANDSTONE IN MIDDLE OF MORRISON FORMATION, IN GARDEN PARK, NORTH OF CANYON, COLO.

Photograph by I. C. Russell.
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Garden of the Gods, Whele I found its thickness to be 130 feet. The basal beds here
Tie on the thick deposit of gypsum at. the top of the Chugwater for matlon and consist
of ash-gray massive shales with several thin limestone layers and a few streaks of
. shales with clay pebbles. These grade up into typical, pale-greenish and maroon,
massive clays with a few thin layers of fine-grained light-colored sandstone
abruptly overlain by coarse-grained buff-colored Dakota sandstone.
" At Colorado City the Morrison beds are e*(poaed only in part i in the railroad cut,
the top and bottom members being covered by talus. The beds stand nearly or
quite vertical. To the west are 55.feet of pale greenish-gray, sandy shale, mostly
massive, with thin layers which are overlain (to the east) by a”15-foots bed of soft,
pale greenish-gray sandstone. ’ .

The formation is cut off by the ovellap and fault south of Colorado City, but
‘reappeals again in the embayment north and northeast of Canyon. In Garden
Park, on Oil Creek, it has a thickness of about 350 feet, according to Cross,* and
consists mainly of greenish, pinkish, or gray shales or marls with sandstone 1;1yel's
at various horizons. It usually lies on the Fountain formation, hut overlaps locally
onto-the gr'antite. It this region the formation has yielded large numbers of dinosaur
remains. The late J. B. Hatcher? described the formation and its relations in the
‘Garden Park area, and créve some details regarding "the fossiliferous horizons. He

estimated the thickness at 450 feet, placing the upper limit hlghel than Cross, so as
to include some ** Dakota” sandstones and shales with dmosaur remains. The bones
have been obtained in largest number from a thick sandsfone layer about 150 feet
above the base of the formation shown in Pl. XXXVII, B, but,some occur 30 feet
below this stratum and othels have been found at various horizons above, both in
shale and sandstone$.” Just below the main hone-hearing. sandstone bed there.is a
layer of clay with thin limestone beds contalnlncr numerous freshwater Gastropods,
and at a somewhat lower horizon is a marly layer with abundant remains of Unios.
These shell fossils havé been described by C. A. White, who classes them as Jurassic,
because they oceur with supposed Jurassic dino‘saurs; but states that otherwise they "
might be much -younger, so that they throw no light on- the age of the beds.
Hatcher reported the discovery of an Ino'cemmv_;ts at the Garden Park locality.

South of Canyon these beds are faulted out.or overlapped by yo‘u.nger strata,
and they do not reappear again until in the vicinity.of Beulah, southwest of
‘Pueblo, where they extend for,a few miles along the foot of the mountains. North
of Beulah for several miles the Dakota sandstone hes directly on the Fountaln for-
mation, but probably the Morrison beds formex]y covered the region and were

~ removed by pre-Dakota erosion. South of ‘Beulah, according to Mr. Gllbert ¢ the

aCross Whitman, Description of the, Pikes Peak district: Geologic Atlas U, 8, folio 7, U S Geol. Survey, 1894, p. 2.
bHatcher, J. B., Annals of Carnegie Museum, vol. 1, 1901. pp. 327-341.
¢ Gilbert, G. K., Description of the Pueblo district: Geologic Atlas U, S.; folio 36 U. S. Geol. Survey, 1897.
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ds congist chiefly of red shale with a few 1ayérs of hard red sandstone
0" feet thick. They are faulted against the gneiss and also overlap that
rtion of their course. Near the contact they are paler in color, white
yredominating, and no hard beds appear. '
mation comes up again for 5 miles at the south end of Greenhorn
ving partly on gneiss and partly on the Boed Beds. Its thickness here,
Hills,? is 270 feet, the lower portion consisting of about 60 feet of soft
one,” conglomeratic at base. The middle portion is a series of pinkish
massive clays and' the upper beds are variegated shales and clays alter-
bands ~ 6f fine-grained limestone, often containing vermilion-colored
ls states that there is considerable doubt as to the true position of the
the time scale and assigns it to the Jurassic provisionally.

lis T. Lee® has made a special study of the Morrison formation ir the’
lorado region, and his work has thrown much light on its distribution
onts. He describes its continuation southward along the foot of the
tains west of the Spanish Peaks into New Mexico, and itsexistence in
yons of Las Animas County, Colo., and to the south. He has found
region it presents its usual characteristics of regular stratigraphic
dinosaur remains. The first exposures east of the foot of the mountains
ara and Huerfano canyons in western Huerfano and southern Pueblo
ere Hills reports the formation as 100 feet thick and consisting of
hales and cldys alternating with layers of fine-grained limestone. In
nyon, north of Thatcher, the typical Morrison is reported by Lee
There are extensive exposures in the
d adjacent canyons where the Red Beds are upliftéd. Mr. Lee gives the
tion in Plum Canyon near its mouth: A )

Geologic section of Morrison Jormation 1'ln Plum Cangon, Las Anim.as County, Colo.
< Feet.
Dakota ... Massive sandstones . ... . oo oo e eeens 140
’ Greenish clay shale, soft-and fine grained ......_........_......_.. 11
Dull-red clay, soft and finegrained.. . ... .. ... . ... .. ....... 12
Brown to yellow shale ................. e eeeeieiien, 10
Argillaceous limestone; fine, dark laminse. . ... ... ... .. ... 3
Morrison. .| Buff-colored Shale ... ... ..oieitutii ittt 13,
Argillaceous limestone; fine, dark TAMING. 2 e 3
Variegated joint ¢lay .- ..o oooooooioiooo... e 18
Argillaceous limestone, finegrained and hard, withcontorted laminze. 2
’ Variegated shales, very soft .. ... .. . ...... 30
Red Beds ..Dark shale, with gypsum and gypsum beds on Red Beds. )

a Hills, R. C., Description of the Walsenburg district: Geologic Atlas U. 8., folio 68, U. 8. Geol. Survey, 1900.

b Jour. Geol

., V0179, 1901, pp. 343-352, and vol. 10,1902, pp- 36-58.

b
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it
In Red Rocks Canyon, a small side eanyon of Purgatory River, Mr. Lee gives

the following section: - IS

Geologic section of Morrison beds in Red Rocks ‘Canyon, Lasnimas County, Colo.

‘ ' ’ Feet.
Dakota ....Massive sandstone. - .
-Brick-red sandy shale, with bandq of hard, ﬁne-gramed sandstone . 25
Reddish limestone; conchoidal fracture . ... .. . .. i._..... 3-5
Soft, dark, clay shale ... ..o e 30
Light-brown clay shale - ... . oo, 11
"Argilladeous limestone ... ... . . ... ... ... © 3
Brown shale -. ... .. e 7
Concretionary limestone .. ... .. ... . ... ... e 1
Variegated joint elay ... . ... .- 7
Yellow paper shale....._. IR N, 3
Morrison. . A'rgillaceous l‘imestone; thin layers ...... semnensd R S 3
Fine shale ... .. .. i i as X -13. -
White limestone. ........_............. ........... S |
Variegated clay-shale ... ... ... .. ... . ... ... T
. Argillaceous limestone; thin layers........._...._.... NUUOUR I
. Yellow Shale ..o oooooe ot oe oo Sl 4
Sandstone with agate masses .. ...... ... I 1
- Sandstone, soft, thin bedded .. ......................._.] . 8
Massive sandstone, soft ................. e - 2
) Papershale - ... ..o Ll 2.
| Massive sandstone, soft. .. ... ............. e eeemaeaanas .. 7
Red Beds ..Gypsum and clay on red sandstone ........... ... ..l .. 12-20

In Red Rocks Canyon the thickness of the for mation is 132 feet; in (,haqu‘lqna~
Canyon, 10 miles from the mouth of Plum Canyon, it is 175 feet (by barometer),

the predominating material being a varlegated clay chale popularly termed ]'oint

»

clay.” Lee says:

“A subordinate amount of sandstone occurs in places but there seems to be no
particular horizon at which this is likely to be found. In Red Rocks Canyon it
ocecurs at the base; in Plunr Canyon none is found; in a side gulch east of Plum Canyon
a brecciated layer occurs near the top containing angular fragments one-quarter inch in
diameter; in Chaquaqua Canyon, 4 miles from the mouth ¢f Plum Creek, a coarse
cross-bedded sandstone layer 15 feet in thickness eccurs about 50 feet from the top;
just across the canyon from this point, perhaps 2 miles distant and at the same horizon,
about 30 feet of limestone is found in place of the sandstone.. In many places the
sandstenes are friable and composed of nearly pure quartz. * * * The occurrence
of the limestones, most of which are more or less argillaceous, is as erratic as that of
the sandstones. The relative amount and position of sandstone, shale, and limestones
vary locally.”

Dinosaur bones were observed by Mr.. Lee in the shales at nearly every
horizon, but no invertebrates were found. . L .

-

O
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It is reported that the foTmation is sharply separated from adjoining formations,
but without evidence of unconformity by erosion. The gypsiferous shales appear to
be distinct and are regarded as a portion of the Red Beds series. The formation
extends’ down the Purgatory to the west line of Bent County, where it passes
beneath the, Dakota sandstone. In Muddy Creek Valley, in the southern corner of
Bent County and adjoining portion of Las Animas Count;?, the Morrison formation
is bared of Dakota sandstone over an aréa of several square miles, in which the same
general features are presented as in Purgatory Valley. It again appears in Longs
Canyon, and T found it exposed in the Two Buttes uplift on Butte Creek, where it is
thin, but consists of gray and purplish clays with layers of light-colored sandstones
and limestones overlying buft and red sandstones at the top of, the Red Beds. Ina
paper presented to the Geological Society of America in December, 1902, Mr. Lee
announced that he had traced the formation eastward down Cimarron Valley and
found that it appeared to merge into sandstones representing the upper part of the
‘ Comfmche series; a relation which T also found exhibited on Butte Creek, 5 miles

east of Two Buttes, in Colorado. .

Comaniche series.—The only point at which this series is known to be exposed

“in Colorado is on Butte Creek, 5 miles east of Two Buttes. At this locality the

creek crosses a low anticline in which' the Dakota sandstone is underlain by 20
feet or more of sandy shales.containiug numevous Gryphea corrugata Say, a
fossil characteristic of the upper part of the Comanche series. The locality is
just above Mechling’s ranch, in bluffs along the south bank of the creek. Farther
westward on the cretk, and generally through southern Colorado, ‘the Dakota
sandstone is immediately’ underlain by typical Morrison deposits. Doubtless the
upper Comanche beds ‘underlie the greater part of Baca County, for.they were
found by Mr. Lee along the Cimarron near the New Mexico-Oklahoma. line.
Possibly they are exposed along Bear und Horse creeks, but these streams have
not been examined for outcrops of beds undérlying the Dakota sandstone.

“ Dakota” sandstone.—Under this heading will be described the entire sandstone
series overlying the Morrison formation, for this series always has been known as
the Dakota sandstone or Dakota formation., It generally consists of two bodies of
sandstone, each 100 feet or more in thickness, separated-hy a deposit of clay or shale
10 to 100 feet or more thick. Thi§ clay and the top sandstone have yielded abundant
plant remains of the Dakota flora (upper Cretaceous), but there is no conclusive
paleontologic evidence. as to the age of the basal sandstone series. The tripartite
succession strongly suggests the Dakota sandstone, Fuson clay, and Lakota sandstone
of the Black Hills, and it is believed that probably these formations are represented.

- The Dakota sandstone is remarkably uniform in character throughout eastern
Colorado. The sandstones are mostly-hard and massive, giving rise to a-well-marked
hogback range (shown in Pls. XXXIII, 4, and XXXIV, B) along the foothills
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and plateaus, with steep-walled' canyons in the southeastern part of thé State. The
predominating color is hght buff, but some portmns are light gray or white,-and
darker tints are not mfrequent ebpeclally in the _upper beds. (mes beddmg is
almost general and conglomeratic streaks flequent ebpeclally at or near the base of
the lower sandstone. The contact with Morrison beds is abrupt and often pr esents
evidence of unconformity by erosion. There is often a v ery rapid change to
Benton deposits, but in most dreas there are a few feet of transition beds consisting’
of an alternation of shales with thin-bedded brown sandstones. The lower sand- -
" stone series is thicker and often_somewhat softer than the upper, and contains shale.
partings at some localities. The middle shale membe1 appeam to be _present
' throughout, but is generally covered by talus.
~ In the region west of ‘Denver the formation is described by Eldridge as havmg
a thickness of 225 feet 'and as consisting of two or three nearly equal benches of
massive sandstone separated by thin bodies of clay, a characteristic conglomelate atl‘
the base, and a zone of hard, white, slaty shales 10 to 30 feet thick at, the top, tran-
sitional to the Benton Fossil plants, mainly leaves of deciduous trees and enormous
fucoids, occur " from base to. summit. The sandstones vary from cross-bedded to
"slabby and often some layers of them are ripple-marked. The basal conglomerate
varies from almost nothing to 30 feet in thickness and is composed of well-rounded
pebbles from the size of a pea to a diameter of one-inch, They comprise a variety
of materials, including quartzites, quartz, flints, jaspers, limestones, granites, and a
tew materials of Ordovician age identified by*fossils, Thin local streaks of conglom-
erate sometimes occur at the-base of the upper sandstone and also near its summit.
There are generally two beds .of clay, one midway in the formation and the othel
nearer the summit. - The thmkness varles from 2 to 8 feet and the material is in part
a typical fire clay of blue or blue- -gray color, fine, even grained, and very compact,
but in:places carrying intercalated sandy shales,” The Dakota formation thms out
and disappears for several miles in the vicinity of Golden.
Doctor Peale¢ gives the followmg sectlon of the Dakota at the mouth of
South Platte (Janyon c

Greologic sectwn of Dakola sandstone at mouth, of South Pldltte C’anyon, Colorado.

~. . Feet. N
Gray and yellow sandstone_s b e e e et eaeacaaaaaaas 70 .
Shaly sandstones, fossiliferots . ............ een DU . . 12
Fine-grained white sandstones U el .3
. Rust) yellow sandstone ... ... .. [ S SRR . 245,

The total thickness of these members is 330 feet. Thé fossils referred to were
determined by Professor Lesquereux and included a Protecides very near P.acuta, H.
At Perry (Pleasant) Park Doctor Peale measured 213 feet of Dakota sindstone,

-

aSéventh Ann. Rept. U. 8. Geol. and Geog, Surv. Terr., 1873.
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but found its upper and lower contacts obscured by talus. The sandstone appears
again for several miles in the Garden of the Gods region, where Doctor Peale reports
257 feet of exposed beds, consisting of 200 feet of massive sandstones above, under-
lain by a finer grained sandstone, in part yellow, containing fragments of Lingnia
and a lignitic, layer with vegetal fragments. My own measurement in vertical beds
near the Gateway gave considerable less thickness, and I’ found the formation to
consist of two magsive beds of bandqtone, apparently with a thin series of shales
between. : s

The great fault cuts off the formation southwest of Colorado Sprmgb, but
it ‘appears again in the Canyon region, where Cross describes it as having a
thickness of 300 feet and as consisting mainly of pure-white or gray sandstone,
usually friable, of uniform texture, with a thin basal conglomerate. Dark-shale
layers are reported .midway in the formation. Fossil leaves are stated to occur
in thin shale layers at various horizons. Hatcher found saurian remains in the
lower portion of the series in this region, and, on this account, was inclined to place
that portion of it in the Morrison formation. This. however, gives too indefinite a
stratigraphic limit to the formations. : )

Dakota sandstone is prominent at the foot of Wet Mountain, southwest of Pueblo,
where it has been described by Mr. Gilbert.2 Its greatest measured thickness is -
650 feet near Beulah, where it consists almost entirely of sandstone;. elsewhere in
the area it contains beds of shale and is from 300 to 350 feet thick. The basal
portion usually is conglomeratic, sharply separated from the Morrison clays and the
Fountain formation, which it overlaps locally. At the top there is a transition into
the Benton (Graneros) shales, through an alternation of shale and thin-bedded
brown sandstones. ‘ i )

In the northern portion of Huerfano County and along the foot of the Greenhorn
Mountain the formation is described by Hills as consisting of 350 feet or more. of
sandstone, of which the lower two-thirds is generally a yellowish-gray rock of
coarse porous texture, with some luyers of fine conglomerate, commonly cross-
bedded, and is separated from the upper one-third by gray shales from 8 to 10 feet
in thickness. The upper sandstones are from 100 to 150 feet in thickness, are light
gray when fresh, fine grained, of close texture, and regularly bedded. The sandstone
lies in part on the Morrison formation, but in places along the mountain front
overlaps onto the granites and schists. In the canyons of Cuchara and Huerfano
rivers it lies nearly level, and presents steep canyon walls surmounting slopes of -
Morrison clay. The Dakota sandstone is a prominent feature in the foothills,
extending between the Spanish Peaks and Sangre de Cristo Range, giving rise for

a Pueblo folio: Geologic Atlas.U. 8., folio 36, U. 8. Geol. Survey, 1897,
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_many miles to a ‘‘stone wall ” where the sandstone is vertical and rises plommently
above the adjoining softer beds. In this district there are always two sandstone
membels sepzuated by 20 feet or more of fire clay as in the region northward. =

In the extensive exposures of Dakota sandstone in the eastern half of Las-

Animas County is prebented a regular succession of the two massive sandstones
with their intervening shale geries. Referring to the formation in Purgatory
Canyon, near longitude 104°, Hills? states the following facts: The thickness is
about 375 feet. The lower two-thirds consists of massive, mostly cross-bedded
sandstones with a few shale partings between the beds and more or less fine
conglomerate. This basal member is overlain by a layer of fire clay, the position
of which is marked by a narrow shelf, due to the projection of the underlying
sandstone. The upper sandstone is grayish white, thinner bedded, with more
numerous shale partings and generally finer grain and greater compactness than
the lower more porous sandstone. These features prevail over the wide area of
Dakota outerop: in southeastern Colorado, in Baca, Prowers, and Bent counties, but
with many variations of thickness and local details of stratigraphy.

The thickness diminishes considerably in southern Prowers and Baca counties,
In the vicinity of the Two Buttes uplift the sandstone has been extensively eroded.
These buttes are capped by a thick massive sandstone (Exeter?), Which is"the upper
member of the Red Béds, and is separated from the Dakota bandstone by distinct
Morrison shales with limestones. . .

Benton group.—The formations of the Benton group extend across eastern
Colorado, outcropping in a narrow zone lying next west of the Niobrara outcrop
as far south. as Arkanbas Valley, down which they extend for some distance,
presenting outcrops of greater or less size, mzunlv on the north stde of the valley.

The th1cknes> of the group is given as 600 feet at Platte Canyon, 590 fcet
~at Deer Creek west of Denver, 300 feet on Turkey Creek, 580 feet at Morrison,
400 feet 1 .mile north of MOII‘lbOH, 440 feet at Ralston Creek, 348 feet at Bear
Canyon 3% miles south of the ‘town ‘of Boiﬂder, and about 500 feet at Fourmile
Canyon. It is about 640 feet.east of Lyons. - In the Arkansas Valley region it
varies but little from 410 feet. The th_rée formations, which Mr. G. K. Gilbert
has differentiated as Graneros shale, Greenhorn. limestone, and Carlile shale in
Arkansas Valley, have heen found to be easily traceable all along the Front Range
northward through Colorado. h

The Graneros shale is a fissile dark- co]med shale usually uniform in compo--
sition. It contains lime .concretions and a few thin limestone layers with shells;

]

4 aE] Moro folio: Geologic Atlas U, 8., folio 58, U. 8. Geol. Survey, 1899.
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the -lattér oécurring more abundantly in Arkansas Valley than elsewhere. The
Graneros shale is usually about 200 feet thick, though it increases considerably
in the region west of Denver. In this region prominent zones of iron concre-
" tions occupy a thickness-of from 40 to 30 feet at a horizon about 200 feet above
the -base of the formation. They dre from 1 to 8 feet in diameter and contain a
considerable :proportion_of iron oxide. East of Lyons, on Little Thompson Creek,
the formation has a thickness of 525 feet or more, with the following components:

Section of Graneros formation-on Little Thompson Creek, Colorado.

Feet
Shales, dark above, lighter below. ... ... . ... 125
Fossiliferous limestone . ... ............ e . %
Dark shales .. ... e eiiiiiieao.. 225
Sandstone, partly thin bedded. .. ... .. . L. 15
Dark shalés, with a few thin beds of sandstone __..._.... e 160+

The widespread Greenhorn limestone consists of impure shaly limestones
95 to 40 feet thick, occurring in layers from 3 to 12 inches thick, separated by
several inches of shale. The deposit is of light-gray color when fresh and is

relatively soft when moist, but it usually hardens on weathering, hecoming

sufficiently hard to constitute a low but distinct ridge. The limestone is charac-
terized by containing large numbers of Jnoceramus labiatus, which may occasionally
oceur in other heds but are extremely abundant at this horizon. The formation
outcrops.in a wide area.in Arkansas Valley in Colorado and Kansas. It is 20 to

- 75 feet thick and- rises prominently in a ridge at the gateway to the Garden of -

the. Gods and appears frequently in the Denver-region and northward. East of
Lyons it appears between the Dakota and Niobrara ridges with a thickness of
25 feet consisting. of limestone layers 4 to 10 inches thick, separated by a fow
inches of dark shales and filled with fnoceramus labiatus. West of Laporte it is
20 feet thick and presents its usuval characteristics and fossils.

The Carlile shale, in its typical development about Pueblo and along Arkan-
sas Valley, is from 175 to 200 feet thick. . West of Colorado Springs it is 240
feet, and .east of Lyons. 125 feet. It COnSlatb mainly . of shale of gray color,
shghtly darker below than above, with more or less sand especially to the west
along the Rocky Mountain front, where its - upper member is usually a gray
sandstone 6 to 15 feet thick. Kast of Pueblo, in Arkansas Valley, the sandstone
_is.replaced by a purplish sandy limestone 2 to 3 feet thick, containing fossils, of
which the most characteristic is the Prionocyclas wyomingensis; about 125 feet
' lower down' there is uauallg a thin bed of impure limestone -also contammg
fossils. Near the top of the formation the shales usually confain numeryus

Py
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lens shaped lime concretions, in greater part from 2 to 4 feet in diameter, contammg
" Prionotropis woolgari.

Niobrara formation.-—The Niobrara formation extends- from north to seuth
across, central Colorado a short distance east of the foothill ranges of the Rocky
Mountains. To the east it underlies the greater part of -the State north .of
Arkansas River, but to the northeast is deeply buried beneath Tertiary and later .
Cretaceous deposits. It rises to the south and has extensive surface outcrops
along Arkansas Valley in Pueblo,. Otero, Bent, Prowers, and Kjowa counties.
It contains much lime in the form of limestone and impure chalk, usually with
considerable clay admixture, which increases in amouit to the west. The upper
members consist mostly of chalk and calcareous shale; at the base there is gener-
ally & bed of moderately pure hard limestone, or dolomite. '

The thickness of the formation in the Pueblo region and for some distance
down Arkansas Valley is 700 feet, but west of Denver and in Kansas ‘it is
“about 400 feet, appalently diminishing gradually to the north and to the east.
The upper portion of the Niobrara formation, consisting of calcareous shale, has-
a thickness ,of about 500 feet’ in the Pueblo region and half as much in-the
Denver region.’- The material is dark ‘gray in color whéen fresh, but weathers to
a distinctive bright-yellow tint, Occasional thin sandy beds occur; and nearly
everywhere are thin beds of hght -colored limestone containing large numbers of
Ostrea congesta, as shown in PL. XXIV. REEE oo

In ‘Arkansas Valley the fonnatlon contains concretions which are often of
° considerable size. In this valley there ‘is also an intermediate member of light-
gray. shales and ‘marls contalnmg a large amount of ‘lime, with- occasional thm'
beds of limestone contammg OStrea congesm This member is from 100 to 125
feet thick, grading downward into a persistent bed of hard limestone, which

is the westward contmuamon of the Fort Hays limestone of Kansas, a rock
extensively employed as a building stone at many localities. This last-named bed
averages about 50 feet in- thickness, and consists of beds for the most part
from § inches to a foot thick, sepalated by thin layers of gray calcareous shale.
It is of light-gray color, weathering nearly white on some of the surfaces,. close
textured and fine "grained, containing sufficient magnesia to be - classed as a.
dolomite. Its characteristic fossil is the Inoceramis dgforinis, but Ostrea congesm .
. occasionally occurs also. Its upper 15 or 20 feet are usually thinner hedded, softer,
and impule owing to admixture with’shale or fine sand. It is usually distinctly -
recognized in well borings by its hardness and purlty a thlcknesq of from 25 to.
.40 feet generally being reported. : o '

Pierre shole.—Nearly all of the Great Plams portion of Colorado north. of

Arkansas® River is underlain-by a sheet of this formation, which extends along

}
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the, flanks of - the Rocky \Iountams from Florence to Trinidad. Its thlckness is
great, ranging from 4,000 to over 7,000 feet adjoining the mountains to much less
to the east. About Denver and to the south and north it is overlain by Laramie
"and -still later formations, and in the high divides eastward, between Arkansas
and Platte rivers, it is mantled to a greater or less depth by Tertiary deposits.
In character it is a remarkably uniform dark-colored clay or shale, weathering
into a’ brownish-buff gumboj; -there are local slight variations in color and strati-
giaphic components, but these are.subordinate. to the general uniformity. Lime
concretions of various sizes are of frequent occurrence. Some local beds of sand-

stone and sandy shale are included,. which, in the Vlcmlty of Boulder, vield petro-
leum in considerable amount. :

The lime conuetlons begin to be abundant above the first 400 or 500 feet of

basal members -in "the formation and contmue to its top. The" ordmary type
consists ‘of lens-shaped masses, with a coat of rusty material on the ‘ontside and
dark-colored fine-grained .limestone within. Often the concretions are traversed
by cracks filled -with calcite. They vary in size from a few inches to 5 or 6 feet
in-diameter, but most of them are less than 2 feét in‘diameter and from 4 to 8
inches thick. They weather into the angular fragments with rusty surfaces that
are usually ‘found scattered over the surface of Pierre outcrops.
. In.the Pueblo i'egion these concretions, which are particularly abundant in a
zone about 600 feet thick lying from 400 to 500 feet above .the base of the
formation, carry fossils typical of the Pierre shale. Above this zone the shale is
paler in color and finer grained, and concretions are abundant, genemll) larger,
and much more-fossiliferous. "The fossils are often well pleserx ed, showihg the
actual shells w1th much of their original pearly luster. Baculites COMPTEsSUs, a
conspicuous fom], often several inches in diameter, and large Znocerami sagensis
abound. i .

In the zone to the south there are found occa,smnal ]alde concretions which
give rise to ‘“tepee buttes.” These masses consist of - *“coarse, gray, fossiliferous
limestone, irregular or rudely cylindrical in form, and standing vertical within
the shale-mass. Ordinarily they. are from 5 to 30 feet in horizontal diameter,.
and their vertical extent is greater. .As the wash of the rain carries, away the
shale, these cores, being more resistant, -are left projecting from the surface.”

© "In a measure they protect the shale from erosion and so give rise to .conical

™ hills -with shale slopes and a mass of the limestone at the top. On account of

" their form they have been called “tepee buttes.” (See Pl. XXXVIII, B.) The

. characteristic fossil in the hmeqtone is a small shell about an inch w1de known as.
Iucma 0cczdentalz9

- aGllbert, G. K,, Geologic Atlas U. S., folio 36, U. S. Geol. Sur%ey, 1897.
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A. GREENHORN LIMESTONE IN BENTON GROUP NEAR THATCHER, COLO.

View showing alternation of limestone and shale. Photograph by G. K. Gilbert.

B. TEPEE BUTTES IN PIERRE SHALE NORTH OF NEPESTA, COLO.

Photograph by G. K Gilbert.
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Above the zone of shalés containing the limestone lenses of tepee buttes there
are several hundred feet of dark shales. 4

In the Florence oil-field basin the formation is 4,000 feet thick, and contains
many thin beds of hard shale carrying -the oil. According to R. C. Hills, it is from
1,200 to 1,300 feet thick to the south about Trinidad. West of Denver it has a
thickness of 7,700 feet, greater than is observed anywhere else in the Great Plains
region, .There the formation contains thin local beds of limestone and a local bed
of sandstone about 2,500 feet above its base, which varies from.100 to 850 feet in
thickness. This sandstone is a soft, friable, yellowish-gray rock composed of quartz
sand and more or less clay, intermixed and intercalated. /

Fox. Hills formation.—The Fox Hills formation, ulthough of wide distribu-
tion beneath younger formations in the Denver region and through northeastern
Colorado, generally outcrops in a narrow zone. This outcrop appears near the
Wyoming State line-not far east of the foothills, and extends continuously along the
western margin of the Denver basin, dipping steeply to the east. It emerges from
beneath the Tertiary for some.distance in the vicinity of Colorado Springs, south of
the Platte-Arkansas divide, and it occupies a small circular area in the syncline near

-Florence. In the syncline of the Spanish Peaks basin the sﬁbposed southern
extension of its upper sandstone member, which has been separated as the Trinidad
sandstone, forms a pl'dminellt escarpment bordering the Laramie outcrop.

The maximum thickness of the Fox Hills is from 800 to 1,000 feet in the

_ Denver region, thinning locally to 500 feet at Golden, where, apparently, its lower
meml_)er is absent for a short distance. In the Florence district the thickness is 430
“feet-and yet farther south its upper member (the Trinidad sandstone) ranges from -
475 feet ahout Walsenburg to 150 feet at the type locality about Trinidad.

" In the Denver basin the formation is made up of a series of arenaceous shales
with occasional bands of clay, all of a yellowish color and surmounted by a persistént
50-foot bed of sandstone of greenish cast, weathering to light-gray ‘color. In the
Flovence district the cap of yellowish sandstone, though persistent, varies from
10 to,50 foet in thickness. The Trinidad consists of two members-—an upper one of
massive, greenish-gray sandstone, weathering to gray, with prominent joint planes,
75 to 80 feet in thickness; and a lower one, 80 to 90 feet in thickness, made up of
thin-hedded dark-gray sandstone in strata 2 to £ inches in thickness, with thinner
partings of shale. .

Cone-in-cone structure ts common in the Fox Hills beds, and a varying quantity
of sandy, limestone concretions. resembling those of the Pierre shale, occur abun-
dantly and are fossiliferous. Poorly preserved Baculites are found in many places
in the shaly member, and the tucoid, Halymenites major, occurs everywhere in the
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upper sandstone. In the Denver region this sandstone yields a rich invertebrate
fauna, as follows: : |

Mytilus subarcuatus. Crenella elegantula ’

Nucula cancellata. ' Cardmm ( Ethmocardium) speciosam.

Solemya subplicata. Sphaerlola cordata.

Veniella humilis. : . Callista deweyi. *

Callista (Dosinopsis) owenana. Mactra alta.

Tellina scitula. Tancredia americana.

Liopistha (Cyﬁxella) undata. Fasciolaria cheyennensis.
* Pyrula bairdi. ' Fusus sp.?.

Pseudobuccinum nebrascense. . Anchura americana.

Turritella sp.? - " Dentalium sp.?

Cylichna sp.?" :

. ]

Laramie formation.—~The Laramie is the surface formation in wide areas on
both sides of South Platte Valley, and, exﬁending southward” beneath the more
recent formations which cap the Platte-Arkansas divide, reappears in extensive
outcrops in the vicinity 6f Colorado Springs. A small’ outlying area of the Laramie,
bordered by the Fox Hﬂls, occurs in the Florence syncline. The Laramie and a
thick series of ovellylng formations occupy the extensive synclme of the Spanish
Peaks region south of Walsenburg. -~

In the Denver region the Laramie formation is from 600 to 1 200 feet in
thickness, and, like the Fox Hills, consists of two members, one of sandstone and
the other largely of shale; but, unlike the Fox Hills, the sandstone member is the
lower one, lying immediately over the Fox Hills sandstone, and often forming an .
_escarpment in connection with it. The two sandstones are easily distinguishable by
the mixture of mica with the sand in the Fox Hills, while the lower Laramie sand-
stone is exclusively, quartz. - A horizon of marine fossils also occurs near the top
of the Fox Hills:" C :

- The lower division of the Laramie comprises at the base two beds of white
sandstone, each about 60 feet thick, separated by 2 to 4 feet ‘of shale. A third
bed of sandstone, 8 or 10 feet thlck occurs 60 feet above the last mentioned, the
1nterven1ng space heing occupied by alternations of shale and beds of lignite, which
are extensively worked. A distinctive feature of this middle sundstone is the
occurrence of lé’rge concretionary forms, some as much as 30 or 40 feet long, of
the same material as the surrounding rock, but extremely hard."

" The upper division of the Laramie formation in the Denver basin varies from
400 to 1,000 feet in thickness, the smaller thickness being due to uneven denudation.
It consists chiefly of clays, through which are distributed small lenticular bodies of
sandstone, from 6 to 30 feet in diameter-and from 1 to 6 féet in thickness,.and
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innumerable concretionary ironstones, from 2 to 4 feet in diameter, which invari-
ably contain plant remains, often well presérved. -The coal of this division is not.
important. :

In the Florence basin the Laraniie formation is composed of- a succession of
heavy bedded sandstones ‘with intercalated shales, and, -in its lower portlons of
workable coal. The sandstones form an escarpment bunoundmg the mesa south-
west of Florence and constitute one or two small outliers, + o

In the vicinity of Walsenburg the Laramie has a #hickness of 1,000 feet,
which increases to the south, due to thicken‘ing' of the upper member and to less
erosion at its top, until, at the State line south of Trinidad, its thickness is 2,500
feet. A massive bed of sandstone a hundred feet or-so from the base of the
formation is persistent, and overlies an alternation of arenaceous shale, clay
shale, and coal. Above this massive sandstone the formation is predominantly
sandstone, but the sandstones and clay partings vary greatly in thickness.

The fossil remains of the.Laramie formation are limited to ﬁle characteristic

"Ostrea glabra, a unio, and 4 dinosaur of undetermined genus. Contrasted with

this there is.a rich subtropical flora, similar to the present-day flora of the
Gulf States, consisting of figs (15 species), oaks, ferns, palms, poplars, willows,

and tulip. In the region about Golden there are- 83 spem& which are pecullar

to the Laramie.
GEOLO.GY OoF EASTERN SOUTH DAKOTA.
GENERAL STRUCTURE.,

The greater part of eastern South Dakota is heavdy covered by glacial drift

‘Aand outerops 6f the undellymg formations are rare. Fortunately, however, there
. aré numerous deep wells, and from the records of these it has heen possible ‘to ~

ascertain some of the broader featufes of structare and stratigraphy. The Mis-

~ souri has cut a deep valley which affords extensive exposures of the older forma-

tions, but the prominent feature for many miles in this valley is a great succession
of high banks of Pierre shale.. Below the Great Bend Niobrara chalk -expo-

‘sures begin, and continue in the lower slopes as far ‘as the mouth of James

River. At this place the Benton shales and sandstones appear, and, approaching -
Sioux-City, Iowa, the Dakota sandstone finally outrops in the extreme southeast .
corner of the State. S ’ -

In the outcrops the rocks appear to lie homzontally, but when the relatlons
are studied it is found ‘that there are low dips in various directions. The prin-

" cipal featuré is a general rise to the southeast, which, together with the dimin-
© ishing height of the land, brings to view the lower formations in succession in. .

-
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that direction. There is also a low anticline with its axis extending westward
through Mitchell toward Chamberlain, which brings the Niobrara and Benton
formations -and the Sioux quartzite to the surface over an area of considerable
extent in James River Valley. This uplift 'is coincident with an old ridge of
Sioux quartzite which was a shore during the deposition of the Dakota sand-
" stone and, to a less extent, during Benton time, but apparently was almost,. if not
entirely, covered by Niobrara waters. It was an outlying ridge completely separated
from the main shore of g*ranites and gneisses which rise in Minnesota Valley
and northeastward. ‘

STRATIGRAPHY.

ARCHEAN AND ALGONKIAN.

The pre-Cambrian crystalline vocks which underlie the Central Plaing rise
rapidly in the eastern’part of South-Dakota and finally reach the surface. One area
of outerop extends from James River Valley, near Mitchell, eastward to the vicin-
ity of Pipestone, its appearance heing mainly due to an anticlinal uplift; another
is in Minnesota Valley, where the rocks rise on the slope of the great uplift
of the Minnesota area. The configuration of the ‘‘bed-rock” surface, as it is
termed in eastern South Dakota, is shown in Pl. XXXIX by contour lines
determined partly by 6utcrop5, but mairnly from numerous wells which either
have reached older rocks or failed to reach them, and thus, in a measure, have
delimited its depth. ’ : ; . '

In addition to the general gradual rise of the ‘‘bed-rock” surface to the
east, there is a conspicuously high underground ridge or promontory, which
extends through Salem and Mitchell toward Chamberlain. This ridge, so buried
" beneath later sediments that it has no effect on the present topography, has steep
slopes several hundred feet high, so that it.-would have considerable prominence
topographically if the surrounding clays and sandstones were removed. The
structure of the younger formations abutting lagainst this undergiound ridge
‘indicates that while it is partly due to anticlinal uplift it was also a ridge of

considerable height at the time of the deposition of the Dakota sandstone. The
-rock of this ridge, kunown as ““Sioux quartzite” throughout the area, outerops
extensively along Big Sioux River near Sioux Falls and at other points to the
west and to the northeast. This quartzite consists mainly of rounded or subangular
sand grains cemented by silica, and to a greater or léss extent built into -quartz
erystals. It is usually very compact and intensely hard, so that steel of high
temper is- generally required for drilling it, though some portions. are locally
much softer. The predominating color is pale pink, but some portions are
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gray, or buff. The bedding varies from slabby to massive. The thickness of the
formation is not known but a well at Sioux Falls 575 feet deep and one at
Mitchell 225 feet deep were in tvplcal quartzite throughout In Hanson County
the quartzite 11dcre rises steeply about 400 feet ahove an® underground plain or

" valley, whose floor several of the wells have reached and found to be of granite,

an occur1ence which probably mdlcates that the present thickness of the quartzite
rising to the south is 1ess than 400 feet. As the surface of the quartzite was
exposed to extensive erosion, especially durmg Glacial times, as shown by its
being deeply scarred ’ glaclal scmtohes the orlgmal thlcknBSb doubtless was"
greater than it is at present.”

To the northeastward, in the vicinity of Pipestone, the Sioux quartzite is
overlain hy or merges into a very compact red clay known as ‘ catlinite,” or ** pipe-
stone,” a’ material which has been long employed by the Indians for the manu-’
tacture of pipes and other articles. A few impressions reseinbling Cambrian
tossils were: 1ep01ted from these deposits by Prof. N. H. Winchell, but it is believed
that the-Sioux qua1fz1te as a whole is Algonkian, from its similarity to quartzites
farther to the northeast, which are known to underlie Cambrian rocks. -

The Sioux quartzite is penetrated by dikes in the vicinity of The Dells, near-
: Ganetaon, Minn., and an igneous mass has been found in well drillings in the
southwest corner of Minnesota, and pObblbl} also in sec. 25, T. 104, R. 58'in South
Dakota. Outer ops of the Sioux quartzite occupy a LonSLderable area at Sioux Falls
and vicinity, and it rises in extensive and very plctmesque walls, often 50 feet high,
in The Dells, near G&lletbOD, and on Split Rock Creek.  The vertical. cleavage
which the rock presents in these .two localities is a chamcten_stm,temtule, and is
the principal factor in the palisadal structure that it exhibits. To the west the:
- rock outcrops in most of the deeper valleys between Sioux Falls and Mitchell,
notably on Vermilion River southeast of Parker, along East Fork of Vermilion
River below Montrose, West Fork of Vermilion River né_ar Salem, south of Salem
on Black Earth Creek, on Wolf Creek near Spencer and. near Bridgewater, on "
Pierre Creek northeast and southeast of Alexandria, on ‘Johrison Creek and its -
branches north and east of Fulton, on Rock Creek northwest of Fulton, on James -
River west of Alexandria, at Rockport, and: on- Enemy Croek'néar its mouth.

_ Beyond the area of outcrop the quartzite has beén reported from numerous.
wells of moderate depth in Minnehaha, Moody, Turner, Lincoln, McCook, Hanson,
Hutchinson, and adjoining countles It has -heen reported in deep wells'in Aurora
and Boadle counties, and at Scotland and Tyndall, in Bonhomme County. .

In the records of borings which are claimed to have reacheéd bed rock the nature
 of the material has not always been asceltalned some of ‘the drillers reporting ‘“ hard
-10001—No. 32—05——8 ’
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rock,” or ¢ very hard rock 7 which glves no clue to its nature. In a few ‘cases

samples have been obtained and submitted to persons qualified to determine the

" nature, but more often there has been only the judgment of the well drillers. “Ordi-

narily these persons have been able to recognize the typical Sioux quartzite without
much doubt, but with other rocks their judgment is open to considerable question.
It is asserted also that in :several instances rocks collected on the prairie have been

~placed in the wells and afterwards churned up. by the boung machine, either for

_mischief on the part of some foolish person, or by the drlllel for the purpose of

-

giving the impression that he had reached ‘“‘bed rock” an‘gguld abandon further.
boring. In the following list are given all the data so far obtained regarding the
occurrence of “‘ bed rock” in the borings in the eastern portion of the Dakotas and
in the immediately adjoining portions of the adjacent States. In this list are not ,

_included the many shallow wells which have reached the Sioux quartzite where it is

near the surface in the eastern portlon of Hanson County, central McCook Lounty
and in the counties to the east. '

List of wells to or into bed rock, mainly in South Daketa.

Location. : " Rock. - p ’ " Depths. .

. : ) Feet.
Jamestown Asylum. ... U eeSeees e Hard limestone ............... . 1,505-1, 524
Aberdeen ... o S ‘.._“":__{Quartmte...._......l .......... 1,221-1, 267

. L ~ Granite...__... e - 1,267-1, 300
Budlong well, T. 114, R. 62, 060 18 . vneooeoeeo . {Q“‘i‘rt“te TTraTemmeeeeseeoes peel o 9227995

- e Gramité.. ... .............. . 995-098}
.Glidden well, three-fourths of a mlle wwest-northwest [Quartzite ... e el b ,083-1, 142
Of HItOREOEK - + o eeemmieieeeanaenen se-eeve--<-\Granite......o...... L .li...1,142-1,150
Motley well, T. 115, R. 61 T O “* Very hard rock” ... _. . * 1, 050
Wolsey . oooenenie. ceenio TR NN I A0 928930

Huoron......o...... et taetesaeaieoesiieaeecaeanns Quartzite on granite..._._._ ... 1,070-1,139 -
Bohri well, near Raymond........................L__. s T eeeel it 1,198-1,200
T. 102, R. 61, sec. 18 Lo\ itioiiiieiiiiion e “Quartzite” ... ... I 280

T. 102, R. 62, sec. 25...-'.-_ ........... U S do...... e L 280 -
Brookings ........l.. reeeeaad ; ........ Quartzite ..... SRS - 556
White Lake ............. e e teceneeteanans Sioux quartzite.._........._... © 900
Plerre . oo oo . e “Granite” ................... 1, 250-1, 256
Henneau s well, T.- 103 R 68, sec. 34 .............. Sioux quartzite.. .. ....... o o 849
T 103, R. 61, sec. 17 “ Quartzite™ ... ... oo .. © 312
Plankinton ®...oooooooieeiioao... s - .| Sioux quartnte ................ - 745—336
T. 104, R. 58; séc. Pl R o] Gramite. ... C 512-518
T.104, R. 58, SW. § sec. 25.. 1.0 iu i .| Diabase..eeuvneenenn b 506

@ Another well nearby found no “bed rock’’ to a depth of 1,537 feet, -
b Nettleton, E 8.,"Artesian and underﬁow mvestlgamon Report to Secretary of Agnculture pt 2 1892



WELLS TO BED ROCK ON THE GREAT PLAINS. 115
List of wells 10 or into bed rgck, mainly in South Dakota—Continued.
Location. Rock, Depths.
Feet.
T. 104, R. 58, 86C 36 <ot iiaccaanan Quartzite . ... ... ..___.. 480
T. 104, R. 60, s€. 29 .. ool ciiiiiee i eenns Y 228
T. 104, R. 57, 860, 13 oo oo coe ) U Hard rock e, 204
" T.104, R. 57, NE. Ysec. 17 Lo Gray granite. ... ... ....... 510
T. 104, R. 57, NW. }sec. 19.. ... oo oo iaiiaaanes do ool 557
Fulton ..o e Quartizite. ... ..o ... . 30
Ethan........ ... ... .. “Hard rock” .. eeeooo el 320
T. 104, R. 60, 8¢ 25 .. ooooti e eat L T 115
Mitchell.. .. ... FUTU . e Quartzite .. ..... ... ... 540765
Doxheimer well, T, 103, R. 57, sec. 11............ L. Jasper” Lol iiolil.. 153
T. 103, R. 61, sec. 25 _.... e et Dark-gray granite ......... JE 500
T. 102, R. 60; sec. 20 0 Lo S “Quartzite’ ... .. . ..o ... 195
. Quartzite ... ... ..o .. .- 40
ALEXANATIA -« <o oo e With sandstone and water be-
R low, and in one well hard
e rock from ....... ... 490496
T. 104, R. 59, sec. 29 (2}, ... ....... s Quartzite . ... ... ....o..... 100
Elm Springs ......... R PG do.eoen 247412
SPENCer ...t e “Jasper” .. RO | 100
10 miles southeast of Salem _.._.................... Quértzite ..................... 170
ST (=3 11 RN Sioux quartzite. ............._. 220-247
West Point region...._..._.... . s Quartzite ...... ... ..., 300
Humboldt region ... ... ... ... R R do el 140-153
Sioux Falls . oo PR do i 0-575
County well, T. 100, R. 62, sec. 18. .. .oooueeenaa .. Granite. .. ....o.o.o.....o.... 1,025
County well, T. 100, R. 64, sec. 26......... toe..i...{ Hard rock, ““granite” ......._. 937
7 miles north of Parker....._... s Quartzite .. ... ... ... 140
Parkston . ...coeooiii i P Sioux Falls quartzite -......... 510-522
DO e U I A0un e 542
Menno - ........... e SRS S A0t 410417
- 510-513
Well in center of Turner County ... ... .._........ “Very hard rock™ ... . ... or
o ‘ 556-559
Well 7 miles southeast of Canastota .._....__.__.... Quartzite __.. .. ... ... ... 140
Fort Randalle ... ... “Hard rock” ......... e 576-610
Scotland @ .................. TR QuATtzite - - ..ooeoeiioi 535-587
Tyndallé ............ e PR I s [ S BT 735
Yankton .........oo..ooo.oo.... e “Granite’ __...._.......o.... 898-942
. 5 miles north of Alcester...... e e “Hard rock™ .............o.. - 480
Verblen, Marshall County ~. .. .._.2............ .| Granite.........i.o.co....l. 860
Vermilion, University well .. _......._:........... Quartzite ... oo, 630

. al\'e‘ttleton, E. 8., Artesian and underflow investigation: Report to Secretary of Agriculture, pt. 2, 1892,
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List of wells-to or into bed rock, mainly 'iag South Dakota—Continued.

Lclycation.' . . Rock. : ) Depths,
. . Feet,
Layson well, T. 94, R. 61, sec. 224 ... ____...._.... “Very hard rock”™ . ._......... 1,074-1, 0753
Elk Point ..o iie i “Hard rock” ......... s 308
DO et PO SRS do ....... R 367
Milbankd ....o.ilo e eeeesiosasbend Granite. oo Dol 280-303
"Albee, Girant County ... ... s R Sl aes
Whiterock, Roberts County, 8. Dak...._.......... |-.... do........ fer eieieenans ‘ 500
“Brown Valley, Min. b ... ceoouoooonomiomnannn. Granite (?) .o oeueenaenneonnss 425465
Canby, Minn ... .. .. iiiiiiil.L eenannn “Granite” ... io.io... 400°
Moorehead, Minn. ¢.J....oo..oocuiiii i Granite...........ooeeeeoo... | 860-1,750
_ Marshall, Minn., 6 miles south-southwest. .. .._._...L. eeendO 505-505%
- - - T - Sandy shale-and green clay e - 420-455
Ponca’ Kebr. « -j--.'------.'---.'" ToTTTTTmTmTmmnes {leestone ......... PO . " 455—198
[\(Limestone, chalky at top ...... 335-1, 255
. ) Sand, marl, etc .. ...... e 1, 2565-1, 320
_Sioux Clty, Iowad ........... eeeeesesaseenen.---2]t Limestone and sandstone ......[....
: C o ‘ Quartzite (7)...... NS ! 1,510-1, 595
Granite or gneiss...._.._.____. \ 1,525-2, 071
4

’ aXNettleton, E. 8., Artesian and underflow investigation: Report to Secretary of Agriculture, pt.2, 1892,
bWinchell, N. H., Notes on some deep wells in anesota Fourteenth Report Geol. and Nat, Hxst Survey Mumesota
1888, p. 14,
eWinchell, N. H., Natural gas in anesota Bull. Nat Hist. Survey Minnesota No. 5, pp 2"—31
dTodd, J. E., Notes on geology\of north-northivest Iowa: Proc. Iowa Acad. Sci., 1891, ° '

) These data, in the main, satisfactorily agree with one another and with the
igene‘ral structure. A few indicate rather unexpected details of configuration of
"the ““bed-rock” surface, but, on the whole, the apparent distribution of the

various rocks and the underground contour of the surface on which the water-
bearing beds of Dakota sandstone lie are evervwhere in reasonable accord (see .
Pl. XXXIX). The general form of all the larger feature‘s is mdlcated at least
applonmately, by the experience of more than one well. It is undoubtedly the
case that more complete data, or different interpretation of certain well records,
‘might suggest modification of the contours shown, but it is thought that it would
be in respect to minor details only. ' _ ‘

The high quartzite ridge extending underground nearly due east and west
" through Minnehaha, McCook, and Hanson counties, and prolonged with diminished
height to White Lake and beyond, is perhaps the most noteworthy feature shown.
Its extent and altltude ale deduced very obv1ously from the -experience of “a
large number of bormgs which dre fully in accord in nearly every respect. In
_several Wells the Sioux quartzite, with its unmistakable texture and pink -color,
was penetrated for a number of feet and between James River and Enemy
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. Creek, near Mitcheli and the Minnesota liné, are numerous exposuves of the rock
© in the depressions’ which cross this buried ridge. As previously stated, at Sioux
Falls the typical Sioux quartz1te was penetrated by a boring to a depth of 575
feet without reaching its base, and at a number of other points as far west as-
White Lake it has been penetlated to a considerable depth." )

I e‘camlned a sample of the material penetrated between 512 and 518 feet, y -
from the boring in T. 104, R. 58, sec. 24, and- found that it was a dark granite.
This-wag at the base of the north side "of the buried - quartzite ridge above
referred to, and would indicate” that the quartzite' is underlain by granite. In’
two county wells in the northern part of Douglas County gramte was reported
in a similar position' on the opposite side of the quartzite ridge, but the identity
cof the rock is open to some question. ' The deep xalley in the bed-rock surface
lying north of the buried quartzite ridge is 1ndlc¢mted by the fact that the Hulon -
Iroquois, VVoonsocket and Madison wells did not reach bed rock.

o At Madison the boring penetrated to a point about 587 feet above sea level,
and was discontinued in shale.v The evidence of the line of borings from Brook-
ings to Wolsey indicates some’ interesting features of underground topography in
the bed-rock surface. In none of the borings is there definite evidence as to the
nature of the rock pen‘etﬂ;rated. In the case of -the De Smet well, it was at one
time supposed that the quartzite had been reached in a hard rock at a depth of
1,456 feet; but at 1,470 feet the drill passed out into soft sandstone, presumably

- of Dakota age, which carried water. As no bed rock was reported in the 800-foot
boring at Arlington, the bed-rock surface evidéntly slopes down gradually from
1,160 feet above sea level at Brookings to less than 200 feet ahove sea level at
Iroquois, where no bed rock was reached. At Huron the occurrence of bed rock
at slightly less than 200 feet above sea level indicates the position of the deeper
portion of the basin, for the bed-rock surface appears to rise rapidly to Wolsey.
Colonel Nettleton is authority for the réported occurrence of the rock in the Wolsey
well at an altitude of 420 feet above sea level, as he states in his “log” of this
well that at 928 feet the boring_ entered’ very hard rock, into which it penetrated |
9 feet. This would indicate the presence of a ridge terminated on the west by
a steep slope, as shown by the deep wells around Miller and St. Lawrence; on
the south, as indicated by wells north of Wessington Springs; and on the east;
as indicated by the deep wells southwest and southeast of Huron, none of Whlbh
reported bed rock. -

The presence and plolongatlon of this ridge to the north is fully borne out
by the experience of three wells north and northeast of Hitcheock. In two of
these, the Budlong and Glidden, quartz1te was bored through and the granite
_entered for a short distance. In the third well, on the farm of Mr. Moxley, bed

»
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rock is reported at about the same altitude above tide level as in the Budlong
well, but it was not penetrated, and its nature was not stated. I examined borings
from both the, Glidden and Budlong wells, and there is no doubt as to the nature
of both the quartzite and the granite as indicated in the logs and stated in the table
given on pages 114-116. The middle portions of the quartzite in the Budlong
boring were not so distinctive in character as the upper and lower beds, for they
appear to be of a somewhat softer material. The borings from the granite contained
unmistakable feldspar fragments of jagged outline and in very fresh condition,
together with some scales of mica and a large amount of quartz, mainly showing
sharp edges. Some of the quartz grains were rounded, poss'ibly by water action,
but just as likely by the churning of the drill. It is also possible that some or
all of these rounded grains were of sedimentary origin, but in this case they
were undoubtedly derived from the overlying quartzite. It should be borne in
mind in making a judgment on material of this character that there is more or
less detachment of the overlying materials by the'drill in both its descent and
ascent, below the bottom of the casing. As the process of drilling in such a hard
rock as granite is relatively slow, there is much more chance for admixture of
material detached from above than in the case of rapid progress through soft beds.

The precise course of this ridge, which passes north of Hitchcock, probably to
Wolsey, and its relations to the adjacent slopes of the bed-rock floor eastward are
not definitely known, but the experience of the Bohri well, near Raymond, and the
absence of bed rock in the 1,200-foot boring at Clark indicate approximately the
features shown in Pl. XXXIX. The Doland, Redfield, Ashton, Turton, Conde,
Mellette, and Northville deep borings, which did not reach bed rock, indicate that
it is not prolonged to the northward. The Bohri well penetrated supposed bed
rock for 2 feet, but no report was given as to the nature of the rock except that
it was very hard. The deepest boring at Aberdeen found the water-bearing beds
and some underlying shales and sandstones underlain by 46 feet of quartzite lying
on granite, which was penetrated 83 feet. This relation of the quartzite to the
granite is in accord with the experience of the wells near Hitchcock. The position
‘of bed rock in the Aberdeen well, in relation to that in the Hitchcock region,
indicates a relatively gentle slope from the top of the Wolsey ridge to Aberdeen.
To the east of Aberdeen there is but little evidence as to the nature and rate of the
bed-rock slope, but the relations of the Groton, Andover, and other wells which
did not reach it indicate that.its rise is very gradual.

The boring at Milbank, in 'which the granite was penetrated for some distance,
the surface outcrops of the formation in Minnesota Valley below Ortonville, and
the présence of granite at a depth of 168 feet at Albee, all bear out the idea of
regular slope. The Brown Valley well appears to have reached the granite on this
slope and to have penetrated it for a short distance. The material is not stated to
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be granite by Professor Winchell, but as part of the borings were' “greenish,
micaceous, kaolinic clay or shale,” and *‘ white, opaque, and whoﬂy unwaterworn
éngular quartz grains,” it seems exceedingly probable that the material represented
granite in at least the lower 40 feet of the boring. The well at Jamestown Asylum
in North Dakota is reported to have penetrated for 19 feet at its bottom into hard lime-
stone, which probably was either the Carboniferous or the Silurian, both of which )
come to the surface in Manitoba. The underground contours from Jamestown
to Moorehead are constructed on the assumption of a regular slope. The edge of
the limestone does not extend to Moorehead, where the deep horing passed through
drift and possibly Cretaceous beds far into the granite.

Returning to the southeast corner of South Dakota, it is reported that the
quartzite was penetrated in a number of wells, including those at Parkston, Scotland,
Tyndall, Menno, and a well southwest of Parker. At Yankton the granite was
reached. At Fort Randall the natme of the hard rock, which was penéetrated for 34
feet according to Colonel Nettleton, is not stated, but presumably it was quartzite.
The nature of the hard rock found in two borings at Elk Point is not known.
The Ponca and Sioux City borings found Carboniferous limestone underlying the
Dakota water-bearing series, possibly with a thin intervening representative of
some intermediate formation. The Sioux City boring passed through a great mass
of the limestone, through some limestone and sandstone, through 15 feet of a hard,
brown rock, which, according to Professor Todd, may be the Sioux quartzite, and
then penetrated nearly 550 feet into hard, gray granite. The borings at Parkston,
Menno, and southwest of Parker indicate that the buried quartzite ridge which is so
prominent from near Mitchell to Sioux Falls sinks almost as rapidly to the south as
it does to the north, and this slope is further delimited by the experience of borings
near Parker and in central-western Turner County. The steep slope in the Canton
region is indicated by the relation of the surface outcrops, the rapid increase of
thickness of the Dakota and overlying Cretacous sediments, and the experience of
one or two borings in the southern part of Lincoln County. To the south of the
steep southern front of the buried quartzite ridge there appears to be a relatively
gentle slope intersected by two valleys, one of which heads near Menno, as indicated
by the failure to reach bed rock in a 747-foot well, and by the relations of the wells
in eastern Douglas County.

The irregular contour of the bed-rock surface, as shown in Pl. XXXIX, is no
doubt partly due to subaerial erosion prior to the deposition of the Dakota sand-
stone. It has been suggested that the quartzite ridge which extends through
Mitchell is a portion of the Dakota sandstone locally lithified, but the evidence of
overlap and many other relations appear to indicate that this can not poss1bls7 be
the case. :
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PALEOZOIC.

" While. it is probable that the Paleozoic rocks extend some distance east from
the Black Hills, south from Manitoba, and north from Nebraska, they' are absent
in the greater part of the area of South Dakota lying east of Missouri River.
The deeper wells at Aberdeen and Pierre found materials, apparently all of Creta-.
ceous age, lying directly on the old erystalline rocks. South and east of these
localities the same conditions prevail, and on the underground ridge of the Mitchell
region even the Dalkota sandstone is absent in an area of considerable size. To
the south of this ridge numerous wells, as far south as Yankton and apparently
also at Klk Point, have found the Dakota sandstone underlain by quartzite and
granite without suggestion of intervening rocks. At Ponca, however, the Dakota
sandstone is underlain by a series of limestones- and- sandstones which undouhtedly
represent the Carboniferous and possibly still older sedimentary rocks, -and at
Sioux City, Iowa, similar relations were found. These indicate that the Paleozoic
" rocks, especially the Carboniferous, which is so extensively developed in Iowa and
Nebraska, extend at least to the southeast corner of South Dakota.

°

" EARLY MESOZOIC.

The red beds and marine J ql‘assic“ formations probably do not underlie eastern
South Dakota: Tt is possible, however,-if not probable, that the formation there
termed Dakota may include in its lower members the Morrison, Lakota, and Fuson
formations of the Black Hills and of the Rocky Mountain region. There is, however,
no direct evidence on the subject, and it is mentioned here as a suggestion merely.

LATER MESOZOIC.

Dakote sandstone.—The Dakota sandstone underlies the greater part of eastern
South Dakota, rising to the surface in the extremeé southeast corner of the State.
The predominant material is soft sandstone, moderately fine grained and porous for
the most part, and'of light-gray color. There are intercalated beds of clay or shale,
of greater or less extent, separating the sandstone layers. . The sandstone lies directly
on crystalline rocks—granite or quartzite—but is absent on the higher part of the
underground ridge of quartzite in the Mitchell region eastward. Although it rises
in approachmg this quartzite ridge, due mainly to anticlinal uplift, it does not arch
over, but appears to be terminated by a shore line, beyond whicu there is an overlap
of the Benton forimation.

The configuration of the hase of the Dakota sandstone, or *“bed rock,” is repre-
sented in Pl. XX XIX, and that of the upper surface in the map, Pl. LVIIIL, in which
it will be seen that the contour lines represent considerable difference in’ slope from
that of the bed-rock surface, a difference indicating variations in thickness of the

p
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formation. This is an important condition as affecting water resources, but there
is great scarcity of precise data beanng on -the bub]ect The formation thins
Tapidly on the slopes of the quartnte ridge -in the Mltche]l 1eglon and apparently
also about Kimball and Hitchcock, but in other portions of the region appears
to average from 150 to 300 feet in thickness. In no two sections is there found
.the same succession of beds having any constant thickness. - The deepest well at
Aberdeen penetrates the formation to the underlying **bed  rock,” indicating' a,
thickness of 301 feet, lying between 920 and 1,221 feet and pleaealtlng the follow-
ing succession:

Geologic section of Dakota formation in well at Aberdeen, 8. Dak.

Feet.

Dark-gray sandstone, water_.... N SR 15

- Brownish and gray sandstone, pebbly in part, some pyrites and shale... 5. ... 142

Fine gray sandstone e e 23

Fine, hard brown, shaly sandstone .......................................... 72

Fine whiteclay ... ................. e e e e 15
Fine gray sand, no water _........ e el . 54, ’

Quartzite. - - o o ‘

Another report gives 77 feet of clay as constituting the lower part of the 142-foot
series and 37 feet of clay the lower part of the T2-foot series. : .

- In Splnk County many of the deep wells penetrate the sandstone 101 from 40
to 208 feet, traversing thick masses of sandstone with thin bodies of shale. The
Frankfort well penetrates the formation from 800 to 1,008 feet, with the fol]owmg
succession:

Partial geologw section of Dakota formatwn in well at F: ccnlfort, S. DaL

. ~ . Feet.
'Conglomerate, at8()0feet......n.._.........._...._...t .............. e -3
Sandstone ..._.... el R e 122
AT ShAle « o o oo e e e 20
Sandstone ........... e T T .- telii el s 40
Hard shale ..........._..... ) 15
Sandstone .._....... ............................. S 8+

Near ‘Hitchcock are two wells, the Glidden and the Budlong, penetrating to the
granite of an underground ridge of, the older rocks on which there is _thinning
and change of character of the Dakota beds. The successmn is as follows begin-
" ning at the first sandstone below aver, y thick mass of Benton shales:

Geologw section of Dakota formation in Glidden well, th’ree-fourths mile west-nor@hwest of Hitchecock, S. Dak.

Sandstone, at 881 feet - ..o...oli ..o SRS SRR 6
Shale and limy conglomerate ..«......_.. ._\ ........ . 30
White “limestone” ... e L Dl 20

. Yellow sandy shale -....._... . ....... S SRS

FIN



122 GEOLOGY AND UNDERGROUND WATER OF CENTRAL GREAT PLAINS,

White sand, main flow ... oot 3
Shale and limestone ... ....... e e e L 62
Coarse SanA . ... e a e 10
White shale and limestone._ . ... .. e 38

Quartzite,

This record was furnished by P. J. Stacy, the borer, whose identification of
materials is exceptionally reliable. The section presents some features unusual for
the Dakota formation. N

Geologic section of Dakota formation in Budlong well 5 miles northeast of, Hitcheock, S. Dak..

N Feet.

Sandy shale, at 776 feet ... ... 10
Hard sandstone. .. ... it aanan e e e iaeicieaaoan 3.
Conglomerate. .. ... ..o i e cee—aoa- 30
Sandstone, soft .......... PR e e B
Dark shale ._....__.. P 10
Sandy shale .: ..ol P 12
White shale. ..o e e eiieiiiiiaaaaa- 19
Conglomerate._ ... .. .. iiiiiiiaaa. U 25
Sandstone, dry...._..... ) i 12 -
‘White shale... . ... ... ... e e e et eeaaaaan 19
Quartzite.

The~ Bohri well in Clark County, a short distance northeast of Raymond,
entered water-bearing sandstone supposed to be Dakota at the depth of 1,005
feet and was bored to ‘“hard rock,” presumably quartzite or granite, at 1,200
feet. The following record is given, which, if accurate, shows a remarkably
thick body of shale below the sandstone:

Geologic section of Dakota? formation in Bohri well near Raymond, S. Dak.

Sand rock and shale, at 1,005 feet. .. oeo oo me e FBG;O -
CLAme Tock T L il 25
SANASEONE - -« oo . e e e e e et e e e e e e e e 3
SRALE - -« e e e e L 90
Green shale with rock layers ... ... ... .o ... ... .. 55

_ Hard rock (*“quartzite’?).

Two wells at Huron in Beadle County have bored through the Dakota sand-
stone into the undetlying quartzite and granite; the following is the record in
one of them: - i

Geologic section of Dakota formation in city wells Nos. 8 and 4 at Huron, S. Dak.

Feet.
Sandstone, with strong flow, at 740 feet. . .. ... il 5
Sandy shale.._.__. SRR AR 1)
Hard sandstone. . .. ...l 12
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. " Feet

Sandstone; MUCh WALET - . ... oottt ieia e aaeaaaanaa——- 65
Gray lmestone ... .t iat e teeecaaciaeacaacaactaaaaaa-n
1S Y ) U _

. 58
Sandstone, thin ... ... . il o i et iae e
ST 0T L
Sandstone ... ... .. iiioiiiiiiiaaa. e et taeeectancaaeveeaaeaeaana 3
Black shale. ... . o it P, 125
Pebbly sand and water. .. ..o i it ieeaaeaaan 9 )
Coarse sandstone on quartz rock or granite ... ... ... ... ... . 30

At Wolsey, 12 ‘miles west of Huron, is another well which is claimed to have
gone to the base of the Dakota formation; the following strata are reported:

Geologic section of Dakot sandstone in well .at Wolsey, S. Dak.

, . Feet
Sandstone, with flow, at 808 feet. .. ... . . .o e 30
CLimestone’ (1) oo i e 20
Sandstone............. e 20
Hard shale ... . oot i 15
Sandstone ........... e L e e e ettt 10
“Limestone” (?) «.oov.oi o 25

At De Smet, on the highlands 80 miles east of Huron, a deep boring passed
through a thick series of sandstone with shale intercalations, probably comprising
the greater part of the Dakota formation and including in its upper beds the
lower portion of the Benton formation.

Partial geologic section in lower part of boring at De Smet,S. Dak.

Feet

Hard sandstone, at 840 feet .. ... ... ... . ... ... . .... e 25

- Benton(?).. Sandstone-...;...‘.....-........_...............:.‘ ............. 120
D )£ 7 U= S 200

720 076 151103 o 1< 271

Dakota..... Hard sandstone .. .. oo oo e 14
SANASEONE . - -« o et et eiaas 140

In Sanborn County many wells have reached the Dakota sandstone; the well
at the mill at Woonsocket penetrated a solid mass of it from 697 to 775 feet, but
had no need to go to the base. A well 2 miles southwest of Letcher reports Dakota
beds from 400 to 863 feet without reaching their base; the material is mainly
clay, including several sandstone layers with flowing water. In the Ashmore well,
southwest of Artesian, the Dakota appears to have been entered at a depth of
626 feet; its upper members are 6 feet of sandstone and 67 feet of shale, lying
on sandstone, which was penetrated 2 feet.

In Davison County the thicknesses are variable and diminish rapidly to nothing
in an irregular area on the higher slopes of the underground ridge of Sioux
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- quartzite, south and southwest of Mitchell. At Mitchell the Dakota formation
appears to extend from a depth of 445 feet to the quartzite at 540 feet, comprising
39 feet of sandstone above and 11 feet of sandstone at base, separated by 50 feet
of shale. In the Smith and Davison well, 4 miles southwest of Mitchell, in a
valley in the buried quartzite ridge, the formation is represented by 40 feet of
sandstone and 10 feet of shale lying on quartzite, the top of which lies at a depth
- of 475 feet. At Ethan only 8 feet of sandstone, which may be Benton, .occur on
the quartzite. In the Lowrie well, northwest of Ethan, the formation appears to
be 92 feet thick, lying on quartzite at a depth of 477 feet.and consisting of a
top member of sandstone about 30 feet thick and a lower series of shales. The
formation thickens rapidly to the west and south, and in the J. K. Johnson well,
8 miles due north of Mount Vernon, the section, without reaching the underlying
bed rock, is as follows: ' ‘ :

Partial geologic section of Dakota formation, north of Mount Vernon, 8. Dak.

) . . Feet
Sandstone, at"350 feet .....__. e e eeaeeeieaaan 70
Shale ...... e e m e eeeeeaeaaaas L 50
Sandstone ... ... ... e e e e 36
1] 0P g 95
Bandstone .. ... ee i il 44+

In Aurora County several wells penetrate the formation a hundred feet or more
and find alternations of sandstone and shales. The well at Plankinton is sgﬁd to
have reached granite at 756 feet; the overlying Dakota, nbeginning at a depth of 538
feet,-appears to comprise 218 feet of beds consisting largely of shale, with several
thin sandstone bodies. At White Lake, beds from a depth of 790 to 850 feet are
l'épo;'ted as sandstone and shales lying on supposed granite. The Storla well, in
the northeast corner of the county, reports beds apparently Dakota from a depth
of 457 to 760 feet, as follows: '

Partial geolngic s’e¢tion of Dakota forméltion n Storla well, Aurora County, S. Dak.

. R Feet.
Sandstone, at 457 feet .. .. . ie i i 13
) 2 R e 60
Sandstone ... i 5
Shale - e e 30
s S e) - S 10
Bhale L e e e et 45
Sandstone-..----...-_.-..-..--...-......-.-..--..-_--.-.....-...-......;.- 10
] 110

- SANAStONE s e e e aee e aana ROT et T 204
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In the DouO‘an well, 4 miles northeast of the Storla well, there ‘were 23 feet of
sandstone on 60 feet of shale, lying on sandqtone In the Bartow well,3 miles
. northeast of Plankinton, the followmg beds are reported:

°

Partial geologic sectum of Dakota formatzon in Bartow well, near Plankmton, S. DaL

" Feet,
Sandstone, at 455 feet ...................................................... 61
1) 0 ) (= 104
IS0 16 (] 0 1= S A Few
Bhale, ebe ... il e i ittt .- 183
Sandstone.......: ....... et aaaaas s 2+

In the Rebley ell 4 mil‘es southeast of Plankinton, ‘the section'iS‘aS follows:

Pamal geologic section of Dakota formatwn in Resley well near, Plankinton, S. Dak.

Feet R
Sandstone, ab 477 feet. o 12
] L 116
D1 £ 05 1 N 5
B S 24 .
D 1 10301 S 89+

-

The for mation is absent in the central and southern portion of Hanson County,
but in its northern and nor theasteln part has been penetlated by several deep wells
and found to consist of from 20 to 53 feet of sandstone lying on granite or giartzite. .
Apparently it thickens 1ap1d1y to the north under the western palt of Miner County
and in the southeastern part of Sanborn County.

In the northern portion of Hutchinson- County the f01mat10n thins out against
the Sioux quartzite slopes, but is more than a hundred feet thick ‘to-the- bOU_th and
to the west.- At Parkston it appears to have been enter red at a depth ‘of 460 feet and
found to end at *very hard rock,” probably quartzite, at 542 feet. Its upper mem- -
ber is a 12-foot bed of eandstone, below which there are alternations of'shalebend '
sandy shales. A later bo11ng gives 35 feet of sandstone on 20 feet of shale, lying on
the quartzite at a depth of 520 feet. At Tripp 110 feet, of sandstone are 1ep01ted
extending from 729 to 824 feet in depth without reaching the bottom of the forma- .
tion. . In the Morris well, 5 miles north by w_ést of Tripp, the formation was pene-
trated from 505 to 595 feet without reaching its bottom. It consisted of sandstone
with muddy layers below a 7-foot shale bed, with a very hard sandstone cap 28 feet
thick at the top. - b o '

.. But little is known of thé thickness or character of the formation in the south-
west half of Turner County, which it underlies. ‘A well at Hurley appears to have
reached its top at a Ade-pth, of 400 feet; 3 miles west of that town a well 513 feet deep.



126 GEOLOGY AND UNDERGROUND WATER OF OENTRAL "GREAT PLAINS.

is-reported to have passed through 93 feet of sandstone, with some pyrites and shale,
and to have penetrated the underlying quartzite 3 feet.

In Clay County the Dakota sandstone is reached hy many wells, but none of
thém appear to penetrate it for more than 30 to 40 feet.

_ In Yankton County several wells have been drilled 150 to 200 feet into the forma-
tion. At Yankton one of the later borings in the city has reached the underlying
grénite at a depth of 898 feet; in the Asylum well, 3 miles to the north, it is reported
that Sioux quartzite was reached at $25 feet. These data indicate a thickness of 415,
to nearly 500 feet for the Dakota formation. The following record ¢ is given of the
lower beds in the city deep well:

Geologic section of Dakota formation in well af Yankton, S. Dak.

N ) Benton?. ) {Sand rock, at 353 feet. . ..o ... 20

’ ] 5 ) U P 37

THATA TOCK - - - - e e e e e e e e e e e e e e e e e e e 3

Sand With Water . . . ...t et e e—aaaa 15

] 0 ) 1 IR 17

.Sand with water .. .:. .. oee i e e 30

Hard rock . .o 4

1 S LT

o 2

0y RN 1

0 [ PN 26

Hard sandstone ... .. ..o omoa oo el et 10

Sand with Water .. o . .. i e 15

Shale ..o il 20

TN 016 1703 oY S 29

Fine sandt ... e e e 196

L0 2

R B OO 62
Greenish clay. . .. e iiiieeiaaae.

Tough green rock.

In Bonhomme County the Dakota sandstone varies considerably in thick-
ness and presents the usual variability in character. At Springfield it appears to
have been penetrated to depths of from 440 to 592 feet without reaching its bottom,
the upper part consisting of sandstone and shales and the lower 62 feet of a solid
mass of very permeable sandstone containing a vast volume of water. In the
Layson well on the highlands northwest the formation was entered at a depth of 810
and Eupppsed bed rock found at 1,075% feet; the beds consist of an upper member
of 230 feet of sandstone with very little water and. a lower series of sand, gravel,

’

aTodd, J. E., Bull. South Dakota Geol. Survey No. 2, 1898, p. 101.
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and sandstone 1ymg on 38 feet of black mud at the base of the formation. In the
well at Scotland a depth of 680 feet was 1eached passing about 80 feet into Sioux
quartzite and obtaining only a moderate supply of water from the Dakota sandstone.
The following record hegins below a thick body of shales and a succession of lime-
stone and shales and thin sandy layers which continue to a depth of 476 feet

“Patial geologic section in well at Scotland, 8. Dak.

Sandstone and shale streaks with ﬂowmg e 7 S SR 34
Red shale and hard sandstone. ... ... ... ...l s 8
Gray sandstone with flowing water ... .. . . ... oL oliiill.L [ . 40
Pyrites.o.on e 1
Pinkish sandstone............-.-............-.-........ ...................... 31
Limy pinkish sand rock on soft Sioux quartzite .......... L e 12

Some of the wells in Charles Mix County have penetrated the Dakota formation
for greater or less distances without reaching its bottom. The usual irregular alter-
nations of sandstones and clays are reported, the sandstones often thickening to
70 feet, as in the Lake Andes well. In the Hammer well, west of Castalia, a hard

rock with p‘yrites; supposed to be the top of the Dakota formation, is reported at -

from 725 to 755 feet. Next below are 30 feet of shales and 181 feet of water-
hearing sandstone.

As most of the Brule County wells obtain abundant water supplies. from the
upper sandstone of the Dakota formation they do not penetrate it very deeply. At
Chamberlain the formation has been explored for over a hundred feet; some drillers
report, it solely as sandstone, while others state that heavy masses of shale separate
the sandstone layers. - ‘At Kimball sandstone was entered at 900 feet and owing to
the upper beds not yielding as much water as desired the well ‘was contlnued to
over 1,200 feet, all in sandstone.

In Buffalo, Jerauld, Hand, and Hyde counties the Dakota sandstone has been

drilled for water, but only its uppér beds have been penetrated. In Faulk County .
many wells pass into the formation for from 150 to 200 feet and find sandstone pre-
dominating, with shale alternations in some areas. No well has reached the bottom
of the formation.. At Gettysburg, in Potter County, the formation appears .to
“extend from 1,780 to 2,180 feet, and to be overlain, by 810 feet of sandy shales
_with pyrites. The formation consists of -sandstone at the top, then 20 feet of sandy
shale, 40 feet of sandstone, and 90 feet of alternating sandstones and shales to the
bottorn of the well.

At Pierre, in Hughes ,County, two deep wells have recently been completed

" which throw hght on the stratigraphy of the Dakota sandstone, one of them, it is.
claimed, having rPached bed rock. The top of the formation lies 1,180 feet: below
the surface. - :
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. Geologic section of Dakota formation in wells at Pierre, S. Dak.

4 - Feet.
Sandstone, yellowish, at 1,130 feet .. ... o i i iiciiaaaae 10
Sandstone and limestone .................... e A 35
Sandstone, yellowish ... ... ..... e e 10
‘Shale, limestoue,-and sandstone. . . .. e e 30
White sand, soft ... e e 30
White shale and limestone .~.............. P S 25
Granite (supposed), at 1,260 feet .. .. ... . ... ... S [ 260

In another well 900 feet west of this one a depth of 1,537 feet was attained with-
out finding granite. Below 1,325 feet there were penetrated 125 feet of gray shale
and 87 feet of highly carbonaceous shales with some. pyrites and lignite. . From
" these two bOI‘ngb a thickness of over 600 feet is indicated, but the lowermost forma-
" tion may be older than Dakota.

In the well on_the Rosebud Reservation the Dakota sandstone appears to have
been entered at a depth of 2,240 feet and was found to continue to 2,500 feet, a
thickness of 260 feet, without reaching its bottom. All the rock was fine- gramed
sandstone with a few thin layers of shale and some pyrites.

The Dakota sandstone contains abundant plant and molluscan remains in its
out-crops along Missouri River near Sioux City, and in Nebraska and Kansas. An
extensive flora is represented, constituting the typical *‘Dakota flora” of upper
Cretaceous age. The mollusca are fresh-water forms, which occur in considerable
variety, but are not very distinctive as- to age. According to Professor Todd
Gonwbaszs a fresh-water mollusk was found in considerable numbers at a depth
of 785 feet in wells near Esmond. The form is one typical of the formation in the
outcrop region south. Professor Todd also reports that plant impressions were
found in a well near Hitchcock.

Benton group.—Nearly all of eastern ‘South Dakota is underlam by the Carlile,
Greenhorn, and Graneros formations, constituting the Benton group, the exception
being on the higher portions of the underground ridge of Sioux quartzite exténding '
eastward from Hanson County, and along Minnesota River: The group has a thick-
ness of several hundred feet, consisting mainly of dark-colored shales or hard clays,
with thin beds of sandstone, parted near its middle by the very characteristic Green-
horn limestone, presenting a’succession of beds similar to that in the Black Hills,
_but of greatly decreased thickness. Over a considerable area a notable bed of water--
bearing sandstone occurs at or near the top of the Carlile formation, being either
immediately overlain by the Niobrara chalkstone or separated by a small amount
of black shale. <N

. Rocks of the Benton group outcrop e*(tenswely along the south bank of
Missouri River below the mouth of James River and in the valley of the Big



BENTON GROUP OF EASTERN SOUTH DAKOTA. 129 .

’

Sioux below Canton. One .of its most typical exposures is on the south side
of the Missouri, opposite Vermilion, where the thickness is about 250 feet,
and where there is exhibited in the lower medial portion a very characteristic
bed of slabby limestone, 30 to 40 feet thick—the Greenhorn limestone of the
Black Hills and Rocky Mountain region—filled tith the typical fossil Jnocera-
- s labiatus.  (See Pl. XXIV.) Thé basal beds are dark shales, similar to the
Graneros shales of th_e region west, 50 to 90 .-feet thick, and the upper beds are
Carlile shales, about 160 feet thick, containing several thin sandstone layers and
zones of concretions. The group is also exposed at intervals in the bluffs along
the east side of the Big Sioux and southward to Sioux City, Iowa, where 'its -
included limestone has been mistaken for the Niobrara, possibly on account of a
small amount of chalk associated with it. The formation _alsb appears to be near
the, surface under the drift in Minuesota Valley, as indicated by the occurrence
of Prionctropis woolgari in shallow wells about Milbank. = Other outcrops, due to
uplift and erosion, appear along James River and some of the tributary valleys in
Davison, Hanson, and Hutchinson counties. The most extensive of these e\l)osuies'
are along Twelvemile, Enemy, and Firesteel creeks and on' James River in the' ‘
vicinity of-the quartzite. ’
- The principal material séen in these outcrops is a buff or blOWH massive sand- -
stone, exposed for a thickness of 15 to 20 feet at the greatest. The sand is coarse,
there is more or less cross-bhedding, and often small pebbleé ate included—all very
suggestive of the Dakota sandstone. Heretofore, in fact, these sandstones have been
~regarded as a part of the Dakota formation. In well borings near by, however, it
is found that they ‘are uiiderlain by several hundred feet of shales of typical Benton
character, in some cases containing distinctive marine fossils and underlain’ by
typical Dakota sandstone. These sandstones contain some fragments of wood -
and occasional leaves, and undoubtedly are the products of shallow waters, which
continued even as late as the beginning of Niobrara time' along the shore
afforded by the ridge of Sioux quartzite. Sharks’ teeth are reported from' the
associated shales, also indicating marine conditions. Benton shales, associated with °
these sandstones, are exposed at a number of points along Enemy Twelvemlle and
Firesteel creeks and James River.
The formations of the Benton group; as shown by the '1'e'cordsvof the wells,
present considerable variation in local character and thickness.. Apparently the.y‘

thicken considerably to the north and to the west, being thinnest in the area of -

outcrop in the southeast corner of the State. 'In the vicinity of the quartzite”
ridge, in Davison and the counties eastward, they appear to thin out and disap-

pear, overlapping the edges of the Dakota formation - cons1dembly Proba,bly, s

10001—No. 32—056—9
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however, there are some small outlying areas under the drift on portions of the
quartzite ridge. :

In the northeastern portion of the State, unfortunately, the \hobl(ua depoa—
its are not clearly recognized, so that the limits of the Benton group can not
always be ascertained. In the wells at Aberdeen the formations appear to be
400 feet thick, if certain limestones that are given in the records really belong
to the Niobrara, and, on the same basis, the tormation is 480 feet thick in the
Andover. wells. In Spink County the amount is somewhat less, hut it appears
to.he 310 feet in the Cavanaugh well near Hitchcock, and 380 feet in the Glid-
den - well, measured downward from the bed of sandstone which appears to. be
the one that characterizes the summit of the Carlile formation of the Benton
’group in other portions of the region. ’

In Beadle and Kingsbury counties the thickness of the Benton group appears to
vary from 400 to 500 feet, probably increasing to the west, although the limits
of the formations are not defined in that region. In eastern Jerauld County the
Benton beds are 540 feet thick in the Feistner well, 510 feet in the Beug well,
and 471 feet in.the Schmidt well.
~ In central and southern Sanborn County, where the formation is uplifted
toward the surface, the thicknesses vary greatly, diminishing rapidly toward the -
south. In Davicon County the relations are clearly ascertained by numerous
well borings, in which the thicknesses are found to vary mostly from 200 to 300
feet, and the upper sandstone continues to be a characteristic feature. This sand-
" stone thickens and thins locally 'from_20 to 85 feet in the southwestern portion of
the county, and is usually directly overlain by the Niobrara-chalkstone, although
in portions of the area there ‘is an intervening mass of shale, which sometimes
attains a thickness of 50 teet. ' ‘

In the northern part of Hanson County, where the formations of the Benton
" group vary in thickness from 250 to 300 feet, the upper sandstone is a conspicuous
featur;a. In the vicinity of Ethan, in Davison County, the formations are 190 to
9200 feet thick, and at Ethan 182 feet fhick from the chalk ahove to a basal sand-
stone 8 feet thick, which may be Dakota lying on the quartzite. The stratigraphy
varies considerably in this region, there being at various horizons occasional thin
layers of sandstone, some of which yield a flow of water under moderate- pressure.

In Miner County the formations of the Benton group have been penetrated at
Carthage, Whete the chalk was found to be underlain by 30 feet of the Carlile
upper sandstone, and this by 250 feet of shdle with considerable pyrite in layers
lying on typical Dakota sandstone. o : _

In Hutchinson County the formations of the Benton group present their
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characteristic features, but thin considerably on the slopes of the buried gquartzite

ridge in the northern portion of the county. = At Tripp a thickness of 400 feet is

reported, comprising 100 feet of sandstone immediately underlying the chalk; at

Scotland a thickness of 285 feet, with 25 feet of the top sandstone; and at Vodnany,

a thickness of 305 feet, with the top sandstone very thin. In Turner County the -
formations of the Benton "group are 265 feet thick in two wells near Hurley,

‘consisting entirely of dark shale. In Aurora County they average about 300 feet

thick and ‘usually have from 20 to 70 teet of sandstone at the summit immediately

overlain by. the Nighrara chalkstone. In Charles Mix County the Lake Andes

well has the following record in formatign of the Benton group: .

Gpologw section of Benton group i well at Lake Andes, Sowth Dakotu.

Feet,
Black sha,le, at 237 Ieet ........................ e e ere e aaenaaas 30
Yellow sanidy shale __. o _....__.._..._._..... I L .39‘
Dark shale .. .oo.o....... P e 145
Blue shale, with limestone streaks .. ... _._ ... . S T )
Shelly HINE TOCK - - oo ee e e e e e e e eeas PR IR 25
Blue shale (on Dakota sandqtone) ......................................... L. 70

., In Brule County the Benton group appears to be from 400 t6°500 feet thick and _
includes sandstone layers at some localities. At the Crow Creek well in' Buffalo.
County it is 350 feet thick, with the usual thin bed: of sandstone at’ ‘the- top' just
below the Niobrara chalk. In Bonhomme County the group varies considerably in
thickness, being about 300 feet in the Springfield well and 420 feet in the Layson
well on the highlands northwest of Springfield. In Douglas County 350 feet are
indicated, including a top sandstone of general occurrence underlying the chalk. .
and a gleat mass of shales below with a few thin layers of limestone. These thin
layers of limestone are mentioned in many of the ‘well records in the southern
townships, and probably represent the characteristic Greenhorn limestone horizon..
To the south this limestone includes some chalky deposits like those of the:
Niobrara, but of no great thickness. The top.sandstone is from 38 to 60 feet
thick in wells about Armour. In the wells about Yankton the group appears to
be not over 300 feet thick; and apparently it thins considerably eastward to its out-
-crop area.in Clay County. . : :

- * In Grant County, as recently ascertained by Plofessm Todd, the upper portion
of the Benton group—~Qarlile formation—appears to come to the surface beneath
the drift, for in shallow Wells about Milbank numerous Prionotropis woolgari
oceur. The outerops of sandstones that are reported by the Minnesota geolog-
ical survey in Lyon County and northwest along the eastern slope of the coteau
appear to be.the upper sandstone of the Carlile formation. One exposure, 2



132 GEOLOGY AND UNDERGROUND WATER OF OENTRAL GREAT PLAINS.

miles northwest of Taunton, is a thin-bedded quartzitic rock. According' to H. H.
Adair, the following beds are penetrated in the vicinity of Marshall, Minn.:

Geologic section of wells about Marshall, Minn.

Feet. .
0— 70 et blue clay, with sand streaks.
70-170  ieeieo-- ‘‘soapstone,”’ light colored.
170-270 . .oo....o... . ““soapstone,”” dark colored.
270-296 L. eiiaooen “black sand,” or sandy sh.ale, with flow.of soft water.
205415 .. oie...ilo.... ““soapstone.” _ '
415420 4. o aaao-. sandstone, with hard water qnder high pressure. .

The bed of light-colored rock from-70 to 170 teet may represent the Niobrara
chalk rvock, and the lowest sandstone appears to be Dakota. )
The shale exposures on the east side of Bigstone Lake, a mile from its
“lower end, have been examined by Prot. J. E. Todd, who finds that they are lead-
colored shales containing biscuit-shaped concretions, but no fossils. Probably they
- are of upper Carlile age.

At Whiterock, in the northeast corner of Roberts County, about 20 feet of
white ‘‘chalk” is reported, extending from a depth of 280 to 300 feet, underlain
by 200 feet of ‘‘soapstone” lying on granite.- This white *‘chalk” proBably rep-
resents the Greenhorn limestone of the Benton group.

In the.outcrops of the formations of the Benton group fossils occur in consid-
erable number. Along Missouri and Big Sioux rivers the Greenhorn limestone
member contains vast numbers of fnocerainus labiatus, and the associated shales
are often highly fossiliferous, notably in the bluffs of the Missouri opposite Ver-
milion. In the exposures of the upper sandstone in Davison County Professor
Todd has found many sharks’ teeth, and reports the occurrence of a fragment
of Prionotropis taken out of the shale on the east side of James River 14 miles
north of Elm Springs. Fossils are reported from some of the wells, notably the
Ashmore well southwest of Artesian, from near the bottom of which a Muctra
and Fuasciolaria were obtained. In the well at Farwell sharks’ teeth were obtained
at a depth of 400 feet. .In the well 2 miles north of Woonsocket abundant
fragments of fossiliferous limestone were thrown out from 580 feet below the
surtace, which, Mr. T.. W. Stanton reports, contains a small Nucule with .
striated surtace, which may be the young of N. cancellota M. & H., a young
Mauctra, and numerous Lucine of undetermined species. These were found 250
feet below the chalkstone and 100 feet above the main flow. o

Niobrara formation.—The chalkstone of this formation is a prominent feature
in the bluffs of Missouri River above Yankton, as shown in PL. XLI, especially
about the mouth of Niobrara River, and shows almost continuously as far as the
Great Bend, where it passes beneath the Pierre shale at Watér'» level. It under-
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lies the drift along James River Valley as far north as Letcher, and west to
beyond Plankinton, and extends eastward to Big Sioux River in Hutchinson,
Purner, Lincoln, Yankton, Clay, and Union counties, although probably, in the
higher part of Turkey Ridge, it is overlain by a small outlying area of Pierre shale.
In central Davison, northern Turner, and Lincoln counties it abuts against .the
quartzite of the underground quartzite ridge, on top of which it also lies in detached
areas  in portions of Hanson, McCook, Minnehaha, and Moody counties. 1 1t also
a‘ppears' to extend across the greater part of the northwesternmost counties of
Iowa, and along the Towa-Minnésota State line. The formation is cut through by
the Missouri below the mouth of James River, by the Big Sioux below Canton,
and by the James from north of Mitchell to the center of Hutchinson County.
It appears to extend along the east slope of the cotean in the valley of the
Minnesota in Grant County, but is there covered by drift. V
The formation consists maiﬁly of chalk in the southeast portion of the State, but
portions ot it grade into shale, which appears to replace the chalk to the north. It
is owing to this change in character that very few well borings in the north-central
counties report any chalk at all. The purer material is.of white or gray color when
dry, although often of a dull drab when freshly excavated. It weathers to-a bright-
straw color, or in ‘sonie cases a bright buff, which is a conspicuous feature in its ‘
exposures. It is in greater part massively bedded, and is very fine grained and
uniform in texture. Tt is exten.sively employed for building, being easily quarried
and readily shaped by an ax or a saw into suitable building blocks. The chalk con-
sists largely of tests of minute animals, foraminifera, and coccoliths similar to those
of the chalk of Europe, mixed with varying amounts of clay and very fine sand.
The material was deposited in moderately deep nearly clear water, without strong’
currents or other conditions which would bring much admixture of land waste.
In the bluffs along-the Missouri, near the mouth of Niobrara River, the locality
from which the formation was named, it rises in cliffs 50 to 80 feet high, of which
the light-buff. color is in striking contrast to the dark slopes of the Pierre and Benton
shales. ~Exposures are frequent along the river from the mouth of the James nearly
‘to the Great Bend. On James River and the lower portions of its larger branches
the chalkstone is exposed at intervals from Scotland northward to Firesteel Creek in
Davison County. There are numerous exposures on the Firesteel northwest of
Mitchell, and on Enemy and on Twelvemile creeks southwest and south of Mitchell.
It also appears on Wolf Creek, on Dawson Creek near Scotland, on James River
below the mouth of Wolf Creek, and ‘east of Mitchell. It is reported in extensive
exposures on Clay Creek 12 miles northeast of Yankton, on Brule Creek northeast
* of Vermilion, to the northwest of Canton, and on the Split Rock 2 miles north of

Brandon.
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This formation has been.included in or mistaken for the Greenhorn limestone
bed of the Benton by some geologists, an error which has produced considerable
confusion in the literature relating to the geology of the eastern portion of this
region. The Niobrara formation is characterized by the occurrence of small
oysters known as Ostrea congesta (see Pl. XXIV), which usually occur in colonies,
and sometimes on the shells of large fossils, constituting an impure limestone.
The Greenhorn limestone,”as has been explained, is characterized by the occurrence
of large numbers of [fnoceramais Zc&bmtus, a torm which occurs infrequently, if at
all, in the Niobrara. : :

The thickness and structural relations of the Niobrara formation have been
‘determined in part by well borings. The chalkstone is a prominent feature in
the wells in Davison Countv and in the regionssouth, but to the north, as before
stated, it appears to give place to shale, so that, though undoubtedly existing in '
the northeastern. \p01t10n of the State, it is seldom recognized by the well borers.
In Yankton Oounty the wells begin in lower beds and soon pass into the underlying
" Benton deposits. © In Bonhomme County the Layson well in the highlands
northwest of Springfield appears to have entered the top of the formation at a
depth of 90 feet and to have continued in it for 300 feet, including 20 feet of
hard limestone at the base. In the town well at Scotland 120 feet of chalk are
reported, but in that i'egion some of the top of the formation has been removed
by erosion. At Turkey Ridge, in the northeast corner of the county, in one well
215 feet of chalk was reported; at Hurley 100 feet were passed through, and
in numerous wells in the central and southern portions of Turner County equal
amounts of chalk were recorded. . -

" In Hutchinson County the thickness is con31de1ably diminished as the uplift
is approached, but in the western portion of the county, where the Pierre shale
overlaps, the full amount remains. In the well at Tripp 800 feet were reported,
extending from 25 to 800 feet in depth, but probably there was included in this
much of the yellow clay of the lower part of the.drift. In Douglas County the
formation - appears to average nearly 100 feet. It is reported to extend from s
depth of 190 to 300 feet in a well 4 miles north of Delmont, consisting of blue
shaly chalk above and white chalk below, lying on Carlile sandstone. In Charles
Mix County the formation is not very definitely reported by any of the well drillers,
except in the Hammer well, west of Castalia, where it is claimed that chalk extends
_from the depth of 87 to 630 feet, surely a great exaggeration of its true extent.
.In Brule County the formation appears to average 200 feet in thickness. In Aurora
County from 100 to 150 feet are reported, except in the northwestern portion of the
county, where the formation has suffered considerable erosion, and only from 40 to
60 feet remain. In Davison County nearly the entire surface has been 511b]e(ted
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to erosion, for it lies next below the drift. It is usually entered at from 20 to 50
teet below the surface, and varies in thickness up to 260 feet, which is reported in
wells .in the southwest corner of the county. In Hanson County the formation
is very thin, and is absent over the greater part of the summit of the buried
quartzite ridge. .
. In Sanborn County the formation varies greatly in thickness. To the south-
. east it has been partly removed by erosion, and it appears to thin‘l under the
- Pierre shale to the north. In the McCurdy well, at Letcher, it is reported to be
175 feet thick, and in the Ryan well near by only 70 feet. The latter estimate
is probably nearer the truth, for the limits of the chalk are clearly indicated by
the underlying characteristic sandstone of the Carlile formation. In the Woon-
socket” well the only chalk reported is a layer 24 feet thick, extending from a
depth of 412 to 436 feet. :
. In Miner County the chalk appears to be well characterized, having a
thickness of from 70 to 120 feet or more, lying under drift to- the southwest
" and under the Pierre shale to the north. At Canova it is reported at a depth of
120 to 150 feet, lying under drift or a small thickness of shale and having a-
thickness of from 50 to 80 feet. In Kingsbury County the only reference to
chalk in any of the records is in the Matthews well, 4 miles northeast of Car-
thage, where it is reported as extending to 493 feet, and in the Welch well, 3
miles northwest of Carthage, where its top is 420 feet deep. In Beadle County
chalk is mentioned in a. few of the records, but apparently it has given place
-mostly to shale which is not distinguished from the adjoining, Pierre or BentQ‘n.
In Spink County some limestone is reported at an average depth of ahout 450
feet, underlain by sandstone reportéd to be at the top of the Benton, and this
may be the chalk horizon. In the wells at Aberdeen *‘limestone” from 515 to 530
feet, and in Andover from 575 to 590 feet, may possibly représent the Niobrara.
In Missouri Valley above Chamberlain the chalk is not reported hy the weli
borers, doubtless giving place ‘rapidly to gray shales, as in the northern James
River Valley region just described. ' .

In the northeast corner of the State chalk rock, which appears to be Niobrara
in age, 1s reported from some wells in southeast Grant Counﬁy on slopes above
shales yielding Prionocyclaé woolgari. The wells in which this rock is found are’
from 10 to 12 miles south of Milbank. , )

Pierre shole.—This formation extends across the greater part of eastern South
Dakota, appearing extensively in the slopes of Missouri Valley, but being niostly
covered by drift deposits in the country eastward. Its maximum thickness is proh-
ably near the mouth of Cheyenne River, where it is overlain by Fox Hills sandstone.
To the east its surface has heen more or less deeply eroded, especially in the area of -
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uplift adjacent to the lower portions of James and Big Sioux valleys, where it has
been entirely removed from a zone of considerable width.

The formation consists almost entirely of dark-gray clay, hardly sufficiently com-
pact to be termed a shale, and presenting but little variation in its character from
~ top to bottom. It contains occasional concretions, frequent masses of pyrites,
thin streaks of sandstone, and some local chalky deposits to the south. Many of
the deep wells pass through the formation for several hundred feet, the amount
increasing ‘gradually to the north and west of Davison County. In the slopes of .
Missouri Valley above the Great Bend 500 feet of the formation are to be seen,
but below the Great Bend, as the'underlying Niobrara chalk rises in the banks, the
shale diminishes,and a short distance below the mouth of Niobrara River thins out
and disappears. The many variations in its thickness are due mainly to erosion,
the Pierre shale having been extensively and irregularly eroded previous to the
deposition of the glacial drift by which it is now mostly covered.

"It is several hundred feet thick in the ridge lying between James and Missouri
rivers, in Charles Mix, Douglas, and Brule counties. At Armour there are prob- -
ably 170 feet of the formation; at 10 miles north of Armour, 300 feet; in the western
portion of Aurora County, 350 feet; in' Brule County the amount diminisles some-
what, owing to the local uplift; in approaching the uplift in eastern Aurora County.
it thins out entirely; in the highlands of Jerauld County 300 feet are reported. The
amount increases on the higher lands, and the increase continues northward in the
highlands between Missouri and James rivers; but owing to the indefiniteness of the
" well tecords as to the limits of the Niobrara formation in that direction the Precise
thickness can not be stated; apparently it is over 1,000 feet.

In James River Valley about -500 feet are reported-in the wells at Aberdeen
and Andover and about 400 feet in Spink County; but owing to the uncertainty as
to the position of the Niobrara formation the lower limit of the formation is not
clearly récognized in the reports of the well borings. In Beadle County the amount
is materially less and diminishes to the south until finally the formation ends in the
center of Davison County, on the anticlinal uplift of the Mitchell region.

East of James River Valley, north of this uplift, the formation extends eastward
to the margin of Minnesota Valley, dnder]ying the high cotean, where it has a
thickness ‘of several hundred feet. In Kingsbury County it appears to have a
thickness of about 100 feet in the highlands eastward, although its limits in the
De Smet well are not indicated by the record. It appears to extend south through
TLake County to-the quartzite ridge, for it presents considerable thickness in the
well at Madison. It also appears to extend east into Minnesota, for Pierre fossils
‘have been found in the west slopes of Minnesota Valley; and although it has been
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stated by Professor Todd that probably all of these fossils so far reported were
found in the glacial drift, yet they bave not traveled far. About Taunton, in Lyon
County, the fossils are found below the level of the Benton group, and there, as
about Milbank, thex are inclosed in drift deposits.

Exposures of the formation are exceedingly rare east of the 1mmed1ate slopes
of Missouri Valley. In the region of thin drift about Ree Heights and southward
the formation outerops for some distance, and it appears again south of Swan Lake
in Potter County, northeast of Gann Valiey, and on Turtle Ridge, near Wessington
Springs. Professor Todd informs me that shallow streams cut into it in western
Brown County, northwest of Aberdeen, and on Willow Creek and its north branch
northwest of Westport_; in southeastern Brown County, 5 to 8 miles south of Groton;
along James River northeast of Redfield; in northwestern Day County, 2 miles and
4 miles north of Pierpoint; and extensively north and south of Groton. Dark shale,
probably of the Pierre, is reported in the northeast corner of Yankton County,
where it lies on the Niobrara at an altitude of 1,510 feet, and is believed to extend
thence under a considerable portion of Turkey Ridge, beneath the drift. At the
cement works, 3 mlles_west of Yankton, it caps the Niobrara chalk rock, a relation
which it presents in frequent exposures for many miles along the river.

Fow - Hills formation.—There is no good evidence of the existence of Fox Hills
sandstone east of the Missouri, south and east of Campbell County. It is suggested
by Professor Todd that some sand on the high hills north of Forest City and the fine
yellow sand along Swan Creek. southwest of Bangor may be Fox Hills, and that
remnants of them may be found in the Faulkton, Bowdle, and Koto_ hills.

TERTIARY. DEPOSITS.

Evidence as to the existence of the Tertiary formations in eastern South
Dakota is nieager. On the summits of the Bijou Hills are caps of distinctive
. green quartzite of later Tertiary age lying on light-colored sands and sandy clays.
Another area of the quartzite is found on the high ridge due east of Greenwood.
Fossil fish of,éupposed Oligocene age have been obtained from the high ridge
southwest of Ree Heights, but the extent of the deposit in which they were
found has not been determined. ~According to Professor Todd, the high ridge just
west of \Vebsmgton Springs contains depos1ts of sandstone supposed to be older
than the drift and probably of the same age as the quartzite on the Bijou Hills.
It shows the same general 'structure, even to ‘occasional beds of grit between the -
finer layers, and lies on lead-colored Pierre clay. Doubtless much of eastern
South Dakota was covered by Tertiary deposits originally, but they were removed
by the deep and widespread erosion of early Pleistocene times, although in some
areas they ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>