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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
Unrrep STATES (GEOLOGICAL SURVEY,
RECLAMATION SERVICE,
Washington, D. C., August 19, 1904.
Sir: I transmit herewith a manuseript, with illustrations, by Prof.
C. N. Gould, on the *“ Geology and Water Resources of Oklahoma,”
and recommend its publication in the series of water-supply papers.
The paper was prepared under the direction of Mr. N. H. Darton,
geologist in charge of the western section of the division of hydrology.
It throws light upon the water resources of this section, regarding
which but little has hitherto been known, and will be of considerable
value in the development of this portion of the country.
Very respectfully,
F. H. NewzLL,
: Chief Engineer.
Hon. Caarues D. Warcorr,
Director United States Geological Survey.



GEOLOGY AND WATER RESOURCES OF
OKLAHOMA.

By Crarres NewroN GouLb.

INTRODUCTION.

Location and general description—Oklahoma 1s situated in the
southern part of the Great Plains, its northern boundary being the
thirty-seventh parallel of north latitude. On the west the greater
part of the Territory is bounded by the one hundredth meridian, but
the northwest corner, Beaver County, 35 miles in width, extends west
of this meridian for a distance of 165 miles. The southern and east-
ern boundaries are irregular, and are sometimes rivers and sometimes
parallels or meridians. In places it extends south to the thirty-fourth
parallel and east to the ninety-sixth meridian.

The area of the Territory at the present time is 39,030 square miles,
about that of Ohio; the population is 365,000, and the assessed value
of taxable property $85,000,000. TIts resources are chiefly agricul-
tural, although minerals are known to exist in various localities. il
and gas are present in various parts of the Territory, but Oklahoma’s
greatest mineral wealth consists of inexhaustible deposits of gypsum
and salt, which oceur chiefly in the western part of the Territory.

Sources of date—The work which forms the basis for this report
was carried on in the field and office during the years 1900-1903. In
1900 the writer was a member of a field party of the Oklahoma Geo-
logical Survey, and in 1901, in connection with Mr. Joseph A. Taff,
spent a month making a map of the Wichita Mountains. In 1902 he
had charge of the field parties of the Oklahoma Geological Survey,
which studied the gypsum deposits in the western part of the Terri-
tory; and in 1903 made a reconnaissance in western Oklahoma, south-
western Kansas, southeastern Colorado, northern New Mexico, and
the Panhandle of Texas to determine the water conditions along the
upper courses of South Canadian, North Canadian, and Cimarron
rivers. In addition, many short trips have been made to various

@ Gould, Chas. N., Reconnaissance in western Oklahoma and adjacent areas: Second
Ann. Rept. Reclamation Service, 1904, pp. 423—132.
11






12 GEOLOGY AND WATER RESOURCES OF OKLAHOMA.

parts of the Territory. Since November, 1902, more than 14,000
blanks and requests for information regarding wells and springs have
been sent out and approximately 5,000 replies have been received.

The writer has been very ably assisted by several advanced students
in the University of Oklahoma. Mr. Pierce Larkin has had charge
of the subject of springs, Mr. Charles A. Long of deep wells, Mr.
Charles T. Kirk of rivers. All of these gentlemen and Mr. Chester
A. Reeds, who has also assisted in the office the past year, were mem-
bers of the field party during the season of 1903. Mr. Kirk and Mr.
Reeds have drawn the greater part of the maps and figures. Seven
of the plates are from photographs made by Dr. A. H. Van Vleet, of
the Oklahoma Geological Survey.

The water analysis has been made under the direction of Dr.
Edwin DeBarr, professor of chemistry in the University of Okla-
homa, largely by his assistants, Mr. R. S. Sherwin and Mr. E. E.
Gridley, students in the university; and by Professors Fields and
Holter, of the Oklahoma Agricultural and Mechanical College. "The
gypsums and clays were analyzed by Mr. Sherwin, while the water
analyses were compiled by Mr. Gridley.

TOPOGRAPHY.
GENERAL FEATURES.

The topographic features of Oklahoma are due to the fact that it
is part of a region which was formerly a plain which was worn
down nearly to sea level, then elevated, and again eroded. The sur-
face slopes eastward at an average rate of about 8 feet to the mile.
The highest point in the Territory, approximately 4,500 feet, is on
Black Mesa, a lava-covered table-land which extends from Colorado
into the extreme northwestern corner of Beaver County. The lowest
elevation, about 700 feet, is in the southeastern corner of Osage
Nation, where Arkansas River flows from Oklahoma into Indian
Territory. Cross sections made at various points in Oklahoma are
shown in Pl L

In general, the rocks of eastern Oklahoma, Kansas, and the Indian
Territory dip to the west or southwest, while the country slopes to
the east. In most localities the dip is from 10 to 20 feet to the mile.
If the surface were level, an outcropping ledge would be 10 to 20
- feet below the surface 1 mile to the west of its place of outcrop. Be-
cause of this fact the highest rock on a north- or south-facing escarp-
ment is found lower and lower in the valley to the west, until it finally
disappears under the bed of a stream, and still farther west may be
penetrated in a well many feet underground. In the meantime other












UPLANDS. : 15

of either Hill or Adams, and for this reason new terms are used. It
is, however, not the intention of the writer to propose these names as
any but convenient working terms for purpose of discussion.

WICHITA MOUNTAIN REGION.%

The Wichita Mountains constitute the westernmost of three domes
or uplifts, each of which forms a separate group of mountains. Of
these the easternmost, to which the term “ Ouachitas ™ has sometimes
been applied, lies in southwestern Arkansas and the southern part of
the Choctaw Nation. In the Chickasaw Nation occur the Arbuckle
Mountains and in southwestern Oklahoma the Wichita Mountains.
Some authorities, however, notably Hill, use the term “ Ouachita
Mountains ” to apply to the entire series of uplifts and designate the
easterrimost of these as the Massern ranges.?

The Wichita Mountains differ from all others in the Territory in
that they are composed of igneous rocks, chiefly granite and porphyry.
They have been eroded, for the most part, into peaks which vary in
height from a few hundred to perhaps 1,200 feet. The main range
extends west from near Fort Sill for a distance of about 30 miles, has
an average width of 12 miles, and includes among-others such peaks
as Mount Scott, Mount Sheridan, Mount Baker, Haystack Mountain,
Signal Mountain, Saddle Mountain, and Quanah Mountain (PL IT,
A). West of this main range to beyond the North Fork of Red River
are scattered a number of smaller ranges and peaks, such as Raggedy
Mountains, Mount Tepee, Devils Canyon Mountain (Pl II, B),
Quartz Mountain, and Headquarters Mountain. From a distance
these granite peaks present the regular saw-toothed appearance no-
ticed along the Front Range of the Rockies or in the Sierra Nevadas,
with the difference that the Wichita topography is more subdued.

On the north and east for a distance of 30 miles or more is a par-
allel range of hills composed chiefly of hard massive limestone, and
on the east and south are small rounded knobs of similar limestone.
These limestone areas are remnants of a series of Paleozoic rocks
which once extended as a dome over the igneous rocks, but which have
been deeply eroded since the dome was uplifted.

On all sides and between these ranges of granite and hmestone the
rocks are composed of “red beds™ shale and sandstone, with local
deposits of conglomerate. In other words, at the time the red beds
were being deposited the Wichitas were probably islands in the sea.
The numerous creeks which head in these mountains flow either south
into Red River or north into the Washita.

¢ For detailed discussion of the Wichitas see Taff, Joseph A., Prof. Paper U. 8. Geol.
Survey No. 31, 1904. The writer, as a member of Mr. Taff's party in 1901, assisted in
preparing a geologic map of these mountains.

® Op. cit., p. 37.
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16 GEOLOGY AND WATER RESOURCES OF OKLAHOMA.

FLINT-SANDSTONE HILLS REGION.

This region includes the Osage and Iaw reservations lying east of
Arkansas River, Kay, Noble, Pawnee, Payne, Lincoln, and Pottawat-
omie counties, and the eastern part of Logan, Oklahoma, and Cleve-
land counties. It comprises in its northern part the southern exten-
sion of the Flint Hills, which stretch from Nebraska across Kansas
into Oklahoma. Near the Kansas-Oklahoma line the Flint Hills con-
sist mostly of limestone ledges containing large numbers of flint
concretions, interbedded with shales and sandstones, but in the Osage
Nation the limestones thin out and most of the ledges disappear
before Arkansas River is reached, a few only continuing as far as
Cimarron River. South of that stream the rocks are almost entirely
red shales and sandstones.

The part of Oklahoma north of the Arkansas is characterized by
typical limestone topography—rounded hills and knobs, steep shale
slopes with numerous rock terraces, and rather narrow valleys.
The principal streams are Bird, Hominy, Salt, Beaver, Turkey, and
Buck creeks. The rocks dip gently to the west and southwest, and
the stair-step arrangement of the strata, so characteristic of certain
parts of Kansas, is well exhibited. West and south of the Arkansas
the relief is not so pronounced, as the limestone ledges become thinner
and are replaced by sandstones and shales. Streams have cut valleys
imnto the sandstone ledges, and steep but low bluffs are conspicuous.
In the western part of the region the topography is characteristically
that of the red beds, with few forms of relief except low banks along
the streams.

LOW PLAINS REGION.

In the Low Plains region, which includes western Kay, Noble,
Logan, Oklahoma, and Cleveland counties, eastern Canadian, Blaine,
and Woods counties, and the greater part of Kingfisher, Garfield,
and Grant counties, as well as the western part of the Chickasaw
Nation, the topography is rolling. Steep bluffs are rare, and high
knobs are practically unknown. - Rivers of considerable size—Salt
Fork, Cimarron, North Canadian, and South Canadian—flow across
this region from northwest to southeast and have carved broad and
shallow valleys. The high divides are the remnants of the old high
table, and, because their slope to the east is so gentle as to be prac-
tically unnoticeable, a person may travel across the country for 20
miles along some lines without ascending or descending abruptly
20 feet from the general level. The south bluff of these rivers, for
the greater part of their course, is cut up by canyons, while the slope
north is generally unbroken and is covered with sand hills (p. 84).






UPLANDS. 17
GYPSUM HILLS REGION.

The Gypsum Hills region includes parts or all of Woods, Wood-
ward, Blaine, Dewey, Day, Canadian, Caddo, Kiowa, Comanche,
Greer, Washita, Custer, and Roger Mills counties, in each of which
there are exposures of gypsum. In this section the relief is more
marked than in the Low Plains region, owing chiefly to the unequal
erosion consequent upon the relatively hard ledges of gypsum which
outcrop in this part of the territory and to the hard sandstone and
dolomite which lie above the gypsum. The relation between these
rocks will be explained under the heading * Geology ” (pp. -+, 71).
The general strike of all the gypsum beds is north and south, the
most eastern exposure being just north of El Reno, the county seat
of Canadian County, while to the southwest the gypsum ledges ex-
tend, through Greer County, into the Panhandle of Texas.

There are two prominent types of gypsum topography in Okla-
homa—the wall-canyon type and the round-mound type. The wall-
canyon type occurs chiefly in Blaine, Woods, and Woodward counties
along the range of gypsum hills designated in this report the Blaine
Gypsum Hills, and again in southern Roger Mills and northern
Greer counties (PL IIL, B). This type of topography is char-
acterized by steep bluffs of red clay capped by massive ledges of
gypsum. These bluffs rise steeply above the plain, and numerous
streams have cut deep and narrow canyons into them. The second
type of gypsum topography is marked by low, white, rounded, gypsum
knolls standing out on the plain, or by gentle slopes of gypsum along
shallow streams. Such exposures are characteristic of parts of
Dewey, Custer, Washita, Caddo, and southern Greer counties.

HIGH PLAINS REGION.

This region includes the most elevated portions of the Territory,
and is typically developed in Beaver, Woodward, and northern Day
counties, lying west of and at a higher level than the line of gypsum
" hills.  Beaver County, an area 165 miles long and 35 miles wide, lies
entirely on the high, level plateau, sloping gradually from a height
of about 4,000 feet on the west to a little more than 2,000 on the east.
Into this plateau Cimarron and Beaver rivers have cut their channels,
usually shallow and broad, while numerous small tributary creeks
are now at work dissecting the level upland. Large areas remain,
however, which appear to be as level as a floor and on which the only
drainage is into playa lakes, or, as they are sometimes called in the
West, “ buffalo wallows ” (PL TIT, 4).

IRR 148—05 M——2



18 GEOLOGY AND WATER RESOURCES OF OKLAHOMA.
DAKOTA SANDSTONE REGION.

In the extreme western end of Beaver County, along the Cimarron
and the Currumpaw (a head tributary of the Beaver), is a small area
which contains topographic features unlike those found elsewhere in
Oklahoma, for in this locality the streams have cut canyons into the
Dakota sandstone. The Cimarron Canyon has a length of 30 miles
or more in Oklahoma and of 60 miles in New Mexico. The hills, as
shown on Pls. IV, B, and X, B are 200 to 500 feet high, and are usually
capped by heavy ledges of gray or brown sandstone, which have been
carved into fantastic shapes by numerous small creeks.

In the extreme northwestern part of Beaver County these sand-
stone rocks are covered with 100 feet or more of basaltic lava, forming
the eastern end of Black Mesa, a level table-land which extends into
Oklahoma from Colorado and New Mexico (fig. 28).

VALLEYS.

All the drainage of Oklahoma flows into Mississippi River, reach-
ing that stream by Arkansas and Red rivers. The Arkansas crosses
the northeast portion of Oklahoma, separating the Osage and Kaw
reservations from the remainder of the Territory. Red River forms
the extreme southwestern boundary of Oklahoma. The chief tribu-
taries of the Arkansas in Oklahoma and the Indian Territory are
Salt Fork, Cimarron, North Canadian, and South Canadian rivers,
the two latter streams joining before finally reaching the Arkansas
in the eastern part of the Territory. The Washita and North Fork
of Red River flow into Red River. A

The general direction of all these streams is southeasterly—that is,
practically at right angles to the strike of the rocks. With the
exception of the Washita, they are all typical streams of the plains,
each with a relatively broad and shallow valley, containing a broad,
sand-choked channel and, except in times of flood, carrying a rela-
tively small amount of water. The character of these valleys is
determined largely by the rocks across which they have been cut,
being comparatively narrow and deep in the Gypsum Hills or Flint
Hills regions and broad and shallow in the more level country in
central and western Oklahoma. These valleys will be discussed in
regular order beginning on the north. Pl XVT shows the drainage
areas of the various streams. '

ARKANSAS VALLEY.

- Arkansas River flows in a broad, shallow channel from the point
where it debouches from the mountains, in Colorado, to the Flint
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Hills, at Arkansas City, Kans., a few miles north of the Oklahoma
line. From this point to the southeast corner of the Osage Nation
it flows in a tortuous channel among limestone hills. The distance
is about 83 miles direct, but as traversed by the river it is nearly
twice as great. This part of its course is characterized by broad
and sweeping oxbow bends, one, for instance, being 9 miles around,
while at the nearest point it is not more than 14 miles across. The
valley between the bluffs, which are 150 to 300 feet high, is 1 to 5 miles
wide, being narrowest between the Osage country and Kay County.

SALT FORK VALLEY.

The valley of the Salt Fork of the Arkansas, which extends
through northern Woods, central Grant, and southern Kay counties,
is broad and shallow and is for the most part bordered on the north
slope by sand hills and on the south side by canyons cut into steep
and uneven slopes. Near the point where this river enters Woods
County from Kansas the valley is bordered by the Gypsum Hills,
particularly on the south side, while farther downstream it is 2 to 5
miles wide and the hills on either side reach an altitude of 50 to 100
feet above the level of the stream. The tributaries are Medicine
Lodge, Mule, Sand, Crooked, Deer, Osage, Buck, Chikaskia, and Bois
d’Arc creeks. In eastern Woods County the Salt Fork flows across
the northern edge of the Great Salt Plains, where the water acquires
saline chdracter, whence the name Salt Fork.

CIMARRON VALLEY.

~

Cimarron River rises among volcanic peaks in northern New
Mexico, flows east through a narrow canyon cut into Dakota sand-
stone, and enters Oklahoma 4 miles south of the Colorado line, near
the town of Kenton. From this point it flows nearly straight east
for more than 30 miles in a canyon cut in the sandstone plateau.
In this part of its course the valley averages 3 miles in width and the
rugged hills, which disappear near the point where the Cimarron
flows from Oklahoma into Colorado, are 300 to 400 feet high. From
this point to the place where the river cuts through the Gypsum
Hills it flows in a broad and shallow valley carved into the level
upland. After leaving Oklahoma the Cimarron flows through south-
eastern Colorado and southwestern Kansas for nearly 100 miles.
It enters the Territory again about 15 miles west of the northeast
corner of Beaver County, but soon turns northward to pass into
Kansas. For the third time it enters Oklahoma, in the north-central
part of Woodward County, where it breaks through the Blaine
Gypsum Hills. Throughout its entire course in Woodward County,
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a distance of more than 40 miles, it flows in a canyon cut in the
Gypsum Hills. This canyon gradually widens to the east, and near
the western line of Woods County these hills recede from the river
and swing to the north. On the south side, however, thev parallel the
river as far as the Glass Mountains in south-central Woods County,
forming conspicuous gypsum-capped bluffs, then gradually recede
from the Cimarron and approach the South Canadian. East of the
Glass Mountains the Cimarron flows across a level country, and the
valley is broad and shallow, being only occasionally lined with bluffs,
as in the vicinity of Guthrie.

The drainage area of the Cimarron is broader than that of any
other Oklahoma stream, and it includes a considerable number of
tributary creeks, the chief of which are Buffalo, Eagle Chief, Salt,
Turkey, Kingfisher, Cottonwood, Skeleton, and Stillwater. Along
its eastern course the river flows into the southern extension of the
limestone hills, where the topography consequently is more uneven
and bluffs 100 or more feet high are not uncommon.

NORTH CANADIAN VALLEY.

North Canadian River is formed by the junction of Beaver and
Wolf creeks at Old Fort Supply, near the center of Woodward County.
Wolf Creek rises in the high table-lands of the Panhandle of Texas
and flows northeast, in a rather narrow valley bordered by rounded
bluffs which rarely exceed 100 feet in height. Beaver Creek, which
has cut a valley averaging 3 miles in width and 200 feet in depth
throughout its course, rises among volcanic peaks in northeastern
New Mexico and flows the entire length of Beaver County. The
principal tributaries, all on the south side, are Coldwater, Palo Duro,
Clear, and Kiowa creeks. These and other creeks are now dissecting
the high plateau, but on account of the arid climate and the firm
sod covering have, at the present time, scarcely more than commenced
their task (PLl. V, 4). North Canadian River formed by the union
of Wolf and Beaver creeks, flows in a general southeasterly course
entirely across the Territory, and its valley is, on the average, 200
feet higher than the Cimarron. The hills on either side are usually
low, often not over 100 feet in height, and in many instances the
headwaters of streams flowing into the Cimarron approach within
less than 2 miles of the North Canadian. Sand hills occur prac-
tically all along the north slope, and the south bluff is often cut inta
red-beds canyons.

SOUTH CANADIAN VALLEY.

With the exception of Arkansas River the South Canadian is the
only stream in Oklahoma which takes its rise in the Rocky Moun-
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tains. In New Mexico and the Panhandle of Texas the drainage
area is large, but from the western boundary of Oklahoma to its
mouth in the eastern part of the Indian Territory it will not average
more than 20 miles in width. In Day and Dewey counties the river
swings in a series of broad oxbow bends, and flows in a canyon-like
valley about 200 feet deep and 1 to 5 miles wide. In eastern Dewey
and Custer counties it flows across the Gypsum Hills region. Below
the line of Gypsum Hills i1t flows in a general southeasterly direc-
tion in a valley which averages 4 miles in width and which 1s bor-
dered by bluffs on either side not exceeding 150 feet in height. In
many places, however, the slopes north of the river are covered
with sand hills, but on the south side of the stream steep bluffs are
common. A few small tributaries, the chief of which are Deer,
Commission, and Boggy creeks, flow into the South Canadian in
Oklahoma.

WASHITA VALLEY.

As has been stated by Mr. Willis,» the Washita resembles an east-
ern more than a western river, having steep mud banks and heavy
timber along most of its course. TIn its upper part the narrow val-
ley is continued between bluffs of red sandstone 100 to 300 feet
high. Where the valley cuts across the Gypsum Hills, in Custer
and Washita counties, low, white gypsum bluffs are common. East-
ward from the southeastern corner of Washita County the river
flows through wide bottom lands in a valley 2 to 5 miles wide,
inclosed by hills 100 to 300 feet high. Taken throughout, the
Washita has more precipitous bluffs and a greater diversity of topog-
raphy than any other river in Oklahoma, and at the same time sand
hills are practically wanting. Quartermaster, Cavalry, Rainy Moun-
tain, Cobb, and Sugar creeks are the chief 4ributaries.

RED RIVER VALLEY.

The main branch of Red River forms the southern boundary of
Greer and Comanche counties. A number of streams tributary to
Red River rise either in Oklahoma or the Panhandle of Texas, the
most important of which are the Salt Fork, Elm Fork, North Fork,
(Cache, and Beaver creeks. North Fork, Salt Fork, and Elm Fork
rise in the eastern part of the Panhandle of Texas, flow across the
region of Greer Gypsum Hills through canyons in the gypsum-
capped red shale bluffs and then out upon the lower plains, where
they enter shallow valleys before finally reaching Red River. Cache
Creek, which rises in the Wichita Mountains, and Beaver Creek, east

@ Willis, Bailey, First Ann. Rept. Reclamation Service, U. 8. Geol. Survey, 1903, p. 269.
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of these mountains, flow south across the red beds plain in broad and
shallow valleys.

CONCLUSION.

- All of the larger rivers of Oklahoma rise west of the Gypsum Hills
region and flow first in broad valleys. In the Gypsum Hills they
have cut comparatively deep and narrow canyons, and east of this
range of hills the valleys begin to widen again. These streams, with
the exception of the Washita, are flanked along the north slope with
rows of sand hills, usually 2 to 10 miles in width, while the south bank
is almost invariably cut with canyons carved in the red sandstones
and shales which make up the greater part of the country rock. In
other words, the south bank is a red-shale canyon slope, and the north
bank a sand-hill slope.

GEOLOGY.
GENERAL STATEMENT.

The geology of Oklahoma presents certain phases of more than
usual interest to the student of stratigraphy. As the conditions of
the water supply depend almost wholly upon the character and posi-
tion of the rocks, it is necessary to outline the geology of the Territory
before giving a detailed description of the water supply.

Numerous features of the geology of various parts of Oklahoma
are as yet but imperfectly understood, and many of the statements
made in this article therefore are offered only tentatively. It is prob-
able that further investigation may cause decided changes in present
views of the geology of certain parts of the Territory, especially as to
the line of separation between the Pennsylvanian and Permian series
of the Carboniferous rocks in the northeastern part of the Territory,
the location of certain safd-hill areas, and the lines of outcrops of
gypsum deposits in some of the western counties. Certain facts, how-
ever, are fairly well established, and it is these, rather than the ones
not yet understood, that will be given prominence in the following
pages.

The principal formation in the Territory is a widespread deposit
of red clay, shale, and sandstone, a large part of which has been
clagsed as Permian in age, and is known as the “ red beds.” To the
east it is underlain by Pennsylvanian rocks and to the west covered
hy sands and clays of Tertiary and Quaternary ages. In the north-
eastern part of the Territory are extensive areas of Pennsylvanian
rocks, and in the Wichita Mountains rocks of lower Paleozoic age
appear. The known outcrops of geologic formations in Oklahoma
are indicated on the map (PL I), and the following table sets forth
their order and age:
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Alluvium.
ternary .. .........
Quaternary {Sand hills.
Tertiary - ..:_ .. ___._____ Lava of Black Mesa.
Cretaceous _.__.____.__ {Dakota
: Comanche.
Quartermaster.
. Greer.
Permian ______ W,}oodward.
. Blaine.
Carboniferous . _..____ __.
o Enid.
Pennsylvanian.
Ordovician. . _ <------. .- -Viola limestone.
Cambro-Ordovician _._._. Arbuckle limestone.
Cambrian__ .. ________ Reagan sandstone.
Granite.
Early Cambrian or older..Granite-porphry.
Gabbro.

RELATIONS OF THE PRE-CARBONIFEROUS ROCKS.

The oldest rocks in Oklahoma are in the Wichita Mountains, in
the southwestern part of the Territory. These mountains are com-
posed chiefly of three classes of igneous rocks, gabbro, granite, and
granite-porphyry; and three sedimentary formations of lower Pale-
ozoic age, the Reagan sandstone, Arbuckle limestone, and Viola
limestone. Granite greatly predominates, composing probably nine-
tenths of all the rocks of the range. In order that the reader may
understand the relations of these various rocks to each other and the
surrounding “ red beds,” a short description of the Wichita Moun-
tains is given. The map (Pl. VI) further illustrates the structure of
the mountains.

In the Wichita Mountains the rocks do not differ materially from
similar formations in the Arbuckle Mountams farther east, and for
that reason it appears to be desirable to give the fonnatxons the
names already used for similar rocks in the Arbuckle region. As
these rocks have been named and described by Mr. Joseph A. Taffe
to whose publication the reader is referred, only a brief mention will
be made of them in this conection. ‘

The extreme length of the Wichita Mountains, from the Carlton
mounds on Medicine Bluff Creek near Fort Sill to the last granite
hill that disappears under the high prairie 5 miles west of Head-
quarters Mountain, at Granite, is 65 miles, while the extreme width
from Rainy Mountain to the southwestern granite butte on North
Fork of Red River, 6 miles southeast of Navajoe, is 30 miles. The
Wichita Mountains are not a continuous range throughout this area,

e Taff, Joseph A., Preliminary report on the geology of the Arbuckle and Wichita
mountains in Indian Territory and Oklahoma : Prof. Paper No. 31, U. 8. Geeol. Survey,
1904, pp. 50-81.
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as they consist chiefly of scattered ranges, peaks, and short chains,
the bases of which are buried beneath the surrounding and interven-
ing plains.

The Wichita Mountains may be divided into the following three
general groups: (1) The main range; (2) scattered groups and peaks
in the western part of the area, and (3) a row of hills which are
composed chiefly of limestone and which parallel the main range on
the north and east.

The main range of the Wichita Mountains, the width of which
averages 10 miles, extends northwest from the vicinity of Fort Sill
for about 30 miles to the vicinity of Saddle Mountain and Mount
Baker, just east of the headwaters of East Otter Creek. This part
of the range is practically continuous throughout and is composed
chiefly of rugged peaks of granite, the highest of which, Mounts
Scott and Sheridan, each rise about 1,200 feet above the plain. There
are two main northwest-southeast ranges, separated by a distinct
intermontane valley, 1 to 4 miles wide, extending nearly the entire
length of the ranges. The streams draining this valley flow east
and south and escape to the plain through gaps in the mountains.
Bast of this main range are a number of outlying peaks and shorl
ranges, some of which attain an altitude of 800 feet or more above
the surrounding plain.

West of the main range of the Wichitas, which is divided into
two general ridges, arve scattered groups, peaks, and low ridges
extending a few miles beyond Granite, Greer County, a distance ot
40 miles from Mount Baker. The term “ Raggedy Mountains” is
applied to a group of scattered, roughly outlined ridges and peaks
lying along the heads of various branches of Otter Creek. Long
Horn Mountain is near the head of Middle Otter Creek; Dome
Mountain, Tepee Mountain, Elk Mountain, and others lie near Elk
Creek ; Devils Canyon Mountain, shown in PL II, B, is 6 miles long
and lies in a bend of the North Fork of Red River; Navajoe, Quartz,
and Headquarters mountains are in Greer County west of the North
Fork of Red River, which winds in and out among the granite peaks.

Parallel to the Wichitas on the northeast from a point 7 miles
north of Fort Sill to Rainy Mountain, a distance of 30 miles to the
northwest, is a group of limestone hills, which, like the main range
of the Wichitas, consist of irregular low mountains and scattered
knobs. The longest range, 16 miles in length, will average 2 miles
in width. Near the head of Blue Creek Canyon the range of lime-
stone hills divides into two parts—one part running approximately
N. 70° W. and the other N. 40° W. Both ranges finally end toward
the northwest in a series of scattered peaks and knobs. These lime-
stone hills, like the granite mountains, are but the tops of buried
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ranges. The rock comprising ‘the plain around and between the
mountains is much younger than the rocks of the mountains—that is,
it was deposited at a much later period in the earth’s history.

IGNEOUS ROCKS.«
" GABBRO.

Of the three chief varieties of igneous rocks in the Wichitas the
gabbro is probably the oldest. This rock is hard, black, and
crystalline, and sometimes is known to the miners as black granite.
It frequently has a greenish tint, or again it may be grayish in color,
and often weathers into rough, lumpy surfaces. It is in places cut by
dikes, composed of diabase, granite, aplite, etc.

As shown on the map (Pl. VI) gabbro outcrops in three separate
localities in the Wichita Mountains, two of which are in the main
range and the other one west of it. In the main range the most
extensive exposure, which covers an area about 2 miles wide and 12
miles long, lies along the north slope of the mountains on both sides
of Medicine Bluff Creek, and extends northwest and southeast, par-
alleling the range from the east end of Mount Scott to the east slope
of Saddle Mountain. The second gabbro exposure, about 6 miles
long and 1 mile wide, is in the central part of the intermontane
valley along the heads of West Cache and Quanah creeks. The
gabbro in both these localities does not, as a rule, present conspicuous
relief, but weathers into gentle slopes with occasional low ridges and
buttes. The third locality in which gabbro is found is in the central
part of the Raggedy Mountains, west of the main range. This range
is 15 miles long and extends westward from near Mount Baker to a
point within 3 miles of North Fork of Red River. Some of the
peaks rise to the height of 100 feet above the plain. The average
width of the range is something like 3 miles, and across it flow the
various branches of Otter Creek. In the western part of the range
are numerous dikes and intrusions of other igneous rocks, chiefly
granite and quartz. '

GRANITE-PORPHYRY.

Granite-porphyry occurs in the eastern part of the main range and
in several localities among the limestone hills. This is a hard, mas-
sive rock usually with a grayish groundmass in which are embedded
numerous large crystals, usually reddish or pinkish, giving a charac-
teristic reddish-gray tint to the rock. The localities in which por-
phyry occurs are as follows:

In the Fort Sill Military Reservation and between the fort and

¢ For classification of the igneous rocks of the Wichita Mountains see Taff, Joseph A.,
op. cit., pp. 59-67.
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Mount Scott the greater part of the rock is granite-porphyry. Sig-
nal Mountain, the Carlton mounds, Medicine Bluff, and a number of
unnamed peaks are composed of this rock. This porphyry weathers
in small blocks and angular fragments, and the surface of the hills
composed of this rock are usually grass covered and easily distin-
guished from granite hills in which the rock weathers out in large
bowlders and which are covered with trees. In the western part of
this exposure the porphyry passes gradually into red granite, so that
in many places it is virtually impossible to tell where one rock stops
and the other begins.

Near the central part of the main ridge of limestone hills, 6 to 8
miles north of Mount Scott, along Blue Creek Canyon, is a second
exposure of porphyry covering an area of about 8 square miles.
The rock in this region does not differ materially in character from
that on the Fort Sill Reservation. On the west the porphyry is cut
off from the limestone by a fault and on the east, where it is exposed
along the flanks of a limestone ridge, it lies unconformably below the
sedimentary rocks.

The third area of porphyritic rocks is in the extreme northern part
of the Wichita Mountain region, at the northern extension of the
limestone hills. In this vicinity are twelve or more scattered peaks
_of porphyry. In two instances this porphyry lies unconformably
below the Reagan'sandstone, a formation of Cambrian age.

GRANITE.

With the exception or the gabbro and granite porphyry just dis-
cussed and a relatively few dikes, the igneous rocks of the Wichitas
consist of granite, which varies in color from red to gray with light
red greatly predominating. It.is cut by several series of joint planes
and weathers into massive bowlders (Pl II, 4, B).

The high peaks of the main range, such as Mounts Scott, Sheridan,
and Baker, and Saddle Mountain, and others, as well as all the scat-
tered peaks and ranges west of the main range, except the gabbro
range previously discussed, are composed of granite. Navajoe,
Tepee, Devils Canyon, Little Bow, Quartz, Headquarters, and other
peaks and chains in this western group are all granite mountains.

SEDIMENTARY ROCKS.a
CAMBRIAN ROCKS.
REAGAN SANDSTONE.

The Reagan sandstone, the oldest sedimentary rock in Oklahoma,
in its typical development is composed of coarse-grained, angular

e« For a more complete description see Taff, Joseph A., op. cit., pp. 67-77.
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particles derived from the disintegration of porphyry rocks. There
are local ledges of conglomerate interstratified with shaly members,
but coarse sandstone makes up the greater part of these rocks. The
age of this formation, as indicated by trilobites and other fossils, is -
Middle Cambrian. _ .

The Reagan formation is exposed on the granite-porphyry, and it
is conformably overlain by the Arbuckle limestone at two localities;
first, in the limestone hills east of Blue Creek Canyon, and second,
along the side of some limestone peaks in the extreme northern part
of the mountains. At Blue Creek Canyon the Reagan is exposed
for a distance of nearly 4 miles, while farther north the line of out-
crop is not more than 2 miles long. In both localities the exposure
is but a few hundred feet wide.

CAMBRO-ORDOVICIAN ROCKS.
ARBUCKLE LIMESTONE.

Conformably above the Reagan sandstone is a limestone formation
which makes up the greater part of the northern division of the
Wichita Mountains. This limestone is hard, compact, and massive,
and is at nearly all places much folded and faulted, so that its beds
rarely lie level, but have been broken and tilted to various angles,
usually steep. The thickness of this formation in the Wichita
Mountains is unknown, but in the Arbuckle Mountains it was esti-
mated by Mr. Taff to be 4,000 to 6,000 feet, and there is no reason
for supposing that it is less in the Wichitas. In the Arbuckle
Mountains the lower 700 feet of this limestone contains fossils of
Upper Cambrian age, while from the upper beds Ordovician forms
were obtained.

The hills composed chiefly of this limestone extend practically
uninterrupted northeast from near Fort Sill for 30 miles or more.
From the region of Blue Creek Canyon there are two ranges, both of
which finally die out and disappear beneath the plains.

ORDOVICIAN ROCKS.

VIOLA LIMESTONE.

Three small outlying limestone knobs in the vicinity of Rainy
Mountain Mission consist of Viola limestone, an Ordovician forma-
" tion, which in the Arbuckle Mountains occurs approximately 2,000
feet higher in the section than the Arbuckle limestone. In the
Wichita Mountain region little lithologic distinction can be made
between the limestone comprising these knobs and the limestone
which makes up the main range of hills just described. Mr. E. O.
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Ulrich, however, who studied the fossils from the entire region, finds
that the paleontologic evidence justifies such distinction, and for
that reason the rocks composing the three hills near Rainy Mountain
are classed as Viola.

CARBONIFEROUS ROCKS.

PENNSYLVANIAN SERIES.

GENERAL RELATIONS.

The oldest rocks on the plains consist of scattered groups of igne-
ous rocks, chiefly granite, forming the hearts of the Ozark, Arbuckle,
and Wichita mountains. The greater part of the Ozark and Boston
mountains in Missouri and Arkansas consist of sédimentary rocks
older than the Coal Measures, chiefly limestones and cherts of the
Mississippian (* Lower Carboniferous ). Rocks of the same age are
also found in southeastern Kansas and the eastern part of the Chero-
kee Nation. Westward the rocks belong to successively younger
formations.

Resting upon the Mississippian in Indian Territory is a great
thickness of rocks of Pennsylvanian age. These rocks occupy the
greater part of southern Towa, western Missouri, eastern Nebraska,
and the eastern third of Kansas. Large outcrops are also found in
Arkansas and Texas.

Pennsylvanian rocks are exposed over a considerable area in eastern
Oklahoma.. The line of separation between the Pennsylvanian and
the Permian, which make up the greater part of the Territory, has
never been sharply drawn. For reasons to be discussed later this line
can not be drawn with any degree of accuracy until considerable work
has been done in the way of tracing formations in northeastern Okla-
homa and until fossils have been collected and identified.?

RELATION OF THE PENNSYLVANIAN TO THE PERMIAN.

The problem of the relation of the Pennsylvanian to the Permian of
the Great Plains is at best a perplexing one. Perhaps more time
has been spent in attempting to solve it than has been devoted to
almost any other phase of western geology, and the results have been
less satisfactory. In Kansas the rocks of these two epochs have been
studied for nearly fifty years; and during the past ten years Willis-

«Taff, Joseph A., The southwestern coal fields: Twenty-second Ann. Rept. U. 8. Geol.
Survey, pt. 3, pp. 367—1413 ; Geology of the McAlester-Lehigh coal fields, Indian Territory ;
Nineteenth Ann. Rept. U. 8. Geol. Survey, pt. 3, pp. 423-593, 1899 ; Eastern Choctaw
coal fields, Indian Territory, Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 2, pp. 255 -
311, 1900 ; Coalgate Folio. No. T4, 1901, and Atoka Folio, No. 79, 1902. Drake, N. F., A
geological reconnaissance of the coal fields of the 1ndian Territory: Proc. Am. Philos.
Soc., vol. 36, 1898, pp. 326-429,

b See footnote, p. 32.
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ton,” Cragin,> Prosser, Hay,* Beede,© and others have contributed
articles which have assisted in the elucidation of this very perplexing
question. In Kansas, however, the difficulties are not so great as in
Oklahoma, as in Kansas the Pennsylvanian rocks which occur in the
eastern third of the State are in a regular, conformable succession,
and finally pass conformably into the Permian above. Many of the
beds have lithologic characteristics, and fossils are abundant. Tt is
true that the line of separation between the Pennsylvanian and
Permian has not been sharply drawn, for such 'a line depends upon
paleontologic rather than upon lithologic data, and in certain strata
there is a commingling of Pennsylvanian and Permian forms, but
most geologists who have studied the problem have agreed that cer-
tain rocks are Pennsylvanian in age and that certain other rocks,
several hundred feet higher geologically, belong to the Permian.

In parts of Texas where these rocks are well exposed the line of
division between the two series has been fairly well worked out.
Certain beds are known to be Pennsylvanian, while certain other
higher beds are undoubtedly of Permian age.

In Oklahoma, on the other hand, such conditions do not exist. In
the northeastern part of the Territory particularly the stratigraphy
is exceedingly perplexing and at the same time fossils are rare. On
the geological map (Pl I) the author has attempted to outline the
conditions as they are believed to exist. From this map it will be
seen that the greater part of the Osage Nation, which is in the north-
east corner of Oklahoma, is underlain by rocks of Pennsylvanian age.
In this part of the Territory, as in Kansas to the north, the strike is to
the northeast and southwest, and many of the ledges, notably certain
limestories, have been traced by Adams 7 and others from Kansas into
Oklahoma, some to beyond Arkansas River. The lowest limestone
ledge that is known in the Osage Nation (although more detailed
study will probably reveal others still lower) is the Drum limestone
which has been traced as far south as the vicinity of Bartlesville, in

« Williston, 8. W., Science, new series, vol. 5, p. 395 ; Kansas Univ. Quar., vol. 6, p. 57 ;
Jour. Geol., vol. 6, 1898, p. 342.

b Cragin, F. W., Bull. Washburn Col. Nat. Hist., vol. 1, 1885, p. 86; id., vol. 2, 1889,
pp. 33, 34; The Permian system of Kansas: Colorado Col. Studies, vol. 6, 1896, pp. 1-48;
Observations on the Cimarron series: Am. Geologist, vol. 19, pp. 351-363.

< Prosser, Chas. 8., The Cimarron series or the Red Beds: Second Ann. Rept. Univ.
Geol. Survey Kansas, 1897, pp. 756-95; The Permian and Upper Carboniferous of south-
ern Kansas: Kansas Univ. Quar., vol. 6, 1897, pp. 149-176 ;: Revised classification of the
upper Paleozoic formations of Kansas: Jour. Geol., vol. 10, 1902, pp. 7T03-737.

¢ Hay, Robt., A geological reconnaissance in southwestern Kansas: Bull. U. 8. Geol.
Survey No. 57. 1890, pp. 20, 27 ; Eighth Bien. Rept. Kansas State Bd. Agric., pt. 2, 1893,
p.101.

¢ Beede, J. W., Jour. Geol., vol. 9, 1901, p. 339; Am. Geologist, vol. 28, 1901, pp. 46,
47 ; Advance Bull. First Bien. Rept. Oklahoma Geol, Survey, April, 1902,

r Adams, Geo. ., Stratigraphy and paleontology of the Upper Carboniferous rocks of
the Kansas section: Bull. U. 8. Geol. Survey No. 211, 1903.
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the Cherokee Nation, just east of the Oklahoma line. If the direc-
tion of the strike of this rock remains constant, however, this ledge
should touch the Arkansas not far from the mouth of the Cimarron,
and if so, there are probably several hundred feet of Pennsylvanian
rocks in Oklahoma below the level of the Drum limestone.

Another ledge of limestone, the Pawhuska, has been traced by
Adams from Kansas south through the Osage Nation and across
Arkansas River to the vicinity of the Cimarron, near Ingalls, Payne
County, Okla. The Pawhuska, however, is stratigraphically 600
feet below the base of the Wreford limestone, which is now consid-
ered by Prosser to be the base of the Permian.? The Drum limestone
is approximately 950 feet below the Pawhuska, so that in the Osage
Nation there are at least 1,550 feet of the Pennsylvanian rocks below
the base of the Permian.
~ This part of the problem presents no great difficulty. The point
which leads to confusion is the failure to identify many of these
prominent ledges in the region south of Arkansas River. Within a
belt 50 miles wide on either side of the river the lithologic conditions
change rapidly. At the Kansas-Oklahoma-Indian Territory line
there are, between the Drum limestone and the Winfield formation,
which is the highest prominent limestone ledge in the Permian, no
fewer than 16 heavy beds of limestone, varying in thickness from 5
to 40 feet. On passing southward through the western part of the
Cherokee Nation and the Osage Nation these limestones become thin-
ner and less conspicuous, while at the same time the intervening
shales become thicker and more prominent, often becoming arena-
ceous, or, indeed, replaced entirely by sandstone, until by the time
the Arkansas River is reached the greater part of these limestone
formations have totally disappeared, while those that remain have
become much thinner, and the rocks consist entirely of alternating
layers of sandstone and shale. In the light of our present knowledge
it is believed that the Pawhuska limestone extends farther south than
any of the others. This limestone was traced by Mr. Pierce Larkin
as far south as a point 9 miles south of Chandler, where it seems to
disappear and its place is taken by shales and sandstones. At the
same time the shales, which have been of a prevailing drab, bluish, or
yellowish color, become more and more reddish, until they gradually
merge into the typical brick-red shales and clays that make up the
greater part of the Oklahoma red beds.

This condition was first pointed out by Dr. George I. Adams, who

¢ Adams, G. 1., Bull. U. 8. Geol. Survey No. 211, 1903, pp. 61-65. See also Adams,
G. I., Carboniferous and Permian age of the yed beds of eastern Oklahoma from strati-
graphic evidence: Am. Jour. Sci., 4th ser., vol. 12, 1901, p. 383.

» Prosser, Chas. 8., Revised classification of the upper Paleozoic formations of Kansas:
Jour. Geol., vol. 10, 1902, table op. p. T18.
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has made a special study of these conditions in Kansas, Oklahoma,
and Texas. In speaking of the problem, Doctor Adams says:e

It appears that rocks in eastern Okiahoma, which have been referned to the
red beds on lithologic grounds, are in part of Upper Carboniferous or Coal
Measure age. The sedimentation from the Carboniferous into the Permian
is an unbroken sequence. From what is known of the Permian limestones of
Kansas, they will be found, wheén followed southward, to diminish ‘in thick-
ness, and this change will be accompanied by a transition to more sandy
beds. Thig is in accordance with the obgservations made by Mr. Gould. 'The age
of that portion of the red beds which is in strike with the IPermian of
Kansas may confidently be expected to be found to be of Permian age. This is
in accordance with the evidence already furnished by the vertebrate fossils.
Above the Permian limestone in Kansas occur the Wellington shales, which are
bluish and greenish gray in color. They are probably represented southwest-
ward by formations which are red. The succeeding formations are typical red
beds and hawe thus far yielded only Permian fossils. Upon the accompanying
map the approximate line of transition in cglor has been drawn with the pur-
pose of showing that it is diagonal to the strike of the Carboniferous and Per-
mian formations.

Doctor Adams found the conditions in northern Texas very similar
to those in the Kansas-Oklahoma region. In Young, Archer, Throck-
morton, and Baylor counties, Tex., certain beds of limestone of
Pennsylvania age thin out northerly and their place is taken by shales
and sandstones, which become distinctly red in color. The line of
change of color in the rocks cuts diagonally across the strike of the
beds, very much as in northeastern Oklahoma. Doctor Adams does
not attempt to draw the line between the Pennsylvanian and the Per-
mian in either Oklahoma or Texas.?

From this it follows that the line of separation between Pennsyl-
vanian and Permian rocks must be drawn far out in the red beds. If
the Wreford limestone be accepted as the base of the Permian in Kan-
sas, the location of the line of separation is a matter of the location
of the Wreford in Oklahoma. This ledge is known .to outcrop on
Beaver Creek in the Kaw Reservation, and has been traced south by
Mr. Charles A. Long across the western part of the Osage Nation to
a point in the big bend of the Arkansas, about 10 miles west of Ral-
ston and about 8 miles northeast of the mouth of Red Rock Creek,
where it is striking southwest. Tt is probably represented south of
the river in one of the ledges of limestone which are known te occur
in the eastern part of Noble County, but until it is definitely located
the line of separation can only be approximated. For the present,
then, it will be drawn roughly through eastern Noble, western Payne,
eastern Logan and Oklahoma, and western Cleveland counties,
approximately paralleling the Atchison, Topeka and Santa Fe Rail-
road on the east as far as the vicinity of Oklahoma City, near which

¢ Adams, Geo. I., Op. cit., pp. 385-386.
b Adams. Geo. I., Stratigraphic relations of the red beds to the Carboniferous and
Permian in northern Texas; Bull, Geol, Soc, America, vol. 14,'1903, pp. 191-200,
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place it crosses that line of road and strikes South Canadian River
in the western part of the Chickasaw country, west of the Arbuckle
Mountains, and, if carried across Red River, will finally reach the
region of the western limit of the known Pennsylvanian in Texas.®

DESCRIPTION OF PENNSYLVANIAN ROCKS.

If the line of separation between the Pennsylvanian and Permian
rocks of Oklahoma be drawn at the line above indicated, there
are in eastern Oklahoma about 5,000 square miles of Pennsylvanian
rocks. In the southern part of the area these rocks are almost entirely
red sandstones and clays; in the northern part they consist of alter-
nating layers of clays, sandstones, and limestones of various colors.
The line of separation between the two kinds of Pennsylvanian.rocks
can never be sharply drawn, for the reason stated above, that while
all the rocks are in regular succession they vary in lithologic char-
acter along the strike. To express the condition more forcibly, the
statement may be made that the rocks of the two sections dovetail
into each other; for in the region along Arkansas River there are red
shales extending northward into limestone-sandstone regions and
beds of limestone extending south into the red-clay-shale country.
As stated by Adams, there is an embayment of red sediments extending
far to the east among Pennsylvanian strata.

For purposes of description it is proposed to divide the rocks into
two districts, the names Hominy and Chandler, by which these dis-
tricts will be known, being used only as convenient working terms.

Hominy district—The Hominy district includes the area of out-
crop of all the Carboniferous rocks of the Osage and Kaw reserva-
tions which lie below the Wreford Iimestone. The formations
exposed in this district include the southern extension into Oklahoma
of the Pottawatomie, Douglas, Shawnee, Wabaunsee, Cottonwood,? and
Neosho ¢ formations of the Kansas geologists and have a thickness
of over 1,500 feet. In the eastern part of the Osage Nation the rocks
are chiefly sandstones and shales, with some massive beds of fossilif-
erous limestones, while farther west, along the headwaters of Hominy

“ During the summer of 1904, since the above was written, Mr. Charles T. Kirk, work-
ing under the direction of the Oklahoma Geological Survey, traced out the line of out-
crop of the Wreford limestone south across Oklahoma. Starting on Little Beaver
Creek, in the Kaw Reservation, he followed the ledge across Arkansas River and found
that in Payne County the limestone disappeared and its place was taken by a ledge of
sandstone to which the name Payne sandstone was applied. This ledge was traced
southwest across Cimarron, Deep Fork, and North Canadian rivers, through western
Lincoln, eastern Oklahoma, and central Cleveland connties. It crosses South Canadian
River near Purcell. In southern Oklahoma the ledge lies some 15 to 20 miles east of
the line of Pennsylvanian-Permian contact indicated on PL I. For full description see
Mr. Kirk’s paper in Third Bien. Rept. Okla. Geol. and Nat. Hist. Survey, 1904, pp. 5*14..

b Haworth, Erasmus, Univ. Geol. Surv. Kansas, vol. 3, 1898, pp. 91, 94.

¢ Prosser, Chas. N., Classification of the upper Paleozoic rocks of central Kansas:
Jour. Geol,, vol. 3, 1895, p. 797.
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Creek and on Salt and Beaver creeks, the sandstones are rare, and
heavy beds of cherty limestone make up the greater part of the rocks.
To the south the limestones thin out, and in the vicinity of Arkansas
River change into red shales. v

The name Hominy is from Hominy Creek, in the southern part
of the Osage country, which flows across practlcallv all formations
represented in this district.

Chandler district—The Chandler district 11101udes the area of out-
crop of all the strata, chiefly shales and sandstones, from the eastern
boundary of the red beds westward to the base of the Permian, near
the line of the Atchison, Topeka and Santa Fe Railroad, including
part of Pawnee, all of Lincoln and Pottawatomie, and the eastern
parts of Noble, Payne, Logan, Oklahoma, and Cleveland counties.
It corresponds practically to the southern continuation of the Flint
Hills of Kansas and the Osage Nation, which disappear about the
line of Arkansas River. Perhaps it would be: more correct to say
that the rocks of this district are in strike with those of the Flint
Hills.

In general, the rocks of this district consist of alternating strata of
red and whitish sandstone and red-clay shale. Along the streams the
sandstones outcrop as ledges 20 feet or more thick, sometimes form-
ing small waterfalls in some of the streams. To the east of the Santa
Fe Railroad the sandstone beds are most abundant, but they are
grayish or almost white, though the intervening clay is always red.
Business blocks at Perry, Orlando, Mulhall, Guthrie, Edmond, Okla-
Loma City, Norman, and Noble, along the line of the Santa Fe Rail-
road, are built of red sandstone. The buildings of the Oklahoma
Agricultural and Mechanical College, at Stillwater, and many of the
business blocks at Shawnee are constructed of the lighter-colored
stone. Practically all of the towns in Lincoln, Payne, and Potta-
watomie counties, and those in the eastern parts of Noble, Logan,
Oklahoma, and Cleveland counties, contain blliﬂclings constructed of
either the red or gray sandstone. Through the entire region it is
used for the abutments of bridges, for corrals hnd small buildings,
and not 1nflequentlv for dwellings. |

The sandstone is water bearing. Springs are not uncommon, and
water, which is ordinarily soft and suitable for all domestic purposes,
is usually found in wells at moderate depths. /It is the best water
found anywhere in the red beds below the Quartermaster formation.

The region is well wooded. Trees grow along the streams and in
many places on the hills. The three eastern counties, especially,
are covered with a considerable growth of the more hardy forest
trees, notably oak and hickory. Along the line of the Santa Fe

1RR 14805 M——3
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Railroad the uplands are level prairie and tlie bottom lands are
timbered. West of this line the timber becomes less plentiful.

While fossils are not particularly common in the Chandler district,
still a number of localities have been found which yield typical
Pennsylvanian invertebrates. Near Chandler, the county seat of
Lincoln County, for which the district is named, the following forms
were found: Allorisima subcuneata, Pinna peracuta, Spirifer came-
ratus, Meekella straticostata, Productus semireticulatus, and Aithyris
subtdita.

PERMIAN SERIES.
PERMIAN BROCKS OF KANSAS.

According to the classification of the Kansas geologists, notably
Prosser, the line of separation between the Carboniferous and Per-
mian in Kansas has been drawn at the base of the Wreford limestone,
a ledge typically exposed near Junction, Kans., on Kansas River.»
In southern Kansas this ledge outcrops near the summit of the
Flint Hills in eastern Cowley County and along Grouse Creek, near
Dexter, and, as stated above, is found in Oklahoma along Little
Beaver Creek, in the Kaw Reservation, and in the western part of
the Osage Nation as far south as Arkansas River. Above the
Wreford limestone in southern Kansas and eastern Kay County,
Okla., there are at least three heavy beds of limestone with
interbedded shales, known as the Florence flint, Fort Riley limestone.
and the Winfield formation. Above the Winfield formation lime-
stones become less prominent and clays and shales make up the
greater part of the series. These formations above the limestone
members constitute the Marion formation of Prosser and the Well-
ington shales of Cragin® In general, both the Marion and Welling-
ton formations consist of gray, blue, drab, and yellowish shales with
a few ledges of impure limestone. The extensive salt beds in central
and southern Kansas and the deposits of gypsum in several counties
of Kansas and in Kay County, Okla., are found in these rocks.
These two formations, however, appear not to be sharply defined, and,
inasmuch as both consist of rocks of essentially the same character,
a definite line of separation will probably not be drawn between
them, and it is not impossible that as a result of more exact knowl-
edge of the conditions both formations will finally be grouped
together. '

e Prosser, Chas. 8., Revised classification of the upper Paleozoic formations of Kansas:
Jour. Geol., vol. 10, 1902, p. 703.

b See articles by Professor Prosser, Jour. Geol.,, vol. 8, 1895, pp. 764-796; and by
Professor Cragin, Colorado Col. Studies, vol. 6, 1896, pp. 8-18.
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The southern extension of the Marion and [Wellington formations,
as well as the southern part of the Flint Hills, reach from Kansas
into Oklahoma. The Flint Hills, as stated above, occupy the western
part of the Osage Nation, all of the Kaw Resefvation, and the eastern
part of Kay, Noble, and Pawnee counties. The southern extensions
of the Marion and Wellingten occur in western Kay County and pass
into the Ponca and Otoe reservations, occupying a triangular area
between the Flint Hills and the red beds. A jglance at the map (PL
I) will reveal the fact that these formations narrow rapidly in north-
ern Oklahoma and their place is taken by the red beds. Perhaps
it is more correct to state that the color of the shales changes to the
south, becoming red, while at the same time more of the red sand-
stone comes in, so that finally the formation changes to typical red
beds. On the State line the distance from the Winfield formation, the
upper conspicuous limestone member, to the eastern outerop of the
red beds is perhaps 30 miles; on the southern line of Kay County,
Okla., it is not more than 15 miles, whilé farther south the line
of separation can not be determined, for the reason that the lime-
stone disappears and its place is taken by r d shales and sandstones.
In southern Kansas there are three distinet kinds of Permian rocks:
First, the heavy limestones in eastern Cowley County and along
Walnut River; second, the bluish and gray| ¢lays and shales of the
Marion and Wellington formations from Walnut River to western
Sumner County; and third, the typical red beds consisting of red
sandstones and clays extending from this point nearly to the west
line of the State. In eastermr Oklahoma, on the other hand, only
the red beds appear. . ‘ :

Thus it is seen that the red beds extend farther east in Oklahoma
than in Kansas, and that the eastern limit f the red beds does not
coincide with the line of separation betwee the Pennsylvanian and

Permian. In other words, the red color of t
thought characteristic of only the Permian
transgresses far into the region of the Pen
means, of course, that the line of separation by
two epochs must finally be drawn far out in t
writer has attempted to do.®

GENERAL RELATIONS OF PERMIAN ROCKS

Permian rocks, usually known as the “ red h
part of Oklahoma. This series of rocks is by
in the Territory, inasmuch as it is not only

the soils, but it also supplies most of the &

@ rocks, which has been
of the region, in fact
nsylvanian rocks. This
rtween the rocks of these
he red beds, and this the

IN OKLAHOMA.

eds,” occupy the greater
far the most important
the origin of nearly all
uilding stone, gypsum,

@ See footnote, p. 32,
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salt, and other economic products, and at the same time furnishes
the water supply for the greater part of the Territory. These rocks
have been studied for a number of years both in Kansas and Texas,
and considerable literature has accumulated upon the subject,” but no
attempt has ever been made to write a description of the red beds as a
whole, nor is such a task contemplated here. All that is attempted
1s, first, to give only such references as will enable the reader to under-
stand former classification, and afterwards to present a classification,
based upon the results of several years field work, that is believed to
embody such conditions as exist in Oklahoma.

The geological age of the red beds has long been an open question.
The reason for this uncertainty has always been a lack of fossils,
for until within the past few years organic remains had been found
in but one or two localities in the Oklahoma red beds, and in Kansas
none at all. Recently, however, fossils, both vertebrates and inver-
tebrates, all of Permian age, have been discovered in at least five
general localities in the red beds of Oklahoma. It seems reasonably
certain, however, as shown by Adams? that a large part of the
typical red beds rocks in eastern Oklahoma are really Pennsylvanian
in age, and, on the other hand, since fossils are not at the present
time known to exist in the higher members of the series, the age of
that part of the red beds is still open to doubt. And, moreover, until
the correlation with the Texas red beds has been more fully worked
out and fossils collected and identified throughout the entire region
the matter can not be considered as settled. Instead of using any
strictly geologic term in speaking of the rocks of the series the
writer will employ the name of * red beds,” by which the rocks are
generally known, to include the rocks of both the Pennsylvanian
and Permian ages, it being understood that the rocks above the lower
part of the Enid formation are regarded as Permian in age and
those below this point as Pennsylvanian.

The red beds area of the southern part of the Great Plains extends
for 600 miles or more across Kansas, Oklahoma, Indian Territory,
Texas, and New Mexico. The most northern exposure of the beds,
so far as known to the writer, is near Arlington, a few miles south
of Hutchinson, Reno County, Kans. To the southwest they pass
under the Tertiary of the High Plains, or Llano Estacado, and
appear in the valleys of the Pecos and Rio Grande in New Mexico.

The eastern border of the outcrop of the red beds in Kansas and
Oklahoma is a crescent-shaped line running southeast from near
Hutchiinson and east of Kingman, Kans., crossing the Kansas-
Oklahoma line at Caldwell, then trending southeast near Nardin,

a See under ‘ Classification.” b Loc. cit.
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, |
Tonkawa, and Red Rock, cutting diagonally across the strike of
Pennsylvanian limestones and shales through the eastern parts of

Payne and Lincoln counties to the western part of the Creek and

Seminole nations. Here the line swings to the southwest and con-
tinues through the Chickasaw Nation to the vicinity of Davis, Ind. T.,
passes around the western end of the Arbuckle Mountains, crossing
Red River 35 miles west of Gainesville, Tex., and, as stated by Adams,
cuts diagonally across the strike of Pennsylvanian rocks in Archer,
Young, and Throckmorton counties, Tex. VVherever exposed, the
rocks of this series along their eastern border merge into the Penn-
sylvanian limestones and shales. !

The western limit of the red beds in Oklahoma and Kansas is much
more irregular. In all instances, so far as observed, the upper line
is one of unconformity. The superjacent tocks range from the
Lower Cretaceous to those of the latest geologic formations, but by
far the greater part of the overlying deposits are of the later Tertiary
age. In places the Tertiary deposits extend east along some divide
nearly across the red beds area. In other localities they have been
almost removed by erosion and the red beds are exposed far to the
west of the main body. Along the valleys of the larger streams the
red rocks reach many miles westward, although the level uplands are
covered by the Tertiary beds. The South Canadian, for instance,
has cut through the Tertiary deposits for practically its entire course
across the plains, and red beds are ever thele exposed. Other
streams, including the Salt Fork, Cimarr 011, North Canadian,
Washita, and Red rise in the Tertiary deposits west of the red beds
and flow southeast across these beds and pass into the Pennsylvanian
area to the east. It is along the course of these rivers that some of
the finest exposures of the red beds may be seen.

CLASSIFICATION.

The red beds in Texas were described by Professor Cummins? in
1891. He divided the series into the Wichita' beds, the Clear Fork
beds, and the Double Mountain beds. In 1902 Professor Hill pro-
posed the term “ Brazos series ” to apply to the red beds as a whole ¢
Professor Cragin has published two papers on the red beds of Kansas
and Oklahoma. In his first paper, pubhshed in 1896,% the red beds
were designated the Cimarron series in contradlstmctlon to the Big

2 Qp, cit., p. 196.

? Cummins, A. W., Second Ann. Rept. Geol. Survey Texas, 1891, pp. 394-424.

¢ Hill, Robert T., Geology and geography of the Black and Grand prairies, Texas:
Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 7, 1901, p. 100.

4 Cragin, F. W,, The Permian system in Kansas: Colorado Col. Studies, vol. 6, 1896,
p- 3. I

*
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Blue series or lowér Permian, and the Permian rocks were divided as
tollows:

Big Basin sandstone.
Hackberry shales.

Kiger division.__._____ Day Creek dolomite.
Red Bluff sandstone.
Dog Creek shales.

Cave Creek gypsums.
Flowerpot shales.

Salt Fork division_. __. Cedar Hills sandstones.
Salt Plain measures.
Harper sandstone.
Wellington shales.
Geuda salt measures.
Chase limestones (Prosser).
Neosho shales (Prosser).

Cimarron series.__

ISumner division_______ {
Big Blue series__._
| Flint Hills division {

Professor Cragin afterwards adopted Prosser’s name, Marion,
instead of Geuda salt measures. In a subsequent paper Professor
Cragin modified his classification of the Cimarron as follows: ¢

Taloga . ... . ... __.__. Quite variable with locality.
Kiger ... _.. DayCreek_ .. ____._._..__.._ None.
RedBluff _ ... _ ... _.__.__ None determined.
. Chapman dolomite.
D k (St -
og Creek (Stony Hills) .\ 4. “hitheater dolomite.
Shimer gypsum.
Cave Creek. .. ... ... ... {J enkins clay.
Salt Fork .. Medicine Lodge gypsum.
: Flowerpot shales.
Glass Mountain  .._.___
ass Moun Cedar Hills sandstone.
: Salt Plain.
Kingfisher .. ___.________.
nghisher Harper.

The writer has spent four seasons in studying the red beds of Okla-
homa and finds that there are local conditions which make it desirable
to propose a somewhat different classification from any previously
suggested. The writer has used the earlier classifications as far as
they can be applied, and he has adopted the names which are equiva-
lent to those that he recognizes, but where new classification has
become necessary he has given new names to avoid confusion of terms.

The following table shows the relation of Professor Cragin’s
revised classification to the one used in this report :®

¢ Cragin, F. W., Observations on the Cimarron series: Am. Geologist, vol. 19, 1897,
pp. 351-363.

b See articie by the writer in Second Bien. Rept. Oklahoma Geol. and Nat. Hist. Survey,
1902, pp. 42 et seq.
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Relations of classifications of Perm laf‘z, rocks.

N
Cragin’s classification. Classification used in this report.

Quartermaster formation.
Mangum dolomite member.
Collingsworth gypsum member.
Taloga .____. .. .. .____. Greer formation. . Cedartop gypsum member.
Haystack gypsum member.
Kiser gypsum member.

Chaney gypsum member.

£ _
Red Bluff ______________. Woodward forma Whitehorse sandstone member.
Dog Creek (Stony Hills) . Dog Creek shales member.

Shimer gypsum member.

CaveCreek. . ____.____. Blaine formation __

Day Creek ... .. __. l Day Creek dolomite member.
{Medicine Lodge gypsum member.

Ferguson gypsum member.
(Glass Mountain _.___.__.

Kingfisher }Emd formation.

The term “ formation " is here used in a general sense to designate a
larger or smaller sequence of strata, which in one instance corresponds
to a formation having a simple and uniform lithologic character, or
in another, to a group of such formations. The classification is
intentionally elastic, since the precise stratigraphic relations, which
could be determined only with accurate base maps and detailed
surveys, have not yet been ascertained. The generalized section
shown in fig. 2 represents graphically the classification used in this
report.

ENID FORMATION.

The Enid formation includes all the rocks of the red beds from
‘the base of the Permian to the lowermost of the gypsum ledges on
the eastern slope of the Gypsum Hills. The top of this formation,
however, is not a plane, since the gypsum beds, which mark its upper-
most limits, are found to be more or less lenticular when traced for
long distances. The Enid comprises all of the Harper, Salt Plain,
and Cedar Hills members and the greater part of the Flowerpot mem-
ber of Cragin’s first paper and the Kingfisher and Glass Mountain
formations of his second paper. It is named from the county seat of
Garfield County.
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(

Tertiary Coarse sandstone and
shale

Quartermaster 300

Delhi (dolomite) 4
, | Collingsworth (gypsum)
Greer 275  Cedar Top (gypsum)
Haystack (gypsum)
Kiser (gypsum)
Chaney (gypsum)

{Day Creek (dolomite)

Red Bluff (sandstone)

Woodward 425

Dog Creek shales 9

Shimer (gypsum) C

s ’
Blaine 100 { Medicine Lodge » 4
Ferguson ”» <

Enid 1500’

Fia. 2.—Generalized section of the Oklahoma Permian red beds. In the above legend
« Pelhi ” should read Mangum and  Red Bluff ” Whitehorse.
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The Enid outcrops over a larger area than any other formation
of the Permian in Oklahoma and is exposed extensively in adjoining
States. In Kansas it outcrops over parts of Sumner, Kingman,
Reno, Barber, and Comanche counties and all of Harper County. In
Oklahoma it is found in the western parts of Kay, Noble, Payne,
Logan, Oklahoma, and Cleveland, parts of Woods, Woodward,
Blaine, and Canadian, and all of Kingfisher, Garfield, and Grant
counties. It also extends into the Chickasaw Nation.

The Enid formation consists chiefly of brick-red clay shales, with
some interbedded ledges of red and.whitish sandstone. It occurs in
two general areas, which may be distinguished on lithological grounds
as follows: An eastern area, in which there are a few inconspicuous
ledges of sandstone, and a western area, in which the sandstones are
mostly wanting. In the present state of kiiowledge it is impossible
to draw an accurate line of separation between these two areas, and
for this reason the strata in them are not defined as separate members.

The eastern area of the Enid formation is triangular and occupies
several counties in the central part of the Territory, in which there is
little hard rock of any kind. Its eastern boundary is approximately
along a line from Blackwell to Norman and its western limit is along
a line from Alva to El Reno. It includes eastern Blaine, Canadian,
and Woods counties, all of Grant, Garfield, and Kingfisher, and the
western parts of Kay, Noble, Logan, Oklahoma, and Cleveland
counties.

Throughout this area the soil is red, except where later deposits
cover the uplands or among the sand hills north of some of the
streams. Red clays and occasional ledges of thin sandstone outcrop
along the bluffs of a few streams. These sandstone ledges, however,
are of comparatively little economic value, being generally too soft for
building purposes. Quarries occur near Nardin, Kingfisher, Hen-
nessey, and Luella. In the general absence of building stone, founda-
tions for houses are usually made of brick, and artificial stone may
come into use extensively.

The rocks of the western area of the Enid consist chiefly of red
clay shale, some inconspicuous ledges of soft sandstone, and occasional
bands of whitish or greenish shales, which vary from 1 inch to sev-
eral feet in thickness. The upper strata are in places highly gypsif-
erous, and at some localities brine springs issue from them. No
attempt is made to separate the eastern and western areas of the Enid
formation, except to state that they are sometimes separable locally a
few miles east of the base of the Gypsum Hills.

The Enid formation is in most places strongly impregnated with
mineral salts, particularly common salt and gypsum. In many local-
ities the water from the wells is unfit for drinking, and the people are
obliged to use cistern water.
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In the western area, along the base of the Gypsum Hills, salt meas-
ures are prominent. The Little Salt Plain, in northern Woodward
County, near the Kansas line, and Big Salt Plain, in the northeast-
ern part of the same county, are both located in the Cimarron chan-
nel, while the Salt Creek Plain, in north-central Blaine County, is
on a tributary of the same river. At the Salt Creek Plain some
of the most typical saline springs in the Territory may be seen. In
several canyons at the head of Salt Creek are exposures of a grayish-
red, mottled, saliferous sandstone. This sandstone is often distinctly
cross-bedded, and appears to have Leen tilted; from it issue numer-
ous springs of strong brine. So far as known, this sandstone is not
found elsewhere in the region, and it seems to be a local phase of the
clay-shale formation. It is possible, however, that these sandstones
are not themselves salt bearing; but are merely porous strata through
which brines from some deep-seated source reach the surface. The
water from the springs issuing from the various canyons forms
rills, which, in turn, unite to form the headwaters of Salt Creek:

Above the level of the Salt Plains and below the gypsum ledges
there intervene 150 or 200 feet of red clay shale, which is interspersed

with bands of whitish, greenish, and bluish clay and local thin ledges
" of gypsum. A

The following analyses of 'shales from the slope of the Gypsum
Hills indicate their chemical constitution:

Analysis of clay from Stucks Canyon, at the head of Salt Creek, 4 miles west of
Ferguson, Blaine County, Okla.

Per cent.

Siliea e 64. 17
Calcilum oxide___ __________ 1.34
Iron oxide . _ 810
Aluminum oxide________________ 14. 80
Magnesium sulphate ________________ e, 5. 57
Magnesium carbonate - _________________ 27
Water e 6. 54
Motal 100. 79

Analysis of so-called copper ore from Henquenets Canyon, on Sd#lt Creek, 4 miles
east of Ferguson, Blaine County, Okla.

. Per cent.

Silica and insoluble silicates.____.____ . 67,43
Iron oxide._ . ___ e 16. 95
-Caleium carbonate_____ 1.85
Magnesium ecarbonate__ ____ ___ __ . e 5.41
Sodium chloride - __ e 4. 99
Water . 3.40
Motal L 100. 03

The material analyzed was a concretion-like piece of green clay or
shale. It is thought by some to be copper ore, on account of its color,
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but it contains no copper, and the green color is due to some form
of iron, probably a mixture of ferrous and ferric oxides.

Analysis of gypsiferous yreen clay from slope of the Gypsum Hills, near Mount
Heman, eastern Woodward County, Okla.

Per cent.

Caleiom sulphate _____ e 58. 06
Calcium carbonate ____ ___________ e 5.35
Magnesium carbonate _______ ________ . 3.49
Water. __ 15. 38
Oxides of*iron and alaminum_______________________& _______ ___ ____ 3.27
Silica and insoluble residvwe______________ __________________ . ______ T 18.58
Total . _ . e 99. 13

The very soft material of which this shale is composed renders it
particularly susceptible to the action of weathering and the entire
thickness 1s characterized by such marked erosion forms as are shown
on PL. VII, B. Wherever the cap of gypsum has been removed over
any considerable area, or for any great length of time, these shales
have been worn away. Perhaps the most common erosion form is
that of cones of red clay cut by deep and uneven gullies—regular
badlands structure. Not infrequently rows of these cones are
arranged palisade-like along the summit of a fast-disappearing ridge
into which gullies are eating their way (PL VII, 4.) 1In the Glass
Mountains, for instance, the slope of the bluffs below the gypsum
ledges is much cut by erosion. The action of the water has pro-
duced a great variety of unusual forms; small buttes and buttresses,
cones and minarets, pinnacles and peaks, shoulders and ridges,
domes, towers, chimneys, gullies, ravines, and all sorts of fantastic
shapes have been carved by erosion from the blood-red shales along
the slope of the bluffs. :

The face of the bluffs is frequently covered with fragments of gyp-
sum, either in the form of plates of transparent selenite (Pl VIII,
B) or in the form of concretionary masses (PL VIII, 4). The
selenite is usually found in seams running diagonally through the
clay, and the crystals weather out and reflect the sun from thousands
ot points, making the slopes appear to be covered with glass, whence
the name Glass Mountains.

An analysis of two specimens of the transparent selenité and one
of the concretionary masses is given below.

Analysis of a th in‘ ledge of satin spar, from the canyon 4 miles west of Ferguson,
Blaine County. Okla.

Pér cent.
Caleium sulphate ____ o 8. 87
Water______ . U 20. 94
Insoluble residve-_._________ . __ . 18
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Analysis of selenite flakes from Mount Heman, eastern Woodward County,

OFkla.

Per cent.

Caleium sulphate_.__________ I e 76. 76
Magnesium carbovnate__________________________________ o ______ .84
Water________ 19. 80
Iron and aluminum oxides_____________ _______ 1. 45
Insoluble residvwe__.___ . . ________ e .95
Total e 99. 80

Analysis of erystalline gypsum concretions from Henquenets Canyon, 4 miles
west of Ferguson, Okla.

Per cent.

Caleiom sulphate___________________ 75. 20
Magnesium carbonate___ __ _ o 1. 58
Water—_ 17. 32
Oxides of iron and aluminvem_______________________________ ________ 2. 52
Insoluble residwe _____ ______ 4. 54
Total 100. 89

The thickness of the Enid formation is unknown, but it is probably
not less than 1,200 feet, and may reach 1,500 feet. The well at Fort
Reno, a section of which is shown in Pl. XXITI, was started at about
the same level as the top of this formation and reached a depth of
1,370 feet, the drill stopping in red clay. It is possible, however,
that this well passed through the Permian rocks into red beds of
Pennsylvanian age beneath. At Spencer, 12 miles east of Okla-
homa City, a well passed out of the red beds at a depth of 1,550 feet.
The greater part of this thickness, however, was in Pennsylvanian
rocks.

BLAINE FOBMATION.

The Blaine formation consists of red shales with interbedded strata
of gypsum and thin ledges of dolomite. It includes the portion of
Professor Cragin's Flowerpot formation above the base of the Fer-
guson gypsum and all of his Cave Creek formation. It is named
from Blaine County, Okla., where it is typically developed.

The characteristic which justifies its recognition as a formation is
the abundance of gypsum contained in it, and its extent and limits
are defined accordingly. The bottom of the lowest massive gypsum
bed—the Ferguson gypsum member—is the base of the formation
throughout its occurrence northwest from Darlington, Canadian
County. Where it disappears the shales of the Enid continue up to
the base of the Medicine Lodge gypsum member, which necessarily
becomes the basal member-of the formation. The top is the Shimer
gypsum member. Where the gypsum members run out, as they all
do north of Darlington, the Blaine can not be distinguished readily
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4. GYPSUM CONCRETIONS COVERING THE SLOPES OF RED CLAY, GLASS
MOUNTAINS.

B. SELENITE AND SATIN SPAR IN RED CLAY.
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from the Enid below and the Woodward above, and this local divi-
sion of the red beds can not well be traced. The Blaine formation
gives rise to an escarpment known as the Gypsum Hills, extending
from Darlington northwestward between North Canadian and Cimar-
ron rivers, through the corner of Kingfisher County, across Blaine
County into Woods County. At the Glass Mountains the escarp-
ment approaches closely the Cimarron, which it parallels northwest-
erly to the Kansas boundary. Beyond Cimarron River the gypsum
beds are-exposed in the northwestern corner of Woods and pass into
Barber Ceunty, Kans., where they trend north and northwest and
finally disappear under the Tertiary sands north of Medicine River,
30 miles northwest of Medicine Lodge.

Trom the east the Gypsum Hills appear as a wall crowned with a

' .
Massive white gypsum
Sandy dolomite 2!

Shimer

Red clay shale 20
‘o
i
é Massive white selenitic gypsum 3! Medicine Lodge
Red clay shale with bands and lﬁl
concretions
Massive greenish to white gypsum 6’
>
=
‘w { Red clay shale with gypsum ’
/2 | coucretions and thin ledges 55

Fic. 3.—Section 2 miles east of Altona, Okla,

white band, but the sky line is not continuous, as numerous breaks
occur where. the gypsum ledge has been dissolved by water and car-
ried away. The general appearance is rather that of an uneven row
of flat-topped buttes or mesas of various sizes than a single hill with
a continuous escarpment. To these buttes the name ¢ Mansard
Mounds ” has been given by one writer, in fancied resemblance t> a
mansard roof.e Not infrequently a few bold points stand out at a
distance east of the main range, and these outliers being more con-
spicuous have sometimes received distinet names, as Glass Mountains,
Mount Heman, Cedar Hill, and Henquenets Butte. Particular
pames have been given to certain parts of the range, as Stony Hills,
in Blaine County, east of Watonga, and Chatauqua Mountains for

« Hay, Robert, Bull. U. 8. Geol. Survey No. 57, 1890, p. 22.
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the same range farther north, extending to the Glass Mountains. The
name Marcy Range has been proposed for the entire section of hills.
These names, however, probably will never supersede the much-used
term, “ Gyp Hills.”

The Blaine formation consists of three ledges of massive gypsum
interstratified with red shale and an occasional local ledge of more or
less arenaceous and argillaceous dolomite, which usually oceur at the
base of the heavy gypsum. Only the gvpsum members will be
described in this report. The shales which make up the greater
part of the red beds have not been differentiated and the dolomites
(Massive white gypsum m Shimer

Gray sandy dolomite

Ked clay with conspicuous green bands
near the top

Blaine

Massive white gypsum
Grayish sandy dolomite

Red clay

LMassive white gypsum

Red clay shale with green gypsiferous
bands and thin ledges of gypsiferous
sandstone

Enid

Fia. 4.—S8ection near Watonga, Okla., in sec. 32, T. 16 N, R. 10 W.

are too local to deserve formation rank. The gypsum members of the
Blaine are briefly described below.

Ferguson gypsum member.—The Ferguson gypsum member is the
lowermost of the thick gypsum beds in the red beds of this region.
It varies in color from almost pure white to a dirty brown, according
to the purity of the mineral. It outcrops usually a little more than
half way up the slope of the escarpment formed by the formation,
but is rarely conspicuous. In Canadian, Kingfisher, and southern
Blaine counties it is the thickest of the three gypsum members, but
it thins out to the north and disappears in the region of the Glass
Mountains, north of which only the two upper gypsum ledges appear.
The name is derived from the town of Ferguson, Blaine County, in
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the hills southwest of which the ledge is typically exposed. The
following is an analysis of this ledge:

Analysis of gypsum from 4} miles west of Ferguson, Okla.

Per cent.

Caleium sulphate___________ 80. 09
Water __ oo 19. 82
Insoluble residue._______ 65
Total o 100. 56

On PL IX, 4, the Ferguson is the lowermost of the gypsum mem-
bers, scarcely distinguishable as a white line halfway up the slope.
Its relation to the other gypsum members is shown in fig. 5.

- .
3
Massive white gypsum RS 3 Shimer
o SN

Fossiliferous, sandy dolomite
Red clay with selenite bands
[Massive white gypsum

Red clay with seams of selenite

Massive, pinkish to white, gypsum
\

Enid

Red clay with lniers of concretions

Fic. 5.—Cedar Hill section in SW. % sec. 18, T. 16 N,, R. 10 W.

Medicine Lodge gypsum member.—The Medicine Lodge gypsum is
the most conspicuous gypsum deposit in the red beds. It extends
uninterruptedly from near the head of Medicine River, in Kansas,
to Canadian County, OQkla., and is in most places the ledge which
forms the cap of the Gypsum Hills. Perhaps no better description
of this ledge can be given than that of Professor Cragin, who first
described it in Kansas, as follows: ¢

In minor parts, the Medicine Lodge gyvpsum is nearly pure white: in others
it is suffused with leaden-gray or dusky-brown shades; most commonly it is

@ Cragin, F. W., The Permian system in Kansas: Colorado Col. Studies, vol. 6, 1896,
p. 32.
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grayish white mottled with feebly defined dark spots. The latter are gener-
ally the expression of a tendency that existed in the gypsum to form crystals
under the original conditions of a precipitation, as is shown by the occurrence of
spots in every gradation from ill-defined spot-like segregations to well-formed
crystals of selenite. Some of the crystals are of the common rhomboidal pat-
tern, others are of the stellar type.

In the region around the head of Salt Creek and its tributary,
Bitter Creek, in Blaine County, Okla.. the Medicine Lodge gypsum,

Gray dolomitic sandstone

Massive white gypsum i:{ %g%f%% Shimer

Red clay

Blaine

Massive white gypsum 1 Medicine Liodge

Gray dolomitic sandstone

Red clay shales

" Massive white gypsum R

Ferguson

Red clay shales with 90"
thin bands of gypsum

Enid

F16. 6.—Hitchcock section 4 miles south of Hitehcock, Okla., along Rock Island Railroad.

the middle of the three ledges, has a peculiar form. The middle part of
the ledge, usually 8 to 10 feet thick, is much harder than the rest of the
bed or any other ledge of gypsum known in the Territory. As seen
from below, this part of the ledge is pure white, as shown on P1. IX, B.
It breaks with an even fracture, so that it may often be distinguished
a mile away. On closer examination it is found to be very hard and
very fine grained, usually pure white, but with an occasional bluish
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or reddish tint. It takes a good polish and has the general appear-
ance of marble, and is known locally as the Salt Creek marble. And
sometimes it is difficult to persuade farmers who own a part of the
ledge that the rock is not valuable for building stone or for orna-
mental purposes. A chemical analysis reveals the fact that the rock
approaches an anhydrite—that is, it has a very small per cent of
water of crystallization. Ordinary gypsum contains from 20 to 21
per cent of water, while in the rock from this ledge the amount of
water is sometimes as low as 2 per cent.

The area covered by the anhydrite is about 10 miles long and 1
mile or more wide. No adequate explanation of this peculiarity of
structure has ever been forthcoming. It is probably because of this
relatively harder ledge, which resists erosion, that the marked
topographic forms mentioned above are due.

The following analyses show the relatively small amount of water
in this rock:

Analyses of -** mardle” gypsum from the middle part of the dMedicine Lodge

member.
Per cent. Per cent.
Calcium sulphate _ o ____ 94. 83 92. 73
Magnesium sulphate .____ ______ ________ . __ 1.93 _____._
Magnpesium carvbonate ______ e 3.15
Water . ______ 2. 74 3.15
Insoluble residue__ ______ _______________ SRS 33
Total __ o e 99, 50 99. 26
Analysis of “red marble” gypsum from the middle part of the Medicine Lodge
member.
Per cent.
Caleium sulphate__ 84. 00
Calcium carbonate____________ 3.41
Magunesium earbonate_____________________________ 2.13
Water - 5.38
Oxides of iron and alumiveomn_____ . __ .78
Insoluble residuve__ .. _ 1. 69
Total ___ 97. 39

The analyses given below indicate the composition of the gypsum
from the lower, middle, and upper parts of the Medicine Lodge:

Analyses of gypsums from the lower (1), and middle (2 and 3) parts of the
middle ledge of the Medicine Lodge member.

Per cent. Per cent. Per cent.

Calcium sulphate _______________________________ 79. 66 9494 ° 80.82
Water 20. 22 4. 95 20. 89
Insoluble residwve__.______________________________ .46 .67 .35
Total 100, 34 100. 56 102. 06

IBRR 148—05 M——4
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No. 1 is very hard, being almost an anhydrite, and is left in large
bowlders when the softer parts are- worn away. No. 2 is softer and

sometimes fills the place usually occupied by No. 1.

Analyses of gypsums from the upper part of the Medicine Lodge member.

1. 2, . 3.
Per cent. Per cent. Per ceut.
Calcium sulphate________________________________ 78. 41 78. 23 89. 30
Magnegium carbonate________ ____________________ 2.03 .98 1. 44
Oxides of iron and alumiuvmw______________________ 1.38 . _____
Water _____ 18.23 20. 75 9.33
Insoluble residwe_______________________ ________ .41 .34 .16
Total __ 100. 46 100. 30 100. 23
Massive white gypsum 13’{ ::;ég 2 \ Shimer
Gray sandstone o' 2
Red gypsiferous clays 32"
2
=9 Z
A KRR ol
Massive white gypsum 14/ R0 Medicine Lodge
Red clay aof
Pinkish to white massive v
¢ |eypsum ! 8 Ferguson

-

Red clay and shale slope

Eni

F16. 7.—Bitter Creek section, 6 miles southwest of Ferguson, Okla., on West Branch of

Bitter Creek.

Nos. 1 and 2 are the rocks that make up the greater part of the

ledge and are used for plaster.

No. 8 is harder material, approaching

anhydrite, sometimes found in lumps or masses, and is not used for

plaster.

P
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The name Medicine Lodge is that of the county seat of Barber
County, Kans., and was proposed by Professor Cragin in 1896.

Shimer gypswm member—A third gypsum ledge. to which Pro-
fessor Cragin gave the name Shimer gypsum, from a township in
Barber County, Kans., where the rock was first studied, is the upper-
most member of thé Blaine formation. It is typically exposed either
as the highest gypsum outcrop somewhat back from the brow of the
hills, or as the cap rock of oceasional bluffs and buttes overlooking
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F14. 8.—The Rubey section, in South Canyon, head of ‘Salt Creek, at the Rubey stucco-
plaster mill, Ferguson, Okla.

the slopes below. It is the ypper white ledge shown in Pls. IX, B,
and XXI, 4. The description of the Medicine Lodge gypsum
quoted above from Professor Cragin will in most places apply equally
well to the Shimer, but the thickness of the upper ledge is not so
great as that of the Medicine Lodge. Its areal extent and physical
characters are about the same, except that so far as known there is
no anhydrite in the Shimer.

The following analyses, made from specimens obtained from the
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Shimer member of the Blaine formation in the canyons 4 miles west
of Ferguson, indicate the constituents of this rock:

Anelyses of gypsum from the lower (1), middle (2), and upper (3) parts of the
Shimer member.

1. _ 2. 3.
Per cent. Per cent.  Per cent.
Calecium sulphate . __________ __________________ 78.22 80. 16 79.07
Water ______ . 21,22 20. 00 21. 00
Insoluble residve______________ _______________ .87 .86 .39
Total . o __ 100. 31 101. 02 100. 46

In some localjties the shale member which separates the Medicine
Lodge from the Shimer thins out and the two massive gypsum ledges
are practically continuous. Caves are not uncommon below the
various ledges. A generalized section of one of these caves is shown

in fig. 9.

F16. 9.—Section of gypsum cave.

The thickness of the Blaine formation varies considerably with the
locality, but it averages about 75 feet.

WOODWARD FORMATION.

Above the Blaine is approximately 800 feet of rocks, consisting
chiefly of shales, sandstones, and dolomites, and distinguished from
the formations above and below by the prominence'of dolomites and
the absence of gypsum. The formation includes all the rocks between
the two conspicuous gypsum horizons, the Blaine and the Greer, and
in general it may be divided into three members—the Dog Creek,
the Whitehorse and the Day Creek—which were all recognized and
named by Professor Cragin from localities in Kansas, except that his
term Red Bluff was preoccupied, and for it the name Whitehorse has
been substituted. For the formation as a whole, from the top of
the Shimer gypsum to the base of the Chaney gypsum, the name
Woodward is proposed, from the county in Oklahoma where the
strata are well represented.

Dog Creek shales member—The Dog Creek member is composed
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mainly of clays, containing occasional thin ledges of magnesian lime-
stone, which in places grade inte a fair quality of dolomite.

The ledges, however, are usually thin and rarely sufficiently con-
spicuous to be worthy of more than passing notice. Professor Cra-
gin’s original description of this member is as follows: ¢

The Dog Creek * * * consists of some 30 feet, or locally of a less or
greater thickness, of dull-red argillaceous shales, with laminse in the basal

Massive white 10"
gypsum
Dolomite 2
2
E Red clay 20’
=]
g;ss;lx]e white Py Medicine Lodge

Soft sandy dolomite 1’

’

Red clay- 18

Thin ledge of soft 9!
selenite and sandy
red clay

Enid

Red clay with green '’
bands and gypsum
concretions

F1a. 10.—Roscoe section, 1 mile south and 1} miles west of Roscoe, Okla.

part and one or two ledges of unevenly lithified dolomite in the upper. The
color of these shales resembles that which prevails in most of the divisions
below rather than of the terranes above the Dog Creek.

In his second paper he modifies his description in this way:

In central Oklahoma it is a great dolomite formation, laminated dolomite
occupying a considerable part of the thickness.?

e Op, cit., p. 39.
b Cragin, F. W., Observations on the Cimarron series: Am. Geologist, vol. 19, 1897,
p. 358.
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t

In his second paper he suggests that the name Dog Creek be
changed to Stony Hills. The writer agrees that the name Dog
Creek is, perhaps, not the best that could be used, but in view of the
fact that the dolomites which make up the Stony Hills in eastern
Blaine county belong to the Blaine formation and do not belong to
the Dog Creek, there seems to be no good reason for using the name
Stony Hills to designate this member.

pa
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FIe. 11.—Glass Mountain section, on northwest side of the mountain.

Studies made during the last three years have demonstrated that
in many parts of Oklahoma the thickness of the Dog Creek is much
greater than that given by Professor Cragin. Near Quinlan, in
eastern Woodward County, the aneroid readings indicate 225 feet
as the thickness of these beds, measured from the top of the under-
lying gypsums of the Blaine formation to the sandstones of the next
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higher formation of this member, the Whitehorse, and in a number, of
localities 150 and 175 feet were recorded. Exposures are common
along the top of the Gypsum Hills from Canadian County to the
Kansas line and beyond.

W hitehorse sandstone member.—The Whitehorse sandstone was also
described (under the name Red Bluff sandstone) by Professor Cragm
in his first paper, as follows: e

This formation consists of some 175 or 200 feet of light-red sandstones and
shales. * * * YViewed as a whole it is very irregularly stratified, being in

ég%% Shimer

r
Masgive white gypsum

Fossiliferons dolomite

Red clay

Blaine

Massive white gypsum

I S8andy gypsiferous rock

Red clay, with bands of
gypsum concretions,satin spar

Enid

FI1c. 12.—Granton section ; gypsum-capped butte 1 mile east of Granton, Okla.

some cases considerably inclined, in others curved, and this .oblique and
irregular bedding, being on a much larger scal2a than that of the ordinary
cross beddings, at first glance gives the impression of dips, anticlines, synclines,
etc., that have been produced by lateral pressure, the dips, however, being in
various directions. * * * The Red Bluff beds exhibit the most intense
coloration of any of the rocks of the series. When the outcrops are wet with
recent rains their vividness of color is still greater, and the contrasts of their
almost vermilion redness with other colors of the landscape is most striking.

e Cragin, F. W., The Permian system in Kansas: Colorade Col. Studies, vol, 6, 1896,
D, 40,
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Spots and streaks of bluish or greenish gi‘ay sometimes oceur in these rocks,
bhut not to nearly so great an extent as in the lower beds. The sandstones of
the Red Bluffs are generally too friable for building stone, but in some in-

stances selected portions have proved hard enough for such use and are fairly
duarable.

In Oklahoma the Whitehorse member often weathers into conspicu-
ous buttes and mesas. For instance, in eastern Woodward and

Massive white gypsum, somewhat
selenitic

Gray dolomite, honeycombed
[Red clay shale

Blaine

Massive greenish to whitish gypsum

< Red clay with harder ledges

Enid

Fic. 13.—Section of hill west of the mouth of Greaver Creek.

western Woods counties a row of these buttes, which rise 100 to 200
feet above the surrounding country, extends from the vicinity of
Whitehorse Springs, whence the name, southwest across the Cimarron,
to the high divides beyond. To some of these buttes characteristic
names have been given, as Lone Butte, Potato Hill, Watersign Hill,
Wild Cat Butte, and the like. The noted Red Hill, between Watonga
and Geary in southern Blaine County, is composed chiefly of the
Whitehorse formation. South of South Canadian River this sand-
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stone thickens and on weathering often forms conspicuous bluffs, such
as the famous Caddo County Buttes, southwest of Bridgeport, shown
on PL. X, 4. The Whitehorse sandstone is exposed along the Washita
from near Chickasha, Ind. T., westward, and in the vicinity of Ana-
darko it forms bold bluffs both north and south of the river, and
extends as far west as Mountain View. Ledges which probably
belong to the same general horizon outcrop north of the Wichita
Mountains in the vicinity of Hobart and Harrison, and it is not
impossible that further studies may demonstrate that the same beds
extend under the upper gypsums across Greer County.

Day Oreek: dolomite—Resting upon the upper part of the White-
horse sandstone in Kansas and Oklahoma is a conspicuous ledge of
hard, white dolomite, first described by Professor Cragin from expos-
ures in southern Kansas, as follows: ¢

Upon the latest of the Red Bluff rests a persistent stratum of dolomite vary-
ing in thickness from less than a foot to 5 feet or more. * * * It is a true
dolomite, containing with the carbonate of lime an equal or even greater per-
centage of carbonate of magnesia. * * * Though not of great thickness, it
is an important member of the upper Permian of southern Kansas and northern
Oklahoma, owing to its persistence, which makes it a convenient horizon of
reference. * * * The stone is nearly white in,fresh fracture, weathering
gray, and often has streaked and gnarly grain resembling that of fossil wood.
* % * Jts cherty hardness and fracture are not due to the presence of silica,
as one is tempted to infer, but are characters belonging to it as a dolomite. It
is a durable building stone. ’

In his second paper on the Permian rocks, in describing a typical
Oklahoma locality Professor Cragin says:

The brow of the Red Hillg near Watonga, Okla., is capped with the Day Creek
dolomite, which here presents itself as a compact stratum of gray, somewhat
pinkish or reddish tinged cherty-hard rock, little different from the typical ledge
that skirts the flanks of Mount Lookout in Clark County, Kans. The stratum
here has a thickness of 3 feet.

The line of outerop of the Day Creek in Oklahoma is not contin-
nous; nevertheless, it is found in numerous localities, and on account
of its distinctive lithological appearance it is always easily recog-
nized. It is displayed on many of the hills of Woodward County,not
only north of the Cimarron, but also between the Cimarron and the
North Canadian and south of the latter stream. In Blaine County
it forms the caps of a number of the prominent hills, notably the Red
Hills betweeen Geary and Watonga. South of South Canadian River
in Caddo County the dolomite covers the Whitehorse buttes southwest

% Op. cit., p. 44.
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of Bridgeport and outcrops southwestward as far as the headwaters
of Cobb Creek and on the west side of that creek past Colony. In
the vicinity of Mountain View, in the valley of Washita River, a
ledge of dolomite appears at the same general level as that occupied
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F16. 14,—Section on Main Creek one-half mile northeast of Bat Cave.

hy Day Creek, and another dolomite ledge in the hills north of Har-
rison may provisionally be referred to this horizon.

The composition of this material in Oklahoma may be understood
by reference to the following analysis:



PERMIAN SERIES. 59

Analysis of dolomite from the summit of the Red Hills 6 miles northwest of

Geary, Okla. Per cent.

Caleium ecarbonate____________ _____________ . ___. 42, 47
Magnesium carbonate ___________ ___________ S 52. 86
Water ___ 1.82
Oxides of iron and alominww_________________________________________ 1.35
Silica and insoluble residwe_____________________________ . ________ 1. 82
Total 99, 88

GREER FORMATION.

Above the Woodward formation are red clays, shales, and sand-
stones, and intercalated beds of gypsum and magnesium limestone or
dolomite 150 to 300 feet thick. Gypsum is the characteristic deposit
of this formation, as it is of the Blaine. This formation, for which
the name Greer is proposed, from the county in southwestern Okla-
homa, in which it is well exhibited, is exposed over a very irregular
area. For the purposes of discussion it may be grouped according to
two general areas, an eastern and a western. The eastern area extends
from the southern part of Woodward County southeast through
Dewey, Custer, Washita, Caddo, and Comanche counties into the
Chickasaw Nation. The western area extends over Washita County,
touches the extreme southeastern part of Roger Mills County, and
crosses Greer County to Collingsworth, Tex. The rocks of these
two areas are overlain by the same formation.

The rocks of the eastern area of the Greer formatlon strike north-
west and southeast just west of the outcrops of the Woodward forma-
tion. They are chiefly red clay shale, interstratified at several hori-
zons with red sandstone and gypsums, which are, however, very
irregularly bedded and can rarely be traced as continuous or definite
ledges. Nevertheless, the thickest ledges of gypsum known in the red
beds are found in this area. Thus 5 miles northwest of Weatherford
a ledge 60 feet thick was measured, as shown in fig. 18; in the vicinity
of Cloud Chief beds 50 feet thick are not uncommon (see fig. 19);
and in a well near Seger, Washita County, a ledge 115 feet thick is
reported. But these beds are not constant, thickening rapidly or dis-
appearing without apparent regularity. Along a single bluff one
may see the beds change from gypsum to sandstone within a distance
of a few rods, and a quarter of a mile farther the sandstone again
merges into gypsum. So variable is the stratification of all the rocks
of the Greer formation in this region that no attempt is made to
divide it into members. A section would usually not answer for a
point half a mile away.

The most northern outcrop of this formation, so far as known, is
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in the southeastern part of Woodward County, Okla., a few miles
south of Richmond. It is possible that these strata represent the

4

Redclay 75

Woodward

>

Massive white
gypsum 22

Red clay 7

Blaine

Massive white
gypsum 30

Enid

Red clay 120

Fi1a. 15.—Section on Sand Creek, 5 miles northwest of Quinlan, Okla.

southern continuance of Professor Cragin’s Hackberry shales and
Big Basin sandstone, but further study in the field is necessary to

N
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_substantiate this point. A few miles south of Richmond, Woedward

County, on the divide between the North Canadian and South Cana-
. dian, a thin bed of gypsum appears, interstratified between shales
and sandstones. This ledge, which is 1 to 3 feet thick, continues
south, appears as a cap to the high bluffs along the South Canadian

-

Soft red sandstone 50 Red Bluff

Woodward

Red clay ];10 Dog Creek

Massive white gypsum 25

Red clay 5

Blaine

Massive white gypsum 30’

Red clay 200

Enid

F1c. 16.—Section on butte ;115 mouth of Doe Creek, Woodward County, Okla. In the
above legend “ Red Bluff” should read Whitehorse,

north and west of Taloga, and outcrops on both sides of this river as
far as the vicinity of Stone, Day County. The ledge thickens to the
south, and at Weatherford, Custer County, one of the beds is more
than 60 feet thick. Pl. XI shows the entrance to a cave at this
place, and fig. 18 a section of the hill. The various exposures,
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averaging perhaps 10 feet in thickness, appear along the various
branches of Barnitz Creek and the Washita River in Custer County
and as far west as Roger Mills County. In eastern Washita County,
in the vicinity of Seger, in the region between Cloud Chief and
Weatherford, the gypsum members seem to find their extreme devel-
'opment, there being several heavy ledges, and one, as stated above,
that has a reported thickness of 115 feet. Fig. 19 gives section of
a butte on the Washita River near Cloud Chief.

{ Red clay

Massive white gypsum

Woodward

Red clay

;

Blaine

Massive white gypsom

E:; 4 Red clay, bands of selenite

Fie. 17.—Section of high bluff at southeast cormer of the Sait Plain.

Following the strike to the southeast outerops of gypsum occur on
the hills north of Washita River, between that river and Cebb Creek,
almost to Fort Cobb. South of that river the gypsum forms the top
of conspicuous bluffs opposite Fort Cobb, and on the hills to the south
and east. Exposures of gypsum continue on the divide between
the waters of the Washita and those of Red River as far as the
vicinity of the Keechi Hills in southwestern Caddo County,-along
Little Washita River (see fig. 20), and between these hills and
Apache. The same beds probably extend to the region of Marlow,
Ind. T.

’
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The character of the gypsum in the eastern part of the outerop of
the Greer formation may be better understood by the following
analyses of material taken from this region, No. 1 being from the
cave 5 miles northwest of Weatherford, No. 2 from ledge 4 miles west
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Red clay shale 30’

White dolomite 2’

Red sandstone 75

F16. 18.—Section of bluff 5 miles northwest of Weatherford, Okla.

of Weatherford, No. 8 from 5 miles west of Weatherford (near ledge
of sandstone), and- No. 4 from 5 miles southwest of Cement, Okla. :

Analyses of gypsum from near Weuatherford and Cement, OLla.

1. 2. 3. 4,
Per cent. Per cent. Per cent. Per cent.
Calcium sulphate_____ 75. 57 77.38 27.25 4. 45
Calcium ecarbonate i1 46. 73 4. 25
Magnesium sulphate____________________ ___ .8 L ...
Magnesium carbonate-_____________ . 40  ______ 1. 42 .84
Water ________ 20. 22 20. 78 17. 36 18. 61
Oxides of iron and aluminum____________ .45 67 8.30 .61
Silica and insoluble residue______________ 1. 66 .41 1.22 1. 02

____________________________ 99. 41 100. 07 102. 28
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In the western area of the Greer formation the rocks differ in
several particulars from those in the eastern area just described.
Instead of being unevenly stratified the rocks are deposited in regular
layers. Sandstones are practically absent, or at least inconspicuous,
and the sequence consists of layers of gypsum and magnesian lime-
stone or dolomite interstratified among gypsiferous clays.

The rocks of this area appear to connect with those of the eastern
area in southwestern Washita County, although throughout the region
between Cloud Chief and the southwestern part of the county across
the valleys of the various branches of Elk Creek, the gypsums ordi-

Massive white gypsum

Sandstone and red clay

Magsive white gypsum

8oft, red gypsiferous sandstone

Fic. 19.—Section of butte 5 miles southwest of Cloud Chief, Okla.

narily do not appear. However, at several points along the line of
strike, ledges 10 feet or more in thickness may be seen in canyons or
along stream beds. Just before reaching the North Fork of Red
River, and just north of the corner of Roger Mills, Washita, and
Kiowa counties, regular ledges appear, and along the north <ide of
the North Fork for 10 miles or more they form an escarpment 125 to
175 feet high, as shown in Pl III, B, and fig. 21. This is, perhaps,
the finest exposure in Oklahoma, the gypsum members, here appear-
ing in four separate ledges, having a thickness of 75 feet. The
river cuts through the formation west of these bluffs, and the gvpsums
again appear at Haystack Butte in Greer County about 20 miles
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northwest of Granite. The rocks of the Greer form conspicuous
bluffs on both sides of Haystack Creek and on Elm Fork of Red River
and its tributaries as far as Collingsworth County, Tex. The gyp-
sums which occur in such abundance in southern Greer County in the
vicinity of Duke and Eldorado also belong to the Greer formation.
The rocks of the western area of the Greer consist of red clay
shales, heavy gypsum members, and a ledge of dolomite or magnesian
limestone. At the base of the formation is an unknown thickness
of red gypsiferous and saliferous shales and sandstones. These
shales contain occasional local ledges of gypsum a foot or two thick,

Red clay shale 50

Soft rock gypsum, white, pinkish 15’

Soft red sandstone 10

Red clay shale 50

Red sandstone 25

Fic. 20.—Little Washita River scction, taken west of Frisco Railroad crossing.

and beds of white and greenish shales are not uncommon. In the
region of the heavy gypsum formations there are several salt plains
fed by springs that issue from below the gypsums, or in one instance,
trom shales between the gypsums. These shales between the gyp-
sum beds do not differ materially from those at the base of the
formation, nor from those between the gypsum ledges of the Blaine
formation. Immediately beneath the heavy gypsum beds there is
often a foot or two of bluish or greenish clay or shales. Iigs. 22, 23,
and 24 show characteristic sections taken in this region. '

IRR 148—05 M—5H
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There are five prominent ledges of the Greer formation outcrop-
ping in this region, the three upper ones being thickest and most
conspicuous. In general, neither of the two lower members iz more
than 4 feet thick, and because of their position near the foot of the
bluff they are frequently inconspicuous. The various members are
described below. :

Chaney gypsum member.—This gvpsum is well exposed along-the
south side of Elm Fork from Mangum northwest to the Texas line.

Weathered sandy dolomite

Red and green shale

Massive white gypsum

Red and green shale

Massive white gypsum

Red aud green clay shale

Massive white gypsum,
occasional thin ledges sandstone

Reddish aud green shale

Greenish gypsum, gypsiferous shale

Red and green clay shale

F16. 21.—Section of bluff at the Salt Plain, on North Fork of Red River, 5 miles.south
of Carter, Okla.

It is also seen on Haystack Creek,. but on North Fork, in Roger Mills
County, it loses its characteristic structure and becomes simply a
gypsiferous band in the red clay. On Elm Fork at the mouth of
Hackberry Creek and also at the Kiser and Chaney salt plains near
the Texas line, it is a hard massive stratum 3 to 5 feet thick, usually
white, but sometimes gray or bluish. It is often distinectly stratified
or apparently cross-bedded, or it may be that the lines of stratification
are wanting. The formation derives its name from the Chaney Salt
Plain on Elm Fork of Red River, 4 miles east of the Texas line.
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Kiser gypsum member~This member is exposed throughout the
western area of the Greer formation. It is rarely white and in this

Red clay

507

Hard sandy rock 4’

Red and green
clay

Massive white
gypsum

Red. and green
clay

Massive white
gypsum

Red and green
clay

20"

16'

8

20*

Bluish and drab 4’

gypsum

Red clay

Gypsum and
hard rock

Red clay

7

15

5’

100"

& oEatesorose!

ARRRIRS R A T R L LLLA

QELRARF KXy AR SRR % bt
s .

} Haystack

) Kiser

FiG. 22.—Haystack section, 6 miles south of Delhi, Okla. In above legend  Delhi”

should read Mangum.

regard differs from all other ledges of the Greer. It varies from a
decidedly bluish or greenish tint to drab or gray. On the North
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Fork it is composed of greenish gypsum and gypsiferous shales, be-
coming hard loeally, and on Haystack Creek of bluish and drab
gypsum, grading into gypsiferous rock and clay. On Elm Fork, at
both the Kiser and Chaney salt plains, it is composed of soft, bluish
to greenish, selenitic gypsum, and at the mouth of Hackberry, 10 miles
down Elm Fork, it is a bluish stratified gypsum. These occurrences

‘Dolomite, honeycombe.d 3’

Red clay 20’

Massive white gypsum —+12 Collingsworth

Red and blue clay - 6
Massive white gypsum 18 Cedar Top

‘White and green and red clay 6

Massive white gypsum 20 Haystack

Red and greenish clay 15
Greenish selenitic gypsum 3’
Red clay 12’
Hard stratified gypsum ) 4’
Bluish and red clay 5’

Hard gypsum 2/

Red and bluish shale, banded 7%

F1c. 23.—Section at Salton, Greer County, Okla. In above legend ‘ Delhi” shoulg-read
Mangum.

show that while the general character is fairly constant, the stratum
* varies considerably in local sections. The softness of the rock renders

it particularly susceptible to weathering, and it is frequently incon-

spicuous. TIts thickness varies from 1 to 3 feet. The name is from

the Kiser Salt Plain on Elm Fork, Greer County, where the ledge is

well exposed.
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Huaystack gypsum member.—The upper part of the Greer forma-
tion consists of three layers of massive gypsum and one of dolomite,
interstratified between beds of red clay shale. The lowermost of the
three thicker layers, the third gypsum member from the bottom of
the formation, consists of the typically massive gypsum, almost pure
white or occasionally grayish in places, with a few thin bands of
gypsiferons sandstone. This ledge is often cut by joints which sep-
arate the rocks into rectangular blocks. These blocks frequently
weather out and roll down the'slope and in places render it conspicu-
ously white for miles. The Haystack varies locally from 18 to 25

TN

Hard dolomite

Red clay

Massive white gypsum

Red and blue clay

“Massive white gypsum ; Cedar Top
<4

Red and blue clay

33& Haystack

‘Massive white gypsum thin ledges,
hard rock

Red and blue clay

Bluish stratified gypsum,folded

Red and blue clay

‘White and blaish gypsum % 2 TR0 2 Chaney

Red and blue clay

Fig. 24.—S8ection at mouth of Hackberry Creek, Greer County, Okla. In above l‘egend
* Delhi " should read Mangum.

feet in thickness, and so far as known is the thickest gypsum member
in the western area of Greer. It is exposed along all the bluffs on
North Fork and Elm Fork and is particularly conspicuous on Hay-
stack Creek and in the vicinity of Haystack Butte, whence the name.

Cedartop gypsum meniber—The Cedartop is a massive white
gypsum, very similar in appearance to the Haystack. It has a con-
stant thickness of 18 to 20 feet throughout the region of outcrop. It
is very conspicuous on North Fork, Haystack, and Elm Fork, and
forms the caps of a number of buttes and bluffs throughout the region.
It is called “ Cedartop,” from a prominent butte on the North Fork of
Red River, in the extreme southeastern corner of Roger Mills County.
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This rock forms the upper ledge of this butte, and may be seen from
a great distance up and down the river and even from Headquarters
Mountain at Granite, 15 miles away. It is shown in PL III, B.

Dolomite, hard rock

Red and blue clay

Massive white gypsum

Red clay with ledges
of gypsum

Massive white gypsum

Red and blue clay

Soft shaly rock
and gypsum

Red and blue clay

Bluish gypsiferous rock

Red m;d blue clay

Masgsive white gypsum

Red clay

Fia. 25.—Section 10 mil

3!

12’

10’
81

3!

100

| =

es south of Mangum, Okla., in bluffs between Salt Fork and Horse

Branch.

Collingsworth gypsum member.—This is the upper gypsum ledge
of the Greer formation, and it does not differ materially in litho-
logical appearance from the Haystack or Cedartop. Like them, it is
massive and white throughout, and like them, also, it is cut by a
series of master joints into rectangular blocks. Where exposed, the
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thickness varies from 18 to 20 feet, being approximately that of the
Cedartop and not so great as the Haystack. As it is the upper
gypsum member it has often been eroded, and for that reason does
not always appear in a section. Near the heads of the various creeks,
however, it is the prominent ledge, and it is also exposed on a num-
-ber of the conspicuous bluffs, as along North Fork. It is named
from Collingsworth County, Tex., just west of Greer County, Okla.,
where the gypsum is well exposed. '

Mangum dolomite member.—Above the Collingsworth and sep-
arated from it by about 20 feet of red clay shale is a very persistent
s-foot bed of more or less dolomitic limestone. In places it is true
dolomite; while at others it contains only a small per cent of mag-
nesia and is a magnesian limestone. The character of the rock

Massive dolomite

Red and green shale ami clay

‘Massive white gypsum
Red clay
Clay and hard rock

Massive v;vhibe gypsum

Red and blue clay
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Hard and massive gypsum in the creek bed

<]

F16. 26.—Section on Boggy Creek, 9 miles northeast of Eldorado, Okla.

varies considerably. In places it is arenaceous and soft, in other
localities cavernous or honeycombed. Often, however, it is firm and
solid and forms an excellent building stone. Tts color is white, drab,
or sometimes yellowish. The underlying clays have often been
eroded and the rock frequently covers slopes at a considerable dis-
tance below its original position. While the thickness averages 3
feet, it varies from 1 foot to 5 feet. This member is exposed on the
. hills north of North Fork, in Roger Mills County, and on practically
all the divides of Elm Fork and Haystack, Bull, and Fish creeks in
Greer County. The name of Magnum is that of the county seat of
Greer County, near which the dolomite is well exposed.

Figs. 21 to 26, inclusive, showing sections taken in Roger Mills and
Greer counties, indicate the stratification in that region.
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QUARTERMASTER FORMATION.

Above the Greer are 300 feet or more of soft, red sandstones, and
arenaceous clays and shales, to which the name Quartermaster has
been applied. So far as known this is the highest formation of the
red beds in Oklahoma.

In the lower part of the formation the rocks are chiefly shales,
typically red, but sometimes containing greenish bands and layers.
The shales become more arenaceous above, and in places form a
strong, consolidated sandstone, which is rather thin bedded and prone
to break into small rectangular blocks, and weather queerly into
long and narrow buttresses or rounded, conical, or nipple-shaped
mounds from 10 to 50 feet or more high. These mounds may be soli-
tary, but in some areas hundreds of them occur in a single quarter-
section. The sandstone is further characterized by the marked and
very peculiar dip of the rocks in certain directions. The strata often
dip at angles of from 20° to -£0° to all points of the compass, even
in a small area. These dips often produce escarpments that have
the appearance of those formed by regularly bedded dipping strata.
The most plausible explanation of this phenomenon is that the erratic
dipping is caused by the undermining of deep-seated rocks, probably
some of the various gypsum members of the Greer.

In this sandstone, particularly in its upper part, there are many
springs of soft water, which usually issue as seeps at the head of
deep canyons or beneath bluffs of red sandstone. While few of
them have large flows, many are large enough to supply farmhouses,
or, in some cases, to furnish stock water for ranches. Wells in these
sandstones frequently yield good water at moderate depths. In fact,
with the exception of the eastern area of the Enid, the Quarter-
master is the only red-beds formation in which any large amount of
good water is found.

Except where covered by younger rocks, the Quartermaster out-
crops over practically all of Day and Roger Mills counties, and is
also extensively developed in the western part of Dewey, Custer, and
Washita counties. To the south and east it is underlain by the
Greer, while to the west and north it disappears beneath the sands
of the Tertiary. Streams tributary to the South Canadian, Waghita,
and the North For<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>